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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIRE HAZARD TESTING -
Part 2-20: Glowing/hot wire based test methods —
Apparatus, verification, test method and guidance

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internation
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end an
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Report
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). The
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt wit
may participate in this preparatory work. International, governmental and non-governmental organizations liaisin
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization fdg
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

S8 J 5. O =Qa

The formal decisions or agreements of IEC on technical matters express, ‘as nearly as possible, an internationa
consensus of opinion on the relevant subjects since each technical committee has representation from ajl
interested IEC National Committees.

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

< ()=

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publication
transparently to the maximum extent possible in theit national and regional publications. Any divergence betwee
any IEC Publication and the corresponding nationalor regional publication shall be clearly indicated in the lattef.

= V)

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

<<

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

No liability shall attach to IEC or’its” directors, employees, servants or agents including individual experts an
members of its technical commiftees and IEC National Committees for any personal injury, property damage (
other damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of {the publication, use of, or reliance upon, this IEC Publication or any other IE
Publications.

o S5 O

Attention is drawn-tosthe Normative references cited in this publication. Use of the referenced publications i
indispensable forthe correct application of this publication.

7]

IEC draws attention to the possibility that the implementation of this document may involve the use of (4
patent(s). [EC:takes no position concerning the evidence, validity or applicability of any claimed patent rights i
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), whic
may bewrequired to implement this document. However, implementers are cautioned that this may not represer
the.Jatest information, which may be obtained from the patent database available at https://patents.iec.ch. IE
shall)not be held responsible for identifying any or all such patent rights.

(U~ 3 5 —

S

made to the previous edition IEC TS 60695-2-20:2021. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC TS 60695-2-20 has been prepared by IEC technical committee 89: Fire hazard testing. It is
a Technical Specification.

This fourth edition cancels and replaces the third edition published in 2021. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

) RUIIIUVCL} d“ tU)\t VViIibiI wdo lUidtUd tU Ulllp Ul dlippillg, billbc ill tilib 4”‘ adiiiuu Ulliy IgIIItIU
is taken into consideration for determination of the classification level;

H) Title changed: "Hot wire coil test method" is now "Hot wire ignition (HWI) test method™

The text of this Technical Specification is based on the following documents:

Draft Report on voting
89/1583/DTS 89/1593/RVDTS

-l

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

—
=)

—]

he language used for the development of this Technical Specification is English.

his document was drafted in accordance with ISO/IEC Directives, Part 2, and developed i
ccordance with ISO/IEC Directives, Part 1 and ISO/EC Directives, IEC Supplement, availabl
t www.iec.ch/members_experts/refdocs. The main document types developed by IEC ar
escribed in greater detail at www.iec.ch/publi¢cations.

W W 3J

o Q QO

mul

art 2 of IEC 60695 consists of the following parts:
Rart 2-10: Glowing/hot-wire based.-test methods — Glow-wire apparatus and common test
procedure

Rart 2-11: Glowing/hot-wire based test methods — Glow-wire flammability test method for engd
products

~~

Rart 2-12: Glowing/hotéwiré based test methods — Glow-wire flammability index (GWFI) tes
method for materials

~

Rart 2-13: Glowing/hot-wire based test methods — Glow-wire ignition temperature (GWIT) tes
method for materials

Rart 2-20: _Glowing/hot-wire based test methods — Hot-wire ignition test method — Apparatus,
verification, test method and guidance

Rart 2-2" Glowing/hot-wire based test methods — Fire containment test on finished units

A listvof all parts in the IEC 60695 series, published under the general title Fire hazard testing,
can be foundon the TEC website:

NOTE The following print types are used:

e Terms in bold in the text are defined in Clause 3.

Future documents in this series will carry the new general title as cited above. Titles of existing
documents in this series will be updated at the time of the next edition.


https://www.iec.ch/members_experts/refdocs
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

In the design of any electrotechnical product, the risk of abnormal heat and the potential
hazards associated with abnormal heat need to be considered. In this respect the objective of
component, circuit, and product design, as well as the choice of materials, is to reduce to
acceptable levels the potential risks during normal operating conditions, reasonably foreseeable

abnormal use, malfunction and/or failure. IEC 60695-1-10 [1]1, together with its companio
IEC 60695-1-11 [2], provides guidance on how this is to be accomplished.

n

The primary aims of IEC 60695-1-10 [1] and IEC 60695-1-11 [2] are to provide guidance\0
How:

Q

) to prevent ignition caused by an electrically energized component part, and

O

) to confine any resulting fire within the bounds of the enclosure of the electrotechnics
product in the event of ignition.

Jecondary aims of IEC 60695-1-10 [1] and IEC 60695-1-11 [2] include theminimization of an

effluents such as heat, smoke, toxicity and/or corrosivity.

The test method provided in this document applies to solid electrieal insulating materials whic
gan provide test specimens. It applies to materials for which thiextest specimen does not deforn
during preparation, especially during the winding of the test specimen with the heater wire a
described in 5.5.

Hxamples of deformation that render this test method inapplicable include:

d) bowing, in either a transverse or a longitudinal direction, or twisting of the test specime
during the winding of the test specimen with'the heater wire, to a degree visible to the eygq
or

H) visible indentation of the test specimien by the heater wire.

An-irfermative classification system<@escribed in Annex B can be used for the preselection d
haterials.

-

flame spread beyond the product's enclosure and the minimization of thetharmful effects of firg

-

y

U o 2

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

Part 2-20: Glowing/hot wire based test methods —
Hot-wire-coil ignition (HWI) test method —
Apparatus, verification, test method and guidance

—

Scope

his part of IEC 60695, which is a technical specification, describes a test method that‘applie
b solid electrical insulating materials of which test specimens can be providéd," The teg
neasures the time required to ignite a test specimen when it is affected by heat from a

lectrically heated wire wound around the test specimen.-l-the-test specimenrips,the time-3
et sesie do e sroond ol

£ O I =

—]

he test method can be used to provide classifications which can be used for quality assurancs
ne preselection of materials of products as described in IEC 60695-1-30, or to verify th
pquired minimum classification of materials used in end products.

- —~+

D -

DD

E o

0]

3

N)

Normative references

he following documents are referred to in the text in such a way that some or all of their conter
onstitutes requirements of thiss<document. For dated references, only the edition cited applieq.
or undated references,: the latest edition of the referenced document (including an
gmendments) applies.

MmO -

—

IEC 606895842012 Eira azard testing DPart 4- Tarminologyvr—concerning—fire tests fdr
HEo—oboIdeAa-L L HFe—hAaZara—tesSthg —aHt—4 MO0 gyY—GoRcerHg—Hre—tesSts—gf
IEC/GUIDE _104:2019 e nrenaration—of-safetvpublications—and-the use of basic _safef
HEOC s oo E 4L 09—HAe—preparation—or—Sarety—pubHeatHoRS ana—1the—HuHSe—o0rpPasSic—Satret
e biaofio ol crro i foti s gy INH £ n

OTEET tf

|SOUEGC-Guide-51:2014.Saf Suideli ; e cimn i
ISO 291:2008, Plastics — Standard atmospheres for conditioning and testing

ISO 293, Plastics — Compression moulding test specimens of thermoplastic materials

ISO 294 (all parts), Plastics — Injection moulding of test specimens of thermoplastic materials

ISO 295, Plastics — Compression moulding of test specimens of thermosetting materials
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ISO 13943:20082017, Fire safety — Vocabulary

ISO 16012:2004, Plastics — Determination of linear dimensions of test specimens
1S-C 2520:1999_Wi NTII ; ! ) .

3 Terms and definitions

or the purposes of this document, the terms and detinitions given in ISO 13943:2017, some, @
hich are reproduced below for the user's convenience, as well as the following apply.

<

50 and IEC maintain terminological databases for use in standardization at the)followin
ddresses:

Q

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

o/ 1SO Online browsing platform: available at http://www.iso.org/obp

3.1

abnormal heat

delectrotechnical> heat that is additional to that resulting from use,under normal conditions, u
tp and including that which causes a fire

[POURCE: ISO 13943:2017, definition 3.1]

3.2

dlassification time
thic

grithmetic mean of-relevant times to ignite, " IT-and-times-to-drip;—DT, used for the purpose @
dassification

3.3
ombustion
gxothermic reaction of a substance with an oxidizing agent

(o)

Note 1 to entry: Combustion,generally emits fire effluent accompanied by flames and/or glowing.

[POURCE: ISO 13948:2017, definition 3.55]

3.4
draught-free.environment
gpace in which the results of experiments are not significantly affected by the local air speed

1

Quantitative examples are small-scale fire tests in which a maximum air speed of 0,1 m-s™" or 0,2 m-s™! is sometim¢|

Note 1 toventry: A qualitative example is a space in which a wax candle flame remains essentially undisturbed.

$]

spegified.

[SOURCE: ISO 13943:2017, definition 3.83]

3.5
end product
product which is ready for use

Note 1 to entry: An end product can be a component of another end product.

[SOURCE: IEC 60695-4:2012, definition 3.2.7]



http://www.iso.org/obp
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3.6

fire effluent

all gases and aerosols, including suspended particles, created by combustion or pyrolysis and
emitted to the environment

[SOURCE: ISO 13943:2017, definition 3.123]

3.7
fire hazard
otential for harm associated with fife

bl

ote 1 to entry: Alternatively, fire hazard can be a physical object or condition with a potential for an un@esirable
pbnsequence from fire.

(¢

—

SOURCE: ISO 13943:2017, definition 3.131]

D ® = do

b

3.8

ignition

sustained ignition (deprecated)
qgeneral> initiation of combustion

[POURCE: ISO 13943:2017, definition 3.247]

.9

reselection
rocess of\assessing and choosing candidate materials, components or sub-assemblies fdr
haking @n-end product

=2 0O T

—

SOURCE: IEC 60695-1-30, definition 3.5]

3.10

time to ignite

IT

time elapsed after the start of a test when ignition of the test specimen is observed to occur
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4 Principle

A rectangular bar-shaped test specimen is supported horizontally on a test fixture (an example
of a test fixture is shown in Figure 1 and Figure 3). The centre portion is wound with a coil of
heater wire as shown in Figure 2. A constant current is applied to the coil, which rapidly heats
up and the behaviour of the test specimen is observed. The time to ignite, IT-and/orthe-time

to-drip;-DT shall be recorded.

IEC

Figure 1 — Test fixture arrangement (example)
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Dimension in millimetres

IEQ

Key

1| Test specimen

Heater wire

Electrical connection point

Distance to electrical connection points (= 35 mm)

Distance between all 5 windings (34:5-t6-32;6 30,5 to 32,5 mm)

oD ow N

Figure 2 — Test specimen winding pattern

tn

Apparatus

1 Test chamber

he test chamber consists .of a laboratory fume hood/chamber-shall-have having an insid
olume of at least 0,5 m3 The test chamber shaII prowde a draught-free environment-whilg
. The test chamber shall perm
bservatron of the test'in progress The inside surfaces of the walls shall be a dark colour. Th
test chamber shall.hiave an ambient light level not exceeding 20 lux. For safety and convenienc
if is desirable that-this-enclesure test chamber (which can be completely closed) is fitted wit
gn extraction device, such as an exhaust fan, to remove the fire effluent which may be toxig.

he extraction*device, if fitted, shall be turned off during the test and turned on immediately
dfter the test. A positive closing damper may be needed.

_)(D(U.—bd-o-(l)

.2 Heater wire

The heater wire shall be a Nickel/Chromium wire-{NCHW1 according-te-HS-C-2520}, having a

nominal composition of >77 % Ni and (20%+1 % Cr), having a nominal diameter of
(0,5 £0,016) mm and a length of 260 mm (+ 10 mm, — 0 mm).

NOTE 1 NiCr (> 77 % Ni/ 20 + 1 % Cr) heater wire has a nominal cold resistivity of (1,08 + 0,05) x 10°® Q-m.

NOTE 2 The Nickel/Chromium wire is also known as NCHW1 according to JIS C 2520-is—alse—known—as and
NiCr8020 according to DIN 17470 Werkstoffnummer 2.4869, or as specified in ASTM D3874.

NOTE 3 The length of wire may need to be adapted as follows: 280 mm (+ 10 mm, — 0 mm) for specimens with
thicknesses between > 3 mm and < 8 mm; and 350 mm (+10 mm, -0 mm) for specimens with thicknesses between
>8 mm and £ 13 mm.
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5.3 Power supply and test circuit

A constant current DC power supply which can provide a constant current of at least 8 A and a
power of at least 150 W shall be used to energize the heater wire. The supply circuit shall have
the following capabilities.

a) There shall be a means for measuring the current through the test circuit-current-to-within
with an accuracy of £ 0,2 %;

b) All electrical connections for the heater wire shall be capable of transmitting the test current
without Qignifir‘nnf loss and shall not mpr‘hnnir‘nlly affect the test cpnr‘imnn dllring the test

d) A voltmeter shall be provided to measure the voltage using small probes as shownin
Figure 5.

=3

The test circuit shall be provided with an on-off switch for cutting off the test circuit.current (fo
safety reasons).

NOTE An AC power supply is also suitable to drive the set constant current.

8.4 Test specimen fixture

>

n example of a test specimen fixture is shown in Figure 3. Two supporting posts positionef
0 mm £ 2 mm apart shall be provided with hold-down clamps ta-support the test specimen in
horizontal and flat position.

Q =~

Dimensions in millimetrejs

Key
1 Chamber surface
Test specimen fixture

Distance between the two supporting posts

A W0 N

Distance between the top and bottom of the supporting post

Figure 3 — Test specimen fixture (example)

5.5 Test specimen winding and pressing

The heater wire shall be wound around the test specimen centred along the longitudinal axis of
the specimen by hand or by using a winding device.
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Five windings shall be applied using a force of (5,40 + 0,02) N, equally distributed, with a pitc
of-6;356+0,05 (6,3 £ 0,2) mm. In practice the five windings on the test specimen shall be evenl
spread over the test specimen which shall result in a distance of between-34;:6 30,5 mm an
32,0 32,5 mm as shown in Figure 2. An example of a winding device is shown in Figure 4.

h

y
d

Figure 4 — Heater wire winding de\@)(Example)
N

winding is done manually, : i the first winding point at th
bst bar shall be calculated according to Formula g@nd marked on the test specimen.

—

(125.0 mp\@\so,s mm)/2 (1

Hor a test bar of 125,0 mm in length, h@bving that the total distance between the 5 winding
should be between-345 30,5 mm and-32 32,5 mm, the first winding point shall start a
{25-31:6)/2 47,25 mm from one (i\ﬁe test bar ends.

the test, taking care to e hat the spacing of the windings on the specimen are not affected. When th

OTE 1 Thin specimens can be w u’ﬁgby supporting the specimen on one side with a steel bar which has the sam|
2@1"3@“

N
stze as the test specimen and a thickness at which the steel does not bend. The steel bar needs to be removed prig
t

S|

Deformation of theo@l specimens during preparation is to be kept to an absolute minimum.

m

xamples of@g)rmation are:

- bowi Qﬁeither transverse or longitudinal directions, or twisting during the winding proces
to &%ree visible to the eye, or

ecimen is pliable and susceptible to indentation, the steel bar can also be used on both sides of the test specimen.

11

= O

- N ible indentation of the wound wire into the edges of the test specimen.

The wound part of the wire should be in good contact with the test specimen.

This is achieved by pressing the wound test specimen between two stiff surfaces; pressing them

together with enough force sufficient to flatten the wire on to the test specimen surface.

NOTE 2 It has been found useful to use boards made of pinewood that are flat and smooth and having a minimum

thickness of 10 mm, and to apply a pressing force of approximately 150 N.

NOTE 3 See informative Annex A for guidance on properly wound test specimen.
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5.6 Conditioning chamber

The conditioning chamber shall be maintained at 23 °C +2 °C at a relative humidity of
50 % £ 10 %.

5.7 Timing device

The timing device shall have a resolution of 0,5 s or less.

Tlhe micrometer shall have a resolution of

Q

) 0,01 mm or less for test specimens with a thickness of 0,25 mm or greater; and

O

) 0,001 mm or less for test specimens with a thickness less than 0,250 mm.
5.9 Measuring scale

The measuring scale shall be graduated in millimetres.

g§ Test specimens

6.1 Test specimen preparation

—_

0 test specimens shall be prepared.

When tests are carried out on materials for preselection purposes, they shall be conducted oh
uncoloured test specimens or on normally supplieéd coloured test specimens.

—]
1=

est specimens shall be cut from a representative test specimen of the material (sheets or en
roducts) or shall be cast, or injectionsmoulded in accordance with 1ISO 294, compressio
houlded in accordance with ISO 293.0or ISO 295, or transfer moulded to the necessary shape|

ol
=)

-

I

fter any cutting operation, carecshall be taken to remove all dust and particles from the surfac
nd cut edges shall be fine sanded to a smooth finish.

1%

.2 Test specimen dimensions

his test method applies to moulded or sheet materials available in nominal thicknesses of up
tp and including™13“mm.

est specimens shall be 125 mm + 5 mm long by 13,0 mm £ 0,5 mm wide.

he preferred thicknesses for preselection purposes include 0,4 mm, 0,75 mm, 1,5 mm angd
,0umm. Other thicknesses may be used by agreement between the interested parties and if sq,
2%

PN TN
Sfrffait o

anatedinth toct ranao -t
C TTUtCuU 1 uic 1ot TUpPYUT L.

Test specimens having thickness up to 3,0 mm shall be tested using the nominal 260 mm length
of wire.

For test specimens having thickness more than 3,0 mm and up to 8,0 mm the length of the wire
to be used shall be 280 mm.

For test specimens having thickness more than 8,0 mm and up to 13,0 mm the length of the
wire to be used shall be 350 mm.

NOTE-4 Some materials can be tested at lower thicknesses, depending on the rigidity of the test specimens. As
long as the test specimens do not deform during winding, the test method is applicable.
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Thickness measurements are to be taken at the approximate center of the test specimen.

When test specimens are taken from end products, three measurements along that part of the
test specimen which is wound with heater wire, are to be taken. The arithmetic mean of the

three measured values is to be taken as the value of the thickness of the test specimen.

or rigid test specimens, thickness measurements shall be performed in accordance Wit

IO 16012 as follows. Using a ratchet micrometer, close the micrometer at such a rate that'th
hange in reading on the scale or digital display can be easily followed. Continue the.closin
otion until the ratchet clicks three times, the friction thimble slips, or the two contact’surface
an be felt to be in full contact with the test specimen. Record the indicated reading! For flexiblg
on-rigid, or elastic test specimens, a dial gauge micrometer may be used. The_closing motio
hall be stopped when the pressure foot just contacts the test specimen.

vivalent to-a micrometer mav-be used to-measyre thickness—if found-to
HateRt—toaHerometermay-o Sea—+to—MmeasSut tHHEKREessSH &0

L2 " L =]

-

q
«
<
Kol
q

! y-be—u foun
S

Ip-order for test specimens to accurately represent a nominal-thickness, the thickness sha
rheet the tolerances given-in Table 1.

Qther measuring device can be used to measure the thickiess of the test specimen, provide

—

hat the device resolution complies with those specifjed)h 5.8.

The thickness of the 10 specimens shall be m@asured to determine the test specimens se
nominal thickness and identify if any non-conferm specimen is present. Each measured teg
gpecimen thickness shall meet the tolerance®*grovided in Table 1 for the specific thickness rang
Non-conform specimens shall be discardg@and replaced by new conform specimens.

Table 1 —Nominal thickness tolerances

=N

W - —~+

Thickness x Tolerance
mm mm
< 0,02 +10%
0,02 <x<0,05 + 0,005
0,056 <x<0,1 + 0,01
0,1<x<0,2 + 0,02
0,2=x<0,3 + 0,03
0,3<x<0,5 + 0,04
0,5<x<0,6 + 0,05
06=x<30 + 015
3,0<x<86,0 + 0,25
6,0=x<13,0 + 0,40
NOTE—For example, to represent a thickness of 1,5 mm, all
tested specimens should measure between 1,35 mm and
1,65 mm.
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7 Conditioning

71 Requirements

Unless otherwise required by the relevant material specifications or relevant product standards,
the following requirements shall apply.

7.2 Test specimen conditioning

1 - T t o a JC 1A < U t cl U U U 9| a VT U cl t t U U A : t
43 °C £ 2 °C at a relative humidity of 50 % + 10 % (see 1SO 291:2008, Clause 6, Tabte\d,
Glass 2).

.3 Heater wire conditioning

1|0 pieces of un-annealed heater wires to be used for testing shall be placed-in)a conditionin
ghamber for a minimum of 48 h at 23°C +2 °C at a relative humidity, ‘6f 50 % £ 10 9
(bee 1SO 291:2008, Clause 6, Table 2, Class 2).

=)

=)

.4 Test conditions

Al test specimens shall be tested in a laboratory atmosphere having a temperature of 15 °C tp
§5 °C and 75 % or less relative humidity.

§ Test procedure

g.1 Verification of the heater wire
3.1.1 General

Jue to normal variations in metal alloys\it is essential that each spool of heater wire shall bg
erified with respect to its energized resistance according to the following procedure. ;A
athematical relationship exists between the supplied current and power dissipation;-based-op

derformance—under-theverificatiorprocedure. Essentially, the voltage across a known length

df wire is measured over a range of current values to establish the power-current relationship
sed to calculate the test current, /.

OTE It has been found that the variation of electrical resistance within a given spool is not significant. Howevef,
i is—recommended advisable to perform the verification of the wire after a long period of non-use, or once a yeaf.
his procedure—sheoyldyhas been found to be good laboratory practice when performed in a draught-free
environment.

8.1.2 Apparatus-Test circuit for the verification

In addition to the test circuit described in 5.3, a voltmeter is used to measure the voltage over
the heating wire by means of small probes as shown in Figure 5.
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ren
D
1 3\ /2
< 1} C 1—
. L (mm) o
IEC A

Hey Qq/b(

Current connection point

N =

Voltage measuring probes Q‘
v

3] Test wire (1/
/
Figure 5 — Test circuit-arrangement for the heater wire@aﬁbre@n verification

§8.1.3 Determination of the test current, I, G;b

Use a 260 mm-longpiece-of-heaterwire- Mark-itat 5-mm a"rf‘,\.D mm-from-each-end-—Conneqt
t_ e heate eto . ¥ an ETaYally N uch-3 F\ ha c,0..... o a nserted,—resuy aVa 1 Y
_g Mmm ain the Y Attach the ma oltage-me Mna-probe o-the heate e g a¥ 2
Omm ma at each end o—measurethe voltage to within o, 3 hown in aure- 3.
'- cHEe—ahGo ecoa e eRgtn O 1 -e-“.-- e age—pfrobe O—ah—-d cHa -f

Determination of the test curr shall be performed using heater wire length according to th
pecimen thickness to be tested. For specimens having thickness up to 3,0 mm, heater wir
60 mm in length shall be; d. For specimens having thickness more than 3,0 mm and up t
,0 mm, heater wire 280 in length shall be used. For specimens having thickness more tha
,0 mm and up to 1$’mm, heater wire 350 mm in length shall be used.

he heater wire(sfrall be marked at 5 mm and 10 mm from each end. Connect the heater wir
tp the currenttsupply by using only the 5 mm of heater wire length for each end. Connect th
oltmeter @Jring probes to the heater wire at the 10 mm marked point on each end. Measur
nd rec@ he length L of the heater wire between the voltmeter probes to an accuracy g
n@?he measured length L shall meet the value specified in Table 2.

= O W

—h D U D

N

Table 2 — Heat . ification | ‘l

Heater wire length Measured length L
260 mm 240 mm + 0mm/ -1 mm
280 mm 260 mm+0mm/-1mm
350 mm 330mm+0mm/-1mm

The heating wire marking, and connection are shown in Figure 6.


https://iecnorm.com/api/?name=9a3ae849f0edd852cb29c98328385400

IEC TS 60695-2-20:2024 RLV © IEC 2024 - 19 —

Dimensions in millimetre

y
A

1

Y
A
Y

IEC

Hey

1| Heater wire

\S]

Voltage measuring probes

3] Power supply connections

Figure 6 — Heater wire marking and‘\connection

NOTE In Figure 5 and Figure 6 the heater wire is straightened bUt)it can also be inserted in a horseshoe shape
Igop.

pply current levels in increments of 1 A, startingdfrom 1 Aup to 8 A £ 1 %. Maintain the currer
br a minimum of 10 s to achieve thermal equilibrium and record the current and voltage at eac
level.

=h >

g8.1.4 Calculation of test current,J

Hor each measurement—ecaleulate the linear power density shall be calculated according t
ormula (2).

=

W=E*IIL (2

here:

V' = linear power density, W/mm;
= measured voltage, V;

= measured current, A;

S

-+

W
/J
Vi
1
L

—maastradlenath hatween volta
ReasUea+ehRgth—oetwee i \fora

Plot the measured current values as function of the calculated linear power density values to
create a calibration curve as shown in Figure 7. The test current 7 for the specific heater wire
as verified in 8.1, is the current (A) value that corresponds to a linear power density of
0,26 W/mm £ 0,01 W/mm. Annex C describes how to determine the test current /; using a

spreadsheet program.
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Current (A)
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¢ Calibration curve
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T n.\ahbm-gwe)—
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-

0 -
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 04

Power density (W/mm)

IEC

Figure 7 — Calibration curve

8.2 Determination of time to ignite, IT and/ortime-to-drip;-DF

Il test specimens shall be tested within 3 h after having been removed from the conditioning
hamber.

O

Wind the center portion of the test specimen with a heater wire according to 5.5.

mul

reset the power supply at the level that will yield the test current 7, by using a fresh NiCr wir
f 260 mm, 280 mm, or 350 mm, dependingion the thickness of the test specimen.

114

o

NOTE 1 To avoidanvinfluence onthe test current g fresh niece of heater wire is—+t
t +HE=—t +HoavotaahRyHhhdehn A-thetest-curreptaHeshpi Hreater-wWiHeH+s

B e

nreset the power supp
topresettnepowerSsupp

<<

—]

his will yield a linear power density of 0,26 W/mm = 0,01 W/mm. Remove this piece of wir
fter switching off the power supply, once the power supply has been set to the test current /§.

11

Q

lamp the wound test specimen onto the test fixture. The test specimen shall be supported z
past 60 mm above and. in the approximate centre of the bottom of the chamber as shown i
igure 3. Connect.the'free ends of the heater wire to the test circuit in such a way that th
istance between'the test specimen and the electrical connections is as shown in Figure 2 whil
naintaining the ‘'winding angle from the plane perpendicular to the test specimen. Dependin
n the thickness of the test specimen it might be necessary to cut the wire at both ends in orde
b maintain‘a distance of 35 mm to the electrical connection points.

a0

-~ 0 0O O T
= & (U W I —~+

The’ free ends of the wound test specimen may be pushed towards the electrical connectioh
goints, but the angle of the windings must stay in the same angle over the surface of the teg
specimen.

Energize the circuit and immediately start the timing device.

NOTE-2 It is preferable to integrate the timing device in the test circuit so that it starts at the same moment the
circuit has been energized.

longerthan—120-s- The test shall be continued until ignition of the test specimen is observed.
If ignition does not occur within 120 s from beginning of the test, the test shall be terminated.

—
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A minimum sample set of five specimens shall be tested. Depending on the results of this first
set of five specimens a second set of five specimens may need to be tested. See Figure 8
(decision tree).

If the individual times to ignite, IT-and/ortimes-to-drip;—-DTL in the first set of 5 test specimens
are more than 2 adjacent Performance Level Categories (PLC classes, see Annex B) apart,
then a second set of five specimens shall be tested. If the individual test results of the first 5
test specimens are within 2 adjacent PLC classes, then a second set is not needed to be tested.

[{tha firstSetof 5 test Specimens, onty one test Specimen Ignites then a second Set shaltb
tested. If within the second set another time to ignite, IT-or-time-to-drip,— DT is recorded; th
t

mes to ignite, IT-and/or-timesto-drip,—DT from both sets shall be used to calculate“th

dlassification tlme ,#p fc- However, if within the second set aII 5 test specimens do_hot |gn|t

-
a)
-
a)
-
a)
-
5
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Testasetof 5
specimens

Any specimen
ignited or driptime
was noted?

Assign PLC 0

YES

All specimens
ignited

\/
S

OR OR
More than 1

specimen ignited

OR

Only 1 specimen
ignited

None of the 5
specimens ignited

Calculate the average
of the relevant ignition
times and/or the drip
times (if any) of all 5
specimens (discard
the 2120 s if any)

Calculate the average
vEs |of the relevant ignition
| times and/or the drip
times (if any) of all 10
specimens (discard
the 2120 s if any)

Ignition times, or drip
times or the mixed results
differ by 2 PLC’s or more

Test a second set
of 5 specimens

Test a second set of 5
specimens and
calculate the average
of the relevant ignition
times and/or the drip
times (if any) of all 10
specimens (discard

the 2120 s if an NO

Any specimen
dripped without
ignition

YES
Assign PLC D-0

Assign PLC 0

IEC]
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Test a set of 5
specimens

None of
the 5 specimens
ignited

More than
1 specimen
ignited

Only
1 specimen
ignited

Assign PLC 0

No Ignition times
differ by 2 PLC’s
or more

iYes

Test a second
setof 5
specimens

A

Y

Calculate the average
of the ignition times of
all tested specimens
(discard the 2120 s
if any) and assign PLC
level accordingly

2 or more
specimens of
all 10 tested

specimens
ignited

Assign PLCI0

Figure 8- Decision tree

IEC

9 Observations and-measurement

Hor each individual4est specimen, the following data shall be recorded:

Q

recorded«as-having a time to ignite, IT of > 120 s.

O

) a test specimén that-neither-drips—nor-ignites does not ignite within 120 seconds shall b

) the time-to ignite, IT shall be recorded if the test specimen ignites within 120 s.

W

For the purposes of classification, if all tests in a set of five give an IT > 120 s result, then-#, 7¢

is assigned a "> 120 s" value.
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Otherwise, the times to ignite, IT shall be used to calculate the classification time, 7.

10 Evaluation of test results — Assigning an HWI PLC classification

10.1_ Assiani HWOT PLC classifieati

If none of the 5 test specimens in the first set ignite within 120 seconds-and-alse-do-notshow
anhy-dripping (all 5 specimens have been recorded as IT > 120 s-and-DT>120-s), thena PLC 0

hall be assianed
)

All other classifications shaII be based upon the average of the—#ele#am tlmes to |gn|te 1

dndlor-times-to-drip;-DT.

ge Discard any result which is recorded as IT > 120 S.

The classification time,#, ¢, shall be calculated as follows:

Q

) If only a first set of five specimens was needed to complete the test-and all 5 specimen

ignited-er-dripped-without-ignition, without differing by two PLCs or more, the average of all th
relevant times to ignite, IT-and/ortimes-to-drip; BT (see 8.2 and(Clause 9) shall be used t
generate a calculated average. Based on this average a PLC shall be assigned (se

Annex B).

H) If a second set of five specimens has been tested, based)upon the fact that the results g
the first set differed by two PLCs or more or becausg.in the first set only one specime

ignited, the average of the-relevant times to ignite, . JT-and/or-times-to-drip, DT of all te
specimens shall be used to generate the classification time,-#, 7, but with the exclusio

of any IT > 120 s results.

~

w o O W

o0 O =

Brecision-data for this test method wereetollected-in—a nreliminarv _intar-laboratorv—trial T
reciistoR—aata—+or+tHStesStmetoaWere~LohectecHapretharytHter-adofatorytHa—ApL

11 Test report

The test report shall include-the following information:

q) a reference to this Technical Specification;

H) all information(necessary to identify the material tested, including the manufacturer's nams
and type and_colour of the material;

) a description of the method used for the preparation of the test specimens (see 6.1);

) theconditioning of the test specimens (see 7.2);

g
d) the thickness of the test specimens (see 6.2);
€
f

the results of tests (see Clause 9);

g) any deviation from specified conditions; and
h) the-HWCTF HWI PLC Class found according to normative Annex B.
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Annex A
(informative)

Guidance on how to effectively wind
the heater wire on to the test specimen

During the hot wire test, the following phenomena can occur:

o

harm damaae-is - obse ad only at the adas a s necimen 6.6 1q e A h

tends to occur when the heater wire is only in close contact at the edges. LaboraQ
experience has shown that for some materials such wire winding can cause wide vqlaﬁo
in test results.

C) IEC
Figure A.1 - lllustration of ty § behaviour

) Thermal damage is observed across the surfa&rea of a test specimen (see Figure A.2
This tends to occur when the heater wire isg ose contact across the surface of the tes
specimen. Such winding is achieved byQ\s‘r
Laboratory experience has shown that f any materials such pressed winding can caus
a reduced variation in test results. %)

O
C)é IEC

ssing the wound test specimen (see 5.5).

o =

W
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Annex B
(normative)

Hot Wire-ceil Ignition test (HWCT HWI) —
Performance level category (PLC) classes

B.1 General

or a given material, a class shall be assigned based on the average ofrelevant times to ignite
—andiortimes-to-drip;—-DT (as determined in 8.2 and Clause 9) in accordance with the range
pecified in Table B.1.

Table B.1 — Hot Wire-ceil Ignition test (HWCT HWI) — Performance level category (PLC)

classes
HWCT
Time interval /' s HWI
PLC Classes

IT > 120-and-DL>120 0

1> 120 and- DT <120 b-0
tplc =60 -120 1
tplc =30 -59 2
talc =15-29 3
talc =7 —14 4
talc = 0536 5

B.2 Reporting a classification

—]

he performance of a given material shall be reported using a class in the following manner.

-

or example, for a set of 10 test specimens in the 3,0 mm thickness with a classification timeg
h fc, of 76 ssand a PLC class 1:

Y

IEC TS 60695-2-20: HWCTHWI: 1/3,0

7
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Annex C
(informative)

Calibration curve to determine test current (1.) in a spreadsheet program

The determination of /. can be difficult using only the formula as given in 8.1.4. Using a
spreadsheet program has been found useful.

igure C.1T gives an example and explanation on how to calculate IC In a spreadsheet prograni.

I:EXP(INDEX(LINEST(LN(E7:E14);LN(D7:D14);;);1;2))I

[:INDEX(LINEST(LN(E7:E14);LN(D7:D14);;);1)]
=G8*E8/F8! n
Columns in

spreadsheet prograi

dRr?WSt in CALIBRATION OF TESTWIRE FOR THE HOT WIRE IGNITION TEST
spreadsheet program @
| [ oy e g st T W
T — Ao — Votsge | 5201 §p 7
0

bj0.4919
1275 Wimm|0.26

R <4 0 [

ETRRN-Y ' 0.0053 1,007

Sameter 0.3 8 0018 mem 00213 1999

rorminat cons resmtance 108 & 005 Or - mew'sm 0.0802 3014
Formasa 1o Caniiate power Senaty 0.0919 4.053

0
240
240
240
0

WeEWL W = pomer Geraty (W) 0.1392 01 240 0 |

€ = meansred votage (V) 0.2017 6.02 240 [X

1= mesnured cument (A 02818 7.00 240 |

4 = oenwrod tongth of wos g 03615 801 240

=J5(J7)"J6

¥+ 13,2010
Rl

o Qidaaton Curve

Cument (A)
“

026 W/meem
Power (Calbration Curve)

0 0.05 .1 015 02 025 03 035 ol
Power Density (W/mm)
1EQ

Figure C.t —Calibration curve in a spreadsheet program used to determine I
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Table D4 —Results for material 1A

Laboratory Test Laboratory Test
conditions current conditions current
Tech. Lab. t:‘:d °c %RH Amp. Tech. Lab. t::tt:d “c %RH Amp.
1 1 30-8-2017| 235 62,1 6,7 2 1 31-8-2017| 234 72,1 6,7
1 2 8-9-2017| 222 52,7 5,62 2 2 14-9-2017| 227 44,3 6,62
1 3 2-10-2017| 23 47 6,96 2 3 2-10-2017 22 48 6,96
1 4 2-8-2017 22 54 6,73 2 4 9-8-2017 22 55 6,73
Technician 1 data
lab1,Runl Lab 1, Run 2 lab2,Run 1 Lab 2, Run 2 | Lab 3,Run 1 lab3,Run2 | Lab 4, Run 1 Lab4,Run2
IT/s DT/s IT/s DT/s DT/s IT/s OT/s DT/s IT/s OT/s IT/s DT/s IT/s D
17 10 - 10 2120 10 10 11 9 2120 | ~%0,
48 10 - B 14 11 10 13 11 2120 g
23 2120 46 10 2120 11 11 11 10 2120' 710
47 13 - 10 2120 10 12 11 11 gp’ 9
z1liU r+] iU 12U Ed iD i iU ".\_ 3
t3=2120 The required S t1=2120 The required 5 t4=2120 t4=2120 t,=10 ' The tequiredS
PLCD-0 sddtonahests PLC D-0 sddtionaltests PLC D-0 | PLC D-0 [ PLCA Q addionaltess
were not caried out, so weie not caried out, so were not caried out, 50
PLC cannot be det . " FLC cannot be (L FLC cannot be
determined (V determined
4
[Technician 2 data "\Q)

Lab 1, Run 1 Lab 1, Run 2 lab2,Runl |  Lab2,Run2 lab3,Runl | Lab3,Run2 {“~“)ab4,Runl | Lab4,Run2
IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT IT/s DT/s IT/s DT/s
8 - 2120 19 2120 10 10 2120 2120 9 10

7 - 2120 29 11 10 8 2120 2120 9 2120
7 - 2120 52 2120 10 9 2120 21 9 10
9 - 2120 28 2120 9 10 2120 10 2120 2120
Basedonun 1. aretestis required, but only 4 of the t4=2120 W(ZA0~ ta=11 ta=10
requited 5 additional tests were valid (sample #10 was PLC D-0 | ¢ NM PLCA | PLC 4
off spec, widthl No PLC level can be assigned \
Q O IEQ.
A\
Laboratory Test 5\0 Laboratory Test
conditions current A@ conditions current
-
Tech. | Lab. t:::d °c %RH | Amp. Nrech. Lab. t:::: 9 °c %RH | Amp.
1 1 30-8-2017| 231 66,8 6,7 $ 2 1 31-8-2017| 233 66,1 6,7
1 2 14-9-2017| 227 43,6 6,62 6 2 2 8-9-2017| 222 52,7 6,62
1 3 2-10-2017 22 52 6,96 2 3 2-10-2017 23 47 6,96
1 4 2-8-2017| 22 54 2 4 9-8-2017| 22 55 6,73
2
Technician 1 data *
Lab 1, Run 1 lab1l,Run2 | “tab2Runl | Lab2,Run2 |  Lab3,Runl | Lab3,Run2 | Lab4,Runi Lab 4, Run 2
IT/s DT/s IT/s DT/s ks DT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s
2120 2120 18 19 20 18 20 31 21
- 15 2120 21 2120 19 2120 21
2120 2120 18 18 23 2120 20 2120 22
2120 - 20 18 20 20 19 2120 21
t= 4R, =20 =21 422120 t,=19 t4=2120 The requined S
I\ PLC 3 PLC3 PLC D-0 PLC 3 PLC D-0 were not oaried out, <0 FLE
o cannot be determined
O
TechanrNEta
_Aabd Run 1 labl,Run2 | eb2,Runl | ab2,Run2 [ 1eb3,Runl |  Lab3,Run2 Labd,Runl | Lab 4,Run 2 |
DT/s IT/s OT/s IT/s DT/s IT/s OT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s
- - 18 17 17 2 2
2120 - 18 16 17 2120 20 18
- 2120 18 16 2120 2120 2120 2120
- 2120 16 17 2120 19 2120 2120
- 2120 2120 17 18 2120 2120 2120
ta=45 ta=21 ty=18 ty=16 ta=16 ta=21 ty=20
PLC 2 | PLC 3 PLC3 | PLC 3 PLC3 | PLC 3 | PLC 3 |

IEC.
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Laboratory Test Laboratory Test
conditions current conditions current
Tech. | Lab. tg:d °c %RH | Amp. Tech. | Lab. tz:d °c %RH | Amp.
1 1 30-8-2017| 235 68,5 6,7 2 1 31-8-2017] 231 66,9 6,7
1 2 8-9-2017| 22,1 53,5 6,62 2 2 14-9-2017| 22,7 42,5 5,62
1 3 2-10-2017 22 48 6,96 2 3 2-10-2017 22 S0 6,96
1 4 2-8-2017 22 54 6,73 2 4 9-8-2017 22 55 6,73
Technician 1 data
Lab1,Runl Lab 1, Run 2 Lab 2, Run 1 Lab 2, Run 2 Lab 3, Run 1 Lab 3, Run 2 Lab 4, Run 1 Lab 4, Run 2
DT/s IT/s DT/s IT/s DT/s
13 12 10
12 11 11,
13 15 18, \
12 14 N1,
] 12 G-u'
ta=2120 ta=2120
PLC3 PLC4 | PLC4 | PLC D-0 PLC D-0
q l determined
Q‘ *
Technician 2 data N
Lab1,Run 1 Lab 1, Run 2 | leb2,Runi Lab2,Run2 |  Llab3,Runl lab3,Run2 |  Labd, RwnA lab4,Run2 |
IT/s OT/s IT/s DT/s IT/fs DT/s IT/s DT/s ITfs DT/s IT/s DT/s T/ DT/s IT/s DT/s
11 2120 2120 2120 10 2120
10 11 2120 2120 10 10
2120 11 2120 2120 12 11
2120 2120 2120 10 2120 12 2120
11 2120 2120 11 12
ty=12 ty=9 ty=11 ta=12 ty=10 Y. ty=2120 ty=12
PLC 4 | PLC 4 | PLC 4 PLC 4 | PLC 4 “\RIC 4 PLC 4 | PLC 4
Q IEQ.
Mmmﬁz\e%aﬁzs
Laboratory Test Q Laboratory Test
conditions current Q conditions current
Tech. | Lab. t':::: S| e | e | ame. r@~ Lab. :ﬁ; oc | w%mH | Amp.
1 1 30-8-2017 23 68,5 6,7 02 N 1 31-8-2017 234 56,7 6,7
1 2 1-9-2017| 22,6 44,2 6,62 Y\‘JZ 2 8-9-2017( 22,2 53,2 6,62
1 3 2-10-2017 23 47 6,96 \:' 2 3 2-10-2017 22 52 6,96
1 L 2-8-2017 22 54 6,73 ®$ 2 4 5-8-2017 22 55 6,73
.
[Technician 1 data A\
Lab1,Runl Lab 1, Lab 3, Run 1 Lab 4, Run 1 Lab 4, Run 2
IT/s DT/s IT/s
16
2120
2120
2120 25
11 29
— 1-;*. ‘;‘ = -
a ional tests
e i were not carried out, so
PLC cannot be
\dﬂormm.d determined
N\
[Technician 2 m‘
Lab 1, Rog Lab 1, Run 2 Lab 2, Run 1 Lab 2, Run 2 Lab 3, Run 1 Lab 3, Run 2 Lab 4, Run 1 Lab 4, Run 2
IT/s DT/s
19 19
2120 22
=120 23
=120 19
=120 19
The required 5
PLC3 [ PLC 3 PLC 3 | PLC 3 PLC 3 PLC 3 wmaf:““’"f"fs‘s"‘”
PLCcannotbe
determined
IEC.
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Laboratory Test Laboratory Test
conditions current conditions current
Tech. | Lab. .:::d °c %RH | Amp. Tech. | Lab. t::d °c %RH | Amp.
1 1 30-8-2017| 229 69,1 6,7 2 1 31-8-2017| 234 55,2 6,7
1 2 14-9-2017( 226 43,9 6,62 2 2 14-9-2017| 22,2 45,4 6,62
1 3 2-10-2017 22 51 6,96 2 3 2-10-2017 22 49 6,96
1 4 2-8-2017| 22 54 6,73 2 4 9-8-2017| 22 45 6,73
Technician 1 data
Lab 1, Run 1 Lab 1, Run 2 Lab 2,Run 1 Lab 2, Run 2 Lab 3, Run 1 lab3,Run2 | Lab4,Runi | Lab4,Run2
IT/s DT/s IT/s DT/s IT/s DT/s /s DT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s
2120 14 17 2120 19 19
2120 p] 25 \
2120 21 20
15 21 18
=120 Z0 7T [
ty=21 =13 t,=2120 t=17 _ \%=15
PLC3 PLC 4 PLC D-0 PLC3 $ ] pic 3
v
Q."l/
rechnician 2 data . fL
Lab 1, Run 1 lab1,Run2 | Llab2,Runi Lab 2, Run 2 Lab 3, Run 1 lab3,Run2 | tabdRuni | Lab4,Run2
IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s
17
20
=120
tA=20
PLC3
\Q/V IEQ.
Laboratory Test \\Q Laboratory Test
conditions current \ conditions current
Tech. Lab. Date °c %RH Amp. X Lab. Date °c %RH Amp.
tested @d’ tested
1 1 30-8-2017| 22,8 68,8 6.7 s& S 2 1 31-8-2017| 234 54,7 6,7
1 2 14-92017| 223 451 6,62 2 2 14-92017| 22,7 44 6,62
1 3 2-10-2017 22 50 6,96 $ 2 3 2-10-2017 23 47 6,96
1 4 2-8-2017| 22 54 6,734\ 2 4 9-8-2017 22 55 6,73
Technician 1 data \O
Lab 1,Run 1 Lab 1,Run 2 un Lab 2, Run 2 lab3,Run1l | Lab3,Run2 Lab 4, Run 1 Lab 4, Run2

/s | oT/s

2120

IT/s DT/s
=17

ty=22

IT/s DT/s IT/s DT/s IT/s
=16 =16 ta=16

| o | | PLC 3 PLC 3 | PLC 3 PLC 3 PLC 3
;\.
lab1,Run2 | Lab2,Runi | Lab2,Run2 Lab 3,Run 1 Lab 3, Run 2 Lab 4, Run 1 Lab 4, Run 2
ITfs DT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s DT/s IT/s IT/s DT/s
2120 |
t,=19 t,=19 t,=20 t,=18 =25 =24 =15 t,=16
[ PLC 3 | PLC 3 | PLC 3 PLC 3 PLC 3 PLC 3 PLC 3 PLC 3

IEC.
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1A 0,75 = 5 - %\: 4 -
1B 15 - 2 - 2 :"\ 9 - -
2A 0,75 - 2 - & 4 11 -
2B 5 - 4 - | O EER - -
3 45 - 1 - - 1 2 _
4 0.75 - - ‘\-\Q v - 16 - -
N
@
&
4\
xO
O
N
O@
e
Q.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIRE HAZARD TESTING -

Part 2-20: Glowing/hot wire based test methods —

———  Hot-wire-ignition{(HWhtest-method—————

Apparatus, verification, test method and guidance

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisin|
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internation
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end an
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Report
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). The
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt wit
may participate in this preparatory work. International, governmental and non-governmental organizations liaisin
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization fdg
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

S8 J 5. O =Qa

2) The formal decisions or agreements of IEC on technical matters express, ‘as nearly as possible, an internationa
consensus of opinion on the relevant subjects since each technical committee has representation from ajl
interested IEC National Committees.

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

< ()=

4)) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publication
transparently to the maximum extent possible in theit national and regional publications. Any divergence betwee
any IEC Publication and the corresponding nationalor regional publication shall be clearly indicated in the lattef.

= V)

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

<<

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

No liability shall attach to IEC or’its” directors, employees, servants or agents including individual experts an
members of its technical commiftees and IEC National Committees for any personal injury, property damage (
other damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of {the publication, use of, or reliance upon, this IEC Publication or any other IE
Publications.

o S5 O

8)) Attention is drawn-tosthe Normative references cited in this publication. Use of the referenced publications i
indispensable forthe correct application of this publication.

7]

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (4
patent(s). J[ECtakes no position concerning the evidence, validity or applicability of any claimed patent rights i
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), whic
may bewrequired to implement this document. However, implementers are cautioned that this may not represer
the.Jatest information, which may be obtained from the patent database available at https://patents.iec.ch. IE
shall)not be held responsible for identifying any or all such patent rights.

(U~ 3 5 —

—

TetrazardtestmgitTs

I—A o

EC TS 66695-2-20as beenmprepared by tECtechmicatcommittes89:
a Technical Specification.

This fourth edition cancels and replaces the third edition published in 2021. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Removed all text which was related to drip or dripping, since in this 4t edition only ignition
is taken into consideration for determination of the classification level;

b) Title changed: "Hot wire coil test method" is now "Hot wire ignition (HWI) test method".
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The text of this Technical Specification is based on the following documents:

Draft Report on voting

89/1583/DTS 89/1593/RVDTS

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

the above table.

—]

he language used for the development of this Technical Specification is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed i
dccordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement) availabl
gt www.iec.ch/members_experts/refdocs. The main document types developed by IEC ar
described in greater detail at www.iec.ch/publications.

Rart 2 of IEC 60695 consists of the following parts:
Rart 2-10: Glowing/hot-wire based test methods — Glow-wire apparatus and common tes
procedure

Rart 2-11: Glowing/hot-wire based test methods — Glow-wire flammability test method for en
products

Rart 2-12: Glowing/hot-wire based test methods — Glow~wire flammability index (GWFI) tes
method for materials

Rart 2-13: Glowing/hot-wire based test methods —Glow-wire ignition temperature (GWIT) tes
method for materials

Rart 2-20: Glowing/hot-wire based test methods — Hot-wire ignition test method — Apparatus
verification, test method and guidance

Rart 2-21: Glowing/hot-wire based test:methods — Fire containment test on finished units

A list of all parts in the IEC 60695 sefies, published under the general title Fire hazard testing
dan be found on the IEC website.

NOTE The following print types are-used:

ol Terms in bold in the text/arg. defined in Clause 3.

Huture documents in ‘this series will carry the new general title as cited above. Titles of existin
documents in this(series will be updated at the time of the next edition.

The committee has decided that the contents of this document will remain unchanged until th
jlability date indicated on the IEC website under webstore.iec.ch in the data related to th
pecific’"decument. At this date, the document will be

reconfirmed,

W W I

~~

~

W W

e withdrawn, or

e revised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

In the design of any electrotechnical product, the risk of abnormal heat and the potential
hazards associated with abnormal heat need to be considered. In this respect the objective of
component, circuit, and product design, as well as the choice of materials, is to reduce to
acceptable levels the potential risks during normal operating conditions, reasonably foreseeable
abnormal use, malfunction and/or failure. IEC 60695-1-10 [1]1, together with its companion

IEC 60695-1-11 [2], provides guidance on how this is to be accomplished.

The primary aims of IEC 60695-1-10 [1] and IEC 60695-1-11 [2] are to provide guidance\0
How:

Q

) to prevent ignition caused by an electrically energized component part, and

O

) to confine any resulting fire within the bounds of the enclosure of the electrotechnics
product in the event of ignition.

Jecondary aims of IEC 60695-1-10 [1] and IEC 60695-1-11 [2] include theminimization of an

effluents such as heat, smoke, toxicity and/or corrosivity.

The test method provided in this document applies to solid electrieal insulating materials whic
gan provide test specimens. It applies to materials for which thiextest specimen does not deforn
during preparation, especially during the winding of the test specimen with the heater wire a
described in 5.5.

Hxamples of deformation that render this test method inapplicable include:

d) bowing, in either a transverse or a longitudinal direction, or twisting of the test specime
during the winding of the test specimen with'the heater wire, to a degree visible to the eygq
or

d) visible indentation of the test specinmien by the heater wire.

A classification system described inAnnex B can be used for the preselection of materials.

flame spread beyond the product's enclosure and the minimization of thetharmful effects of firg

-

y

U o 2

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

Part 2-20: Glowing/hot wire based test methods —
Hot-wire ignition (HWI) test method -
Apparatus, verification, test method and guidance

Scope

his part of IEC 60695, which is a technical specification, describes a test method that‘applie

tp solid electrical insulating materials of which test specimens can be providéd,"The tes
easures the time required to ignite a test specimen when it is affected by heat from a
lectrically heated wire wound around the test specimen.

0~ O

he test method can be used to provide classifications which can be used‘for quality assurancs
the preselection of materials of products as described in IEC 60695=1-30, or to verify th
required minimum classification of materials used in end products;

D -

Normative references

—

he following documents are referred to in the text in sueh a way that some or all of their conten
onstitutes requirements of this document. For dated.references, only the edition cited applieq.
or undated references, the latest edition of{the referenced document (including an
mendments) applies.

<

50 291:2008, Plastics — Standard atmospheres for conditioning and testing

50 293, Plastics — Compression motilding test specimens of thermoplastic materials

50 294 (all parts), Plastics — lrijection moulding of test specimens of thermoplastic materials

50 295, Plastics — Compression moulding of test specimens of thermosetting materials

50 13943:2017, Fire'safety — Vocabulary

50O 16012, Plastics — Determination of linear dimensions of test specimens

3 Terms and definitions

Horthe purposes of this document, the terms and definitions given in ISO 13943:2017, some qf
which are reproduced below for the user's convenience, as well as the following apply.

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

o |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

abnormal heat

<electrotechnical> heat that is additional to that resulting from use under normal conditions, up
to and including that which causes a fire


http://www.iso.org/obp
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[SOURCE: ISO 13943:2017, definition 3.1]

3.2

classification time

Ic

arithmetic mean of times to ignite, IT, used for the purpose of classification

3.3
combustion
gxothermic reaction of a substance with an oxidizing agent

Note 1 to entry: Combustion generally emits fire effluent accompanied by flames and/or glowing.

[POURCE: ISO 13943:2017, definition 3.55]

3.4
draught-free environment
gpace in which the results of experiments are not significantly affected by-the local air speed

=z

ote 1 to entry: A qualitative example is a space in which a wax candle flame remains essentially undisturbed.
uantitative examples are small-scale fire tests in which a maximum air speed,0f 0;1 m-s™' or 0,2 m-s™! is sometimeis
pecified.

(e

[POURCE: ISO 13943:2017, definition 3.83]

3.5
end product
groduct which is ready for use

Note 1 to entry: An end product can be a componentof another end product.

—

SOURCE: IEC 60695-4:2012, definition\3.2.7]

3.6

fjre effluent
gll gases and aerosols, including suspended particles, created by combustion or pyrolysis and
gmitted to the environment

[POURCE: ISO 13948:2017, definition 3.123]

3.7
re hazard
dotential for harm associated with fire

-

Note, 1 to entry: Alternatively, fire hazard can be a physical object or condition with a potential for an undesirable
cpnsequence from fire.

[SOURCE: ISO 13943:2017, definition 3.131]

3.8

ignition

sustained ignition (deprecated)
<general> initiation of combustion

[SOURCE: ISO 13943:2017, definition 3.217]
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3.9

preselection

process of assessing and choosing candidate materials, components or sub-assemblies for
making an end product

[SOURCE: IEC 60695-1-30, definition 3.5]

3.10

time to ignite
17
time elapsed after the start of a test when ignition of the test specimen is observed to occut

4 Principle

A rectangular bar-shaped test specimen is supported horizontally on a test fixture (an exampl
df a test fixture is shown in Figure 1 and Figure 3). The centre portion is wound with a coil @
Heater wire as shown in Figure 2. A constant current is applied to the cail,»which rapidly heat
up and the behaviour of the test specimen is observed. The time to ignite, 77 shall be recorded.

U= D

IEC

Figure 1 — Test fixture arrangement (example)
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Dimension in millimetres

IEQ

Key

1| Test specimen

Heater wire

Electrical connection point

Distance to electrical connection points (= 35 mm)

gD ow N

Distance between all 5 windings (30,5 to 32,5 mm)

Figure 2 — Test specimen winding pattern

tn

Apparatus

1 Test chamber

he test chamber consists of avlaboratory fume hood/chamber having an inside volume of 4
I¢ast 0,5 m3. The test chamber shall provide a draught-free environment. The test chambsg
hall permit observationofithe test in progress. The inside surfaces of the walls shall be a dar
olour. The test chamber shall have an ambient light level not exceeding 20 lux. For safety an
onvenience, it is.desirable that this test chamber (which can be completely closed) is fitte
ith an extraction~device, such as an exhaust fan, to remove the fire effluent which may b
tpxic. The extraction device, if fitted, shall be turned off during the test and turned o
immediately,after the test. A positive closing damper may be needed.

=2 U O X — —~+

.2 Heater wire

hevheater wire shall be a Nickel/Chromium wire, having a nominal composition of > 77 % Ni
and (20t 1 % Cr), having a nominal diameter of (0,5 +0,016) mm and a length of 260 mm
(+ 10 mm, — 0 mm).

NOTE 1 NiCr (> 77 % Ni/ 20 + 1 % Cr) heater wire has a nominal cold resistivity of (1,08 + 0,05) x 10" Q-m.

NOTE 2 The Nickel/Chromium wire is also known as NCHW1 according to JIS C 2520 and NiCr8020 according to
DIN 17470 Werkstoffnummer 2.4869, or as specified in ASTM D3874.

NOTE 3 The length of wire may need to be adapted as follows: 280 mm (+ 10 mm, — 0 mm) for specimens with
thicknesses between > 3 mm and < 8 mm; and 350 mm (+10 mm, -0 mm) for specimens with thicknesses between
>8 mmand £ 13 mm.
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5.3 Power supply and test circuit

A constant current DC power supply which can provide a constant current of at least 8 A and a
power of at least 150 W shall be used to energize the heater wire. The supply circuit shall have
the following capabilities.

a) There shall be a means for measuring the current through the test circuit with an accuracy
of £ 0,2 %;

b) All electrical connections for the heater wire shall be capable of transmitting the test current
without cignifir‘ant loss and shall not mpr‘hnnir‘nlly affect the test specimen during the test

d) A voltmeter shall be provided to measure the voltage using small probes as shown-inh
Figure 5.

=3

The test circuit shall be provided with an on-off switch for cutting off the test circuit.current (fo
safety reasons).

NOTE An AC power supply is also suitable to drive the set constant current.

8.4 Test specimen fixture

>

n example of a test specimen fixture is shown in Figure 3. Two supporting posts positionef
0 mm £ 2 mm apart shall be provided with hold-down clamps ta-support the test specimen in
horizontal and flat position.

Q =~

Dimensions in millimetrejs

0S5

(X “ l-/l

[958 PRx
ol

///

IEC

Key
1 Chamber surface
Test specimen fixture

Distance between the two supporting posts

A W0 N

Distance between the top and bottom of the supporting post

Figure 3 — Test specimen fixture (example)

5.5 Test specimen winding and pressing

The heater wire shall be wound around the test specimen centred along the longitudinal axis of
the specimen by hand or by using a winding device.
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Five windings shall be applied using a force of (5,40 + 0,02) N, equally distributed, with a pitc

h

of (6,3 £ 0,2) mm. In practice the five windings on the test specimen shall be evenly spread

over the test specimen which shall result in a distance of between 30,5 mm and 32,5 mm a
shown in Figure 2. An example of a winding device is shown in Figure 4.

S

Figure 4 — Heater wire winding de\Q/Q)(Example)

winding is done manually, the first winding point at tI@\test bar shall be calculated accordin

|
tp Formula (1) and marked on the test specimen. QQ

(125,0 mg\@\so,s mm)/2 (1

%
(\

Hor a test bar of 125,0 mm in Iengi@zé nowing that the total distance between the 5 winding
ghould be between 30,5 mm and & mm, the first winding point shall start at 47,25 mm fron
dne of the test bar ends. \
NOTE 1 Thin specimens can und by supporting the specimen on one side with a steel bar which has the sam|
S
t

ze as the test specimen an hlckness at which the steel does not bend. The steel bar needs to be removed prig
tthe test, taking care :\& énsure that the spacing of the windings on the specimen are not affected. When th

7]

ecimen is pliable and

cl

eformation of ﬁe test specimens during preparation is to be kept to an absolute minimum.

Exampleﬁ?‘defcrmation are:

bowing, in either transverse or longitudinal directions, or twisting during the winding proces
a degree visible to the eye, or

eptible to indentation, the steel bar can also be used on both sides of the test specimen.

=]

= O

— visible indentation of the wound wire into the edges of the test specimen.

The wound part of the wire should be in good contact with the test specimen.

This is achieved by pressing the wound test specimen between two stiff surfaces; pressing them

together with enough force sufficient to flatten the wire on to the test specimen surface.

NOTE 2 It has been found useful to use boards made of pinewood that are flat and smooth and having a minimum

thickness of 10 mm, and to apply a pressing force of approximately 150 N.

NOTE 3 See informative Annex A for guidance on properly wound test specimen.
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5.6 Conditioning chamber

The conditioning chamber shall be maintained at 23 °C +2 °C at a relative humidity of
50 % £ 10 %.

5.7 Timing device

The timing device shall have a resolution of 0,5 s or less.

5_0 Micramaotor
o4 WITCTOTITCTCOT

Tlhe micrometer shall have a resolution of

Q

) 0,01 mm or less for test specimens with a thickness of 0,25 mm or greater; and

O

) 0,001 mm or less for test specimens with a thickness less than 0,250 mm.
5.9 Measuring scale

Tlhe measuring scale shall be graduated in millimetres.

g§ Test specimens

6.1 Test specimen preparation

—_

0 test specimens shall be prepared.

When tests are carried out on materials for preselection purposes, they shall be conducted oh
uncoloured test specimens or on normally supplieéd coloured test specimens.

—]
1=

est specimens shall be cut from a representative test specimen of the material (sheets or en
roducts) or shall be cast, or injectionsmoulded in accordance with 1ISO 294, compressio
houlded in accordance with ISO 293.0or ISO 295, or transfer moulded to the necessary shape|

ol
=)

-

I

fter any cutting operation, carecshall be taken to remove all dust and particles from the surfac
nd cut edges shall be fine sanded to a smooth finish.

1%

.2 Test specimen dimensions

his test method applies to moulded or sheet materials available in nominal thicknesses of up
tp and including™13“mm.

est specimens shall be 125 mm + 5 mm long by 13,0 mm £ 0,5 mm wide.

he preferred thicknesses for preselection purposes include 0,4 mm, 0,75 mm, 1,5 mm angd
,0umm. Other thicknesses may be used by agreement between the interested parties and if sq,
=Y

PN TN
Sfrffait o

anatedinth toct ranao -t
C TTUtCuU 1 uic 1ot TUpPYUT L.

Test specimens having thickness up to 3,0 mm shall be tested using the nominal 260 mm length
of wire.

For test specimens having thickness more than 3,0 mm and up to 8,0 mm the length of the wire
to be used shall be 280 mm.

For test specimens having thickness more than 8,0 mm and up to 13,0 mm the length of the
wire to be used shall be 350 mm.

NOTE Some materials can be tested at lower thicknesses, depending on the rigidity of the test specimens. As long
as the test specimens do not deform during winding, the test method is applicable.
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