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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIRE HAZARD TESTING -

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

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comprjising

aJl national electrotechnical committees (IEC National Committees). The object of IEC is to promote ‘internat]
cp-operation on all questions concerning standardization in the electrical and electronic fields.|{To this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Ref
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC{PRublication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested’in the subject dealf
ay participate in this preparatory work. International, governmental and non-goverpmental organizations lia|
ith the IEC also participate in this preparation. IEC collaborates closely with thé nternational Organizatig
tandardization (ISO) in accordance with conditions determined by agreement’between the two organizatio

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

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made“to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for, the way in which they are used or for
isinterpretation by any end user.

Im order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tlansparently to the maximum extent possible in their natiohal and regional publications. Any divergence bet
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

IEC itself does not provide any attestation of ¢onformity. Independent certification bodies provide confo
apsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
services carried out by independent certification bodies.

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

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

ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatio
indispensable for the eorrect application of this publication.

ttention is drawn.to the possibility that some of the elements of this IEC Publication may be the subject of p
rights. IEC shallknot be held responsible for identifying any or all such patent rights.

IEC|TS 60695-2-21 has been prepared by IEC technical committee 89: Fire hazard testing.
a Technical Specification.
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Draft Report on voting

89/1554/DTS 89/1561A/RVDTS

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 Technical Specification 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

des

cribed in greater detail at www.iec.ch/publications.

This publication has the status of a Technical Specification in accordance with IEC Guide 104

and

ISO/IEC Guide 51.

NOTE The following print types are used:

terms defined in Clause 3: in bold type.

A lidt of all parts in the IEC 60695 series, published under the general title Fire hazardtesiing,
can|be found on the IEC website.
The|committee has decided that the contents of this document will remain unchanged until the
staljility date indicated on the IEC website under webstore.iec.ch in the data related to|the
speg¢ific document. At this date, the document will be
e freconfirmed,
e withdrawn,
e feplaced by a revised edition, or
e amended.
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

Fires might create hazards to life and property as a result of the generation of heat (emission
of heat on fire hazard), and also as a result of the production of toxic effluent, corrosive effluent
and smoke (fire effluents on the fire hazard). Fires start with ignition and then can grow, leading
in some cases to flash-over and a fully developed fire. Resistance to ignition is therefore one
of the most important parameters of a material to be considered in the assessment of a fire
hazard.

Most current fire hazard assessment techniques evaluate the resistance to ignition
cha :

drive the preselection and validation of materials and components but are not able to eval
the [possible interaction of materials or components in a complex environment such\as
finighed unit, once a fire event is initiated.

In a|fault condition, a finished unit might be subject to the overheating of electrical connect|ons
and|contacts. Such overheating can be caused by corrosion, poor crimp cefbections, incofrect
asseémbly, erosion of contact surfaces, or mechanical fatigue. Insulating” materials that|are
overheated can ignite and cause fire.

It is|difficult to simulate the actual conditions of potential faults in*finished units; thereforg all
possible fire hazards should be taken into account at the design-stage and subsequently during
the preselection of materials and components.

Thig fire containment test has been developed to verify. if a finished unit is able to contain an
intefnal fire event, generated by combustible parts {gnited by a simulated overheated electfical
conpection.
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FIRE HAZARD TESTING -

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

Scope

Thig
met
gen

Unlgss otherwise specified by the relevant product standard, determination of the

con

The
con

Thig
finis

The
spe

The
con
For

part of IEC 60695, which is a Technical Specification, specifies a fire containment
hod for finished units. It is intended to verify the capability of containing of a-fire’ e
brated by an effective ignition source inside a finished unit.

ainment described in this document does not apply to any of the following:

A\ single electrical component;
\ single electrical component when incorporated into a finished unit;

Electrical installation products such as distribution boafds, circuit protection devi

test
ent

fire

ces,

Ewitchgear, controlgear, cable management system anhd- electrical accessories (wiring

evices).

test method described in this document doesy\‘not apply to the following elect
hections:

rical

L ow-power electrical connections contained.in finished units, where the maximum pqwer

hrough the connection does not exceed 15 W.

Soldered and welded electrical connections are exempted from the evaluations of
jocument.

this

document is intended to beCused for evaluating the capability of fire containment of

shed units, during the selection of finished units and in the design of finished units.

requirements, test method or test conditions of this document will not apply unjess

Cifically referred to.orincluded in the relevant publications.

Normative references

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

stitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including

am\.

ndments) annlias
R8RS+ -

ies.
any

IEC 62368-1:2018, Audio/video, information and communication technology equipment —
Part 1: Safety requirements

ISO

13943:2017, Fire safety — Vocabulary
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

31 L
chepsecloth
blegched cotton cloth of approximately 40 g/m2

[SOURCE: IEC 62368-1:2018, 3.3.6.2, modified — Deleted the Note to entry]

3.2
draught-free environment
spage in which the results of experiments are not significantly affected-by the local air speed

Note|1 to entry: A qualitative example is a space in which a wax candle flame remains essentially undistufbed.

Quartitative examples are small-scale fire tests in which a maximum air spéedof 0,1 m-s~" or 0,2 m-s~" is somefimes
specffied.

[SOURCE: ISO 13943:2017, 3.83]

3.3
efthive ignition source
t

poténtial ignition source that has been provéd to be able to initiate combustion of surrounding
insulating material or combustible parts

Note|1 to entry: The proving methodology is‘defined by the test specified in 8.6.

3.4
encjosure
<elgctrotechnical> externalcasing protecting the electrical and mechanical parts of appargtus

Note|1 to entry: The term_excludes cables.

[SOURCE: ISO 13948:2017, 3.93]

3.5
finr:’Thed unit
complete unit which is designed to stand alone, usable by an end-user and having a direct
fundtioffor the end-user

Note 1 to entry: It is intended to be placed on the market and/or taken into service as single unit.

Note 2 to entry: Electrical installation products such as distribution boards, circuit protection devices, switchgear,
controlgear, cable management system and electrical accessories (wiring devices) are not considered to be finished
units.
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process of combustion characterized by the emission of heat and fire effluent and usually
accompanied by smoke, flame or glowing or a combination thereof

Note

1 to entry: In English language the term "fire" is used to designate three concepts, two of which rela

te to

specific types of self-supporting combustion with different meanings. Of these three, two of them are designated
using two different terms in both French and German.

[SOURCE: ISO 13943:2017, 3.114, modified — The domain <general> has been deleted.]
3.7

flame, noun

rapif, self-sustaining, sub-sonic propagation of combustion in a gaseous medium, usually

emi
[SO

3.8

ignition
DERRECATED: sustained ignition
initigtion of sustained flame

[SO

3.9
low

eledtrical connection where the power dissipated.at the connection does not exceed 15 W

Note

the dlectrical connection must exceed 60 W. This is based on the maximum power transfer theorem that shows
an ellectrical connection can only dissipate one-fourth of the power delivered to a resistive load when the resist

of th

3.1(
non-combustible material

not
con

EXA
cons

[SO

3.11

potﬁntial ignition source

eledtn

[SO

4

4.1

The

4.2

5sion of light

URCE: ISO 13943:2017, 3.159]

URCE: ISO 13943:2017, 3.218]

power point

1 to entry: To dissipate more than 15 W at an.gelectrical connection, the power delivered to a resistive loa|

b connection is equal to the resistance ofthe load.

capable of undergoing “¢combustion (see 1SO 13943:2017, 3.55) under specified
jitions

MPLE According to, the test method described in this document, steel, glass, ceramic and concrets
dered examples of non-combustible materials.

URCE: ISO.13943:2017, 3.282, modified — Added “test]

with

d via
that
lance

test

are

URCE: IEC 62368-1:2018, 3.3.9.1, modified — Deleted “PIS” and “location”]

Test specimen

General

test specimen is a finished unit.

Verification of potential ignition sources

Before carrying out any tests on the test specimen, it is necessary to identify electrical
connections and verify if these are potential ignition sources as described in 8.2 to 8.6.
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4.3 Test conditions

The test conditions shall not be significantly different from those occurring when the finished
unit is operated according to the intended use as specified by the manufacturer, taking into
account 8.3. However, the test specimen shall be de-energized during the test with the factors
identified in 8.3 supplied by an external power source. It is acceptable to have limited
modifications to the test specimen and to the potential ignition source in order to allow access
of the heating wire and the related supply wires. Such modifications should not be expected to
have any significant effect on the test results.

5 [Festapparatus
5.1 Nickel-Chromium wire (NiCr wire)

The| heating wire shall be a Nickel/Chromium wire (NiCr wire), having a nominal composition
of > 77 % Ni and 20 = 1 % Cr, having a nominal diameter of 0,81 mm £ 0,05 mm (20 AWQG), a
minimum length of 100 mm and a resistance at ambient temperature between 15 °C and 3% °C
of (0,22 £ 0,05) Q per 100 mm length.

NOTE Nickel/Chromium wire is also known as NiCr8020.
5.2 | Test circuit

The| NiCr wire is heated by a constant current poweér “supply having minimum output
characteristic of 0 A to 15 A. The circuit shall contain‘.a current measuring device which
indicates a true RMS value having an accuracy of + 2;5.% or more accurate.

5.3 Connections

Du€| to the high currents involved, it is essential that all electrical connections for the NiCr Wire
are [capable of carrying the current withoutvaffecting the performance or long-term stability of
the |circuit. Connections between the NiCr wire and the supply wires shall be made uping
nontinsulated straight butt splices, ceramic screw terminals or similar means provided that they
are made of non-combustible material.

5.4| Cheesecloth

Cheesecloth is used toevaluate the possible spread of fire outside of the test specimen during
the test in 8.7.

If not otherwise.specified in the relevant product standard, cheesecloth shall be as specified
in 3|1.

NOTE The Project Team is aware of the existence of several different types of ignition indicators on the mgrket.
Product committees are welcome to replace the currently described cheesecloth by other types. Product commiftees
using différent ignition indicators than the described are kindly invited to provide their feedback on the type of igpition
indicator and its general behavior, when used according to this test method, to the Project Team, in order to be taken
into account for the future revisions of this document.

5.5 Test chamber

The test chamber shall provide a draught-free environment and shall be provided with suitable
means allowing the observation of specimen during the test of 8.6 and 8.7 and ensuring to meet
the testing conditions defined in 7.3 at the start of the test. The volume of the test chamber
shall be adequate to contain the test specimen and to ensure that oxygen depletion does not
significantly affect the results.
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It is recommended that the test chamber is fitted with an extraction device, such as an exhaust
fan, to remove products of combustion which might be toxic. If fitted, the extraction device shall
be switched off during the test and switched on after the test to remove fire effluents.

NOTE Examples of suitable means allowing the observation of specimen are windows and video-cameras.

5.6
The

6

Timing device

timing device shall have a resolution of 0,1 s or less.

For
sha
the

The

7

7.1

\ L H H FH £ &l INH o) H
voriroudativirl VTt UUIv INTul WITC

each new spool of NiCr wire, the electrical resistance of 100 mm £ 1 mm NiCr\wire
| be measured at an ambient temperature between 15 °C and 35 °C before conhetcting
supply wires.

resistance shall comply with the requirements of 5.1.

Conditioning

Conditioning of the test specimen

Unlg¢ss otherwise specified in the relevant product standard, the test specimen shal

con
rela

7.2

The
15 9

7.3

Tes
15 ¢

ive humidity less than or equal to 75 %.

Conditioning of the cheesecloth

cheesecloth shall be conditioned for 24.h in an atmosphere having a temperature betw
C and 35 °C and a relative humidity_less than or equal to 75 %.

Testing condition

s shall be executed in a test chamber as described in 5.5, having a temperature betw
C and 35 °C and a relative humidity less than or equal to 75 % at the start of each

Before each test, the test chamber shall be ventilated in order to ensure complete extractig

any

NOT
fore

8

8.1

fire effluent produeced from previous tests.

E In order to ensure complete extraction, it has been found useful to establish a minimum time of ventil
hch test chamber 'based on the chamber volume and the volumetric flow rate of the exhaust system.

Testprocedure

Flow chart

cut,
it to

be

jitioned for 24 h in an atmosphere having a temperature between 15 °C and 35 °C and a

een

een
est.
n of

Ation

A flow chart of the test procedure is shown in Figure 1.
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S.2
Identification of
potential ignition
sources

YN

e
End - No test
on the
connection

Soldered or
welded
connection?

S.2a)
Low-power
points
(3.12)?

S.2b)

Combustible S3 No
materials in 3rd dashed
cylindrical volume item load
evaluation?

(Annex A)?

S.2
Connection
identified
as potential
ignition source

S4
Application of
the NICr wire
o~ -~

8.5 Evaluation according to Figure 2 kY
7 85p) e i
86a) 85b) 8.5¢) '
Insulating-material | Yes __|Connection provides| Yes | One side ofthe |[No 8.5d) No !
cavity size from #| main mechanical ?| connection is not # Non-insulated i
2,5mm to 9,9 mm support accessible connection i
I | — -~ i
IN| IN| AV AV !
“ 1 ’.,

Annex B
Internal coil
winding
method

Annex C
External coil
winding
method

IEC

Figure 1 — Test procedure flow-chart (7 of 2)
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Annex C Annex B
External coil Internal coil
winding winding
method method

8.6
Potential ignition
source verification

Yes 8.6
Non-insulated

single terminal?

8.6
Ignition of
insulating
material?

8.6
Is there any
doubt about
result?

End - No test
on the finished
unit

Connection identified

8.7
Test specimenfire
containment
verification

8.8a),b), c)
Other factors
potentially
affecting test
results?

End - End -
Finished unit Finished unit
do not pass pass the

10
Ignition of
wrapping
tissue?

IEC
Figure 1 (2 of 2)

8.2 Identification of potential ignition sources

All electrical connections within the test specimen shall be evaluated to identify the potential
ignition sources.

Soldered and welded connections are exempted from this evaluation.
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An electrical connection is identified as potential ignition source if all the following conditions
are met:

a) The connection is not a low-power point;

b) Combustible material is located within a cylindrical volume of 50 mm height and 20 mm in
diameter placed above the electrical connection, according to the evaluation of Annex A and
taking also into account the third dashed item of 8.3.

Are exempted from this evaluation: the connections on small components on printed circuit
boards, such as diodes, transistors, resistors, inductors, integrated circuits and capacitors
not directly connected to the supply mains.

A lidt of all identified potential ignition sources shall be reported (see Clause 9).

The| electrical connections identified as potential ignition sources shall be ‘verified as
des¢ribed in 8.5.

All ¢lectrical connections that are not identified as potential ignition sources are exempted
from testing.

8.3 | Factors affecting test

The|specimen operating conditions shall be considered regarding their likelihood to influgnce
the fest results.

The|following are considered as factors potentially affecting test results:

— {he test specimen is equipped with a forced ventilation system.
— {he test specimen is equipped with a rotatingdevice or a motor.

- load might be placed into or on the {ést specimen when it is operated according to| the
ntended use as specified by the manufacturer that could result in combustible parts moying
nside the cylindrical volume described in Annex A, where these materials are not in|the
ylindrical volume without the load application.

If the test specimen is affectedi-by any of the above factors the test shall be performed as
des¢ribed in 8.7 and then repéated according to the following:

- the test specimentis equipped with a forced ventilation system that has an influence on
he airflow surrounding the identified potential ignition source or effective ignition
ource, it shalllbe-operated under its normal operating conditions but using a power supply
ndependent of the test specimen.

— |f the testispecimen is equipped with a rotating device or a motor that has an influencg¢ on
he airflow surrounding the identified potential ignition source or effective ignition
ource, it shall be operated under its normal operating conditions but using a power supply
ndependent of the test specimen.

— [Fthetest specimen can incorporate a load when it is operated according to the intended
use as specified by the manufacturer, the maximum load declared by the test specimen
manufacturer or an applicable load described by the relevant product standard shall be
incorporated.

8.4 Application of NiCr wire

In a test, a potential ignition source identified in accordance with 8.2 is subject to the
application of NiCr wire as described in 8.5.

If more than one potential ignition source has been identified, multiple connections may be
independently evaluated within the same finished unit, provided that they are located such
that they do not influence the outcome of the test. Each connection shall be evaluated using
one independent NiCr wire, since reuse of the NiCr wire could lead to different results due to
the possible oxidation of the wire surface and there will be a test for each connection.
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Supply wires to the NiCr wire shall be supported and strain-relieved to prevent movement of

the

NiCr wire during test.

Once applied, the NiCr wire shall not touch materials other than the potential ignition source

sub

ject to the application.

Examples of supply wires fixation methodologies are provided in Annex D.

If, after testing, the NiCr wire is found completely moved or displaced from the original location,

the

8.5

test shall be repeated on a new electrical connection.

Selection of NiCr wire application methodology

NiCf wire is applied to the identified potential ignition sources according to the following

the

The|NiCr wire is applied as specified in Annex C if the potential ignition source meets an
following.
Electrical connections having the maximum cross-sectional dimension of the insula

a)

b)

d)

material cavity less than 2,5 mm or more than 9,9 mm in width and height as show
Figure 2;
NOTE 1 By “maximum cross-sectional dimension” is meant the largerdimension of the insulating material d

hlong its axes in width and height.

nsulated single terminal electrical connections, where the electrical metal part prov
nain mechanical support function for the connection;

Fxamples of this case are provided in Figure C.4.

NOTE 2 By “main mechanical support function” is meant that the removal of the metal part will res
isplacement of the electrical connection insulating'material from its original position.

nsulated single terminal or multi terminal electrical connections, where one of the two s
pf the electrical connection is not aecessible;

A\n example of this case is provided in Figure C.5.

NOTE 3 Examples for these conhection types are, terminals where one side is molded or embedded into
materials, and cases were to~apply the NiCr wire as internal coil major modification of the test specime
eeded, potentially affecting the test result.

Non-insulated single\terminal electrical connections.
A\n example of this‘case is provided in Figure C.3.

The|NiCr wire shall be applied as specified in Annex B to insulated electrical connections ha

the
9,9

maximupmeross sectional dimension of the insulating material cavity between 2,5 mm
mm in-width and height as shown in Figure 1.

y of

ting
n in

avity

des

it in

des

bther
are

ving
and

If ngt otherwise specified by the relevant product standard, for multiple electrical connect
grouped and insulated within the same insulating material, only one electrical connection is
subject to the application of the NiCr wire. The subject connection should be the one which is
more likely to propagate the flame.

ons

In case it is not possible to apply the NiCr wire as specified in Annex B due to mechanical or
dimensional limitations, then the NiCr wire shall be applied to the potential ignition source as

spe

cified in C.2.
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Keys
W)

The

Insplating material

(o
2,5

IEC

Maximum width in mm, of the insulating material cavity

Maximum height in mm, of the insulating material cavity

Figure 2 — Insulating material cavity cross sectional dimensions

8.5a) 8.5b)
Connection provides | No
main mechanical

support

8.5¢)
One side of the

connection is not
accessible

8.5d)
Non-insulated
connection

according td

vity size from
Annex B

mm to 9,9 mm

8.6

Prio
surr
as f

Potential ignition sources that are non-insulated single terminal electrical connections
Cribed-in.8.5 d) are considered as effective ignition sources, therefore are exempted from

des
this

No

|

1

NiCr wire applied (¢ !

»  according to !

AnnexC | = e e cc e e c e e e e e e e e ——-
In case of mechanical or dimensional limitations impairing the
application according to Annex B

Figure 3 — NiCr wire*application methodology selection flow-chart

Potential ignition source verification

punding the identified potential ignition source can be ignited by the applied NiCr
Dllow.

verification and shall be tested directly on the test specimen as described in 8.7.

flow-chart of Figure 3 summarizes the NiCr wire application methodology selection procgss.

NiCr wire applied

IEC

r to carrying out thetest as specified in 8.7, it shall be verified if the insulating material

ire,

as

If there is any doubt concerning the test results, repetition of the test is required. The amount
of retests shall be decided by the product committee. The test shall be repeated with
replacement of the insulating material of the connection.

The potential ignition source shall be tested separately from the test specimen, applying the
NiCr wire as described in 8.4 and 8.5. Care should be taken to keep the orientation of the
ignition source the same as in the test specimen.
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CAUTION:

Precautions shall be taken to safeguard the health of personnel conducting tests
against

1) The risk of explosion, burning or fire;

2) The risk of burns and electric shock;

3)[ The inhalation of smoke and/or foxic products; and

4)| The risk of toxic residues

A cyrrent of (14,0 £ 0,5) A is supplied to the NiCr wire within 2 s from the_application of sugply,
aftel which it is maintained at this value until completion of the test. If diring the test ignition
is observed, the duration of flaming in seconds shall be recorded (seé(Clause 9).

If ngt otherwise specified by the relevant product standard, the-test is terminated after 20{min
or once all insulating material has been consumed, whichevel isfirst.

the pame NiCr wire application method identified in 8(5\and considering the identified potential

If igElition is observed, then test is carried out on the testspecimen as described in 8.7, using
ignition source as effective ignition source.

If nq ignition of the insulating material is observed, and there is any doubt about the result| the
poténtial ignition source is not considered(to be an effective ignition source and there is no
neef to test.

NOTE The potential ignition source test can be used to determine if a component is not an effective ignftion
sourge. If such determination is made, thescomponent can be appropriately classified in the component end prgduct
standard.

8.7| Test specimen fire containment verification

Tesis shall be performed on each identified effective ignition source, one at a time.

Testing should be.conducted on a complete test specimen. However, if it is necessary to renfove
parts of an enclesure or to modify the test specimen in order to perform the test, care should
be teken to @nsure that the fire scenario is not significantly changed.

Examples’of factors that can significantly change the fire scenario are:

— Air flow around the test area;
— Stress concentrations such as edges, bosses, ribs;
— Additional material that can support combustion.

Unless otherwise specified in the relevant product standard, the top, bottom and all sides of the
test specimen shall be completely covered by a single layer of cheesecloth. A mechanical
means, such as small pieces of metal foil adhesive tape, shall be used to secure the
cheesecloth to the test specimen enclosure.

If for the application of NiCr wire, some components / parts of the test specimen enclosure are
removed, these shall be repositioned according to the initial test specimen design, prior to the
application of the cheesecloth.
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023

After application of the NiCr wire to the identified effective ignition source, as identified in 8.5,
the current to the NiCr wire is increased from 0 Ato 14,0 A £ 0,5 A in a period of less than 2 s
after which it is maintained at this value until completion of the test.

If not otherwise specified by the relevant product standard, the test is terminated after 20 min

or if

ignition of the cheesecloth is observed.

If no ignition is detected within 20 min, the current shall be removed from the NiCr wire. If
ignition of the effective ignition source is detected, the test current shall be held constant

until burning of

the O 3 > O O A€ © €4 3 S8 €€ RetHSRee—as—Soon

as gossible. If the NiCr wire fractures prematurely, the test shall be repeated on a new samnple.

9 |Observations and measurements

9.1 Initial observations

Thelfollowing items shall be recorded:

a) A description of the tested test specimen;

b) A list of all the electrical connections of the test specimen;

c) [for each electrical connection if it is or is not a low-power’point;

d) For all electrical connections that are not low-power points, if combustible parts|are
bbserved in the area above the connection, as described in Annex A and 8.3, third daghed
tem;

e) A list of all identified effective ignition sources;

f) ['he electrical resistance of NiCr wire at ambient temperature for each series of performed
ests;

g) [The length of the NiCr wire used for;each test performed and the application methodo|ogy
hccording to Annex B or Annex C;

h) Pictures or technical design/ptoduction drawings showing the locations of the ident(fied
potential ignition sources-and effective ignition sources within the test specimen; and

i) Pictures showing appli¢ation of the NiCr wire to the identified potential ignition sources
hnd effective ignition sources.

9.2| Test observations

9.21{ Duringsthe time of the tests described in 8.6, the following observations shall be

recqrded:

a) Whether or not ignition occurred and, if so, the duration of flaming in seconds; and

b) [heétotal test duration.

9.2.2 During the time of tests described in 8.7, the following observations shall be recorded:

a) Whether or not burning of the cheesecloth occurred;

b) The total test duration; and

c) Pictures showing the test specimen and cheesecloth after test.

10

Evaluation of test results

The test specimen is considered to have passed the test if no burn of the cheesecloth occurred,
as indicated by the broken threads of the cheesecloth.
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Browning of the cheesecloth is acceptable provided that all individual threads are unbroken.
Cheesecloth fibres might become brittle after exposure to heat. Care shall be taken to prevent
breakage of fibres during inspection.

11

Test report

The test report shall include the following information:

a)
b)
c)
d)

e)

g)

12

When referencing this test method, technical committees should indicate the following det§

A reference to this Technical Specification;

descrintion of the test snecimen includina tvne and manufacturer:
Lad L J J ki

The conditioning of the test specimen and the test conditions (see Clause 7);

Electrical characteristics of the identified potential ignition sources and effective igni
bources;

For each identified effective ignition source, type and characteristics of combustible p
ocated within a cylindrical volume 50 mm high and 20 mm in diameter aboye the conned
according to the evaluation of Annex A and 8.3, third dashed item.

For each identified potential ignition source, if ignition occurred.at the time of the t
Hescribed in 8.6 and if so, the related duration of flaming in seconds; and

All test observations and the test results.

Information to be given in the relevant product:standard

The type and description of the test specimen;
Any deviation from the specified NiCr wirezapplication methods;

Any different conditioning ranges or conditions of the test specimen, from those spec
n this standard;

Any different or additional factor that could affect test results and related verificg
methodology, from those specified in 8.3.

Any specific exemption for'the application of this test method.

tion

arts
tion,

psts

Is:

fied

tion
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Annex A
(normative)

Interpretations of the location of the cylindrical volume

The cylindrical volume referred to in 8.2 is 50 mm height and 20 mm in diameter.

The cylinder shall be placed above the center of each connection and on top of any combustible
parts that are supporting current carrying connections as shown in Figure 3, Examples 1 to 3.

In case—of-non-insulated-connections—the cviinder shall be placed above the center of geach
7 4 Lig

connection zone and directly on top of current carrying conductors as shown in FigufeA.1,
Examples 4 to 6. The cylinder shall project through all metallic and combustible materials I{ “C”
is metallic and is intended to act as barrier to “D”, then the adequacy of the barrier,shall be
verified by application of the test described in 8.7.

L N - ] D. | i i
C : I _ C \{ : I H c [
e B p— “o——

S - N ot
B +—1 | | PRAN |
-7’: S— —— ) -l 7 _ﬁ_

/o : 7

A | A I A// :

IEC IEC IEc
Example 2 Example 3
Dy b
1 : ]

Example 4

Keysg

IEC

IEC

Example 5

Example 6

A = Center of the connection zone

B = Combustible material supporting current carrying connection

C = Metallic or combustible material

D = Metallic or combustible material

Figure A.1 — Examples of the location of the cylindrical volume
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Annex B
(normative)

NiCr wire application methods - Internal coil winding method

General

To apply the NiCr wire as internal coil the following procedure is used:

a)
b)

c)
1

d)

B.2

In o
con
vari

NOT
cavit

prep

Whg
mat

for testing and a new insulating material)'sample shall be used.

Bas
app

B.3

Bas
the
Figu

The

ne metal electrical connection shall be removed from the insulating materials;

he insulating material internal cavity shall be prepared for NiCr insertion as describe
B.2;

A\ NiCr wire coil having the same length of the removed metal electrical connéction sha
ormed as described in B.3;

'he formed NiCr wire coil shall be inserted into the insulating material\internal cavity
hen connected to the supply wires before testing.

Insulating material cavity preparation

rder to permit the application of the NiCr wire coil, aftér removal of the metal elect
nection from the insulating material, due to possible insulating material cavity dimens
btion, modify the cavity by a drill bit to prepare it for the NiCr coil insertion.

E  Cavity modification by use of a drill bit is intended to_create homogeneous dimensions of insulating ma
y, removing material portions that might interfere with NiCr coil insertion and ensuring that the gap betwee
hred NiCr coil and the insulating material is not excessive, avoiding movement of the coil once heated.

n modifying the insulating material cavity, care shall be taken to not break the insulg
erial. If due to modification procedure, the insulating material breaks, it shall not be |

ed on the removed metal electrical connection maximum cross-sectional dimension,
ropriate drill bit shall be uséd, as specified in Table B.1.

NiCr wire coil.preparation

ed on the removed metal electrical connection maximum cross-sectional dimension,
NiCr wire around the threads of a winding tool having the characteristics as specifie
res B.140°B.4 and Table B.1.

resulting NiCr wire coil shall have same length as the removed electrical connection.

d in
| be

and

rical
ons

erial
h the

ting
sed

the

vind
d in
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Threpd information

Majof diameter: X +0,1

Minof diameter: Y 0,1

Distgnce between threads: 3,175 £0,05

Figure B.1 — Winding tool
Table B.1 — Drill bit and winding tool dimensions
Electrical Winding toel dimensions (mm)
connection
maximum cross- Drill bit diameter
sectional Shaft diameter Threads diameter
dimension
(mm) (mm) X) (Y)

2,5t02,9 3,5 1,2 3,2
3,0t0 3,4 4,0 1,7 3,7
3,5t03,9 4,5 2,2 4,2
4,0to 4,4 5,0 2,7 4,7
4,510 4,9 55 3,2 5,2
50to 5,4 6,0 3,7 5,7
5,5t05,9 6,5 4,2 6,2
6,0 to 6,4 7,0 4,7 6,7
6,5 to 6,9 7,5 5,2 7,2
7,0 to.7,4 8,0 5,7 7,7
7,5t0.7,9 8,5 6,2 8,2
8;0'to 8,4 9,0 6,7 8,7
8,510 8,9 9,5 7,2 9,2
9,0t0 9,4 10,0 7,7 9,7
951090 10 5 82 10.2
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Insulating material
after cavity modification
(after application of drill bit)

Insulating material
after cavity modification
(after application of drill bit)

Insulating material
before cavity modification

Insulating material
before cavity modification

3%

Nz
fl:\ ’ IEC

Figure B.2 — Example 1 of NiCr wire coil applicati@

Modified insulating Modified insulating Modified insulatin % Modified insulating mater{a
material cavity material cavity material mating p mating part cavity
(top view) (bottom view) (top view (bottom view)

\b IEC

O
N\
Figure — Example 2 of NiCr wire coil application

.

Insulating material.- O Insulating material Insulating material Insulating material
before cavity modificati after cavity modification before cavity modification after cavity modification
(top view . (top view) (bottom view) (bottom view)

Application of NiCr wire coil on modified
insulating material

IEC

Figure B.4 — Example 3 of NiCr wire coil application


https://iecnorm.com/api/?name=1b82e1811f6af375ce9924fd23a01f2e

CA

—24 —

Annex C
(normative)

IEC TS 60695-2-21:2023 © IEC 2023

NiCr wire application methods — External winding method

General

Electrical connections identified according to 8.5, points a), b) and c), shall apply the NiCr wire
as described in C.2.

Non
the

C.2
Win
dist
and
and
Len

Exa

Exa

NiCr wire as described in C.3.

Insulated connections winding method

d the NiCr wire externally over the entire length of
hnce between windings shall be 4,0 mm £ 1 mm. Int
the insulating material surface shall be maintained,
3 of Figure C.1 and Figure C.2.

jth of the used NiCr wire shall be reported, as specifi

Example 1 — acceptable

-insulated single terminal electrical connections identified according to 8.5 d) s%m(/g

mples 1 and 3 show an acceptable external windéof the insulating material.

mples 2 and 4 show an unacceptable exter@vinding of the insulating material.

bply
y\’.
0
o
the insulatin terial surface. [The

imate conta&)éetween the NiCr wire

as far actical. See Examplg¢s 1

O
eoq\n(q(/g.m

Example 2 — unacceptable

IEC

Figure C.1 — Single connection insulating material external winding — Side View
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Example 3 — acceptable Example 4 — unacceptable

\$\

Figure C.2 — Single connectionﬁ?@sulating material external winding — Front view
xO
Non-insulated con %ons winding method

mable and electrically insulating tape or sleeve prior to the application of the NiCr wir

-insulated single te inal electrical connections shall be insulated by application of a
ent any electriéﬁrt-circuit with NiCr wire.

ve. %

wire isﬁd as described in C.2, winding the NiCr wire over the non-flammable tape or

d Q,e NiCr wire over the entlre Iength of the insulated electrical connectlon The distg

bet

o I
VUUII VVIIIUIIIHO OIIGII VT -I‘ U LS I LILLLLLE) IIILIIIIGLU UUIILGUL UULVVCUII I.IIU I‘CIUI VVIIU GIIU

insulating tape or sleeve surface shall be maintained as far as practical.

Length of the used NiCr wire shall be reported as specified in 9.1.

IEC

on-
, to

nce
the
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