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—HOUSEHOLD AND SIMILAR ELECTRICAL APPLIANCES = SAFETY =

Part 1: General requirements

INTERPRETATION SHEET 1

This interpretation sheet has been prepared by IEC technical ‘committee 61: Safety| of
holisehold and similar electrical appliances.

The text of this Interpretation Sheet is based on the following/documents:

Draft Report on voting

61/5999/DISH 61/6009/RVDISH

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

INTRODUCTION

Edjtion 6 of IEC\60335-1:2020 defines and introduces requirements for a detachaple
poyer supply_part of an appliance. In the document, 24.2 prohibits the use of a powyer
supply in aflexible cord.

QUESTION:

Does Subclause 24.2 prohibit the use of a detachable power supply part?
ANSWER

No, a "detachable power supply part" is a defined term and is not captured by the term
"power supply" as used in Subclause 24.2.

NOTE A detachable power supply part is captured by the defined term when the output of the power supply
part is detachable from the class Ill construction part of the appliance at:

— the power supply part, or

— the class Il construction part of the appliance.

However, the supply cord (if any) does not have to be detachable from the detachable power supply part.

ICS 13.120; 97.030
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HOUSEHOLD AND SIMILAR ELECTRICAL APPLIANCES -
SAFETY -

Part 2-96: Particular requirements for flexible

sheet heating elements Tor room heating

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end

Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). T
preparation is entrusted to technical committees; any IEC National Committee intergsted in the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati

nterested IEC National Committees.

EC Publications have the form of recommendations for intepnational use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are-made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible, for the way in which they are used or for
misinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw|
pny |IEC Publication and the corresponding natiopal-or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
pssessment services and, in some areas,~access to |IEC marks of conformity. IEC is not responsible for
services carried out by independent certifieation bodies.

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

No liability shall attach to IEC opits directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
pther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
expenses arising out of thepublication, use of, or reliance upon, this IEC Publication or any other IEC Publicati

ndispensable for the correct application of this publication.

FC draws attention'to the possibility that the implementation of this document may involve the use of (a) paten
EC takes no.pesition concerning the evidence, validity or applicability of any claimed patent rights in resj
hereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which

be required to implement this document. However, implementers are cautioned that this may not represent

hot,be held responsible for identifying any or all such patent rights.

ing
nal
and

n addition to other activities, IEC publishes International Standards, Technical Specificatiohs, Technical Repqrts,

heir
ith
ing

ith the IEC also participate in this preparation. IEC collaborates closely with.'the International Organizatior| for
Standardization (ISO) in accordance with conditions determined by agreement_between the two organization.

nal

consensus of opinion on the relevant subjects since each technical committee has representation from all

nal
EC
any

lons
een
ter.

mity
any

and
B or
And
ons.

Attention is drawn to-the' Normative references cited in this publication. Use of the referenced publicationp is

(s).
ect
may
the

atest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC ghall

s extended version (EXV) of the official IEC Standard provides the user with the f

content of the Standard.

ull

IEC 60335-2-96:2024 EXV includes the content of IEC 60335-2-96:2024, and the references
made to IEC 60335-1:2020.

The specific content of IEC 60335-2-96:2024 is displayed on a blue background.
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IEC 60335-2-96 has been prepared by IEC technical committee 61: Safety of household and
similar electrical appliances. It is an International Standard.

This third edition cancels and replaces the second edition published in 2019. This edition
constitutes a technical revision.

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

edi

a)

tion:

alignment with [EC 60335-1:2020;

b)
c)

Th

Full information on the voting for its approval can be found in thereport on voting indicateg

the

Th

Th
acq
at

deg

A
ele

Th

amendments unless that edition precludes it; in that case, the latest edition that does
clude it is used. It was established on the basis of the sixth edition (2020) of that standafd.

pre

NO

Th

that publicationtinto the IEC standard: Particular requirements for flexible sheet heat

ele

WH
far

conversion of some notes to normative text (Clause 1, 5.2, 7.12.101);
correction to reinstate the touch current limit in 22.105.

b text of this International Standard is based on the following documents:
Draft Report on voting
61/7279/FDIS 61/7304/RVD

above table.
b language used for the development of this International‘Standard is English.

s document was drafted in accordance with ISOAEC Directives, Part 2, and developed

www.iec.ch/members_experts/refdocs. The main document types developed by IEC
cribed in greater detail at www.iec.ch/publications.

ist of all parts of the IEC 60335 series, under the general title: Household and sim
ctrical appliances — Safety, can be feuind on the IEC website.

s part 2 is to be used in «¢onjunction with the latest edition of IEC 60335-1 and

E 1 When "Part 1" is_ mentioned in this standard, it refers to IEC 60335-1.

s part 2 supplements or modifies the corresponding clauses in IEC 60335-1, so as to cony

ments foraoom heating.

en a-particular subclause of Part 1 is not mentioned in this part 2, that subclause applies|
as’is-feasonable. When this standard states "addition", "modification" or "replacement”,

in

ordance with ISO/IEC Directives, Part 1 and ISONEC Directives, IEC Supplement, availaple

Aare

flar

its
not

ert
ng

as
the

rel

pvant text in Part 1 is to be adapted accordingly

NOTE 2 The following numbering system is used:

subclauses, tables and figures that are numbered starting from 101 are additional to those in Part 1;

unless notes are in a new subclause or involve notes in Part 1, they are numbered starting from 101, including

those in a replaced clause or subclause;

additional annexes are lettered AA, BB, etc.

NOTE 3 The following print types are used:

requirements: in roman type;
test specifications: in italic type;

notes: in small roman type.
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Words in bold in the text are defined in Clause 3. When a definition concerns an adjective, the adjective and the

ass

ociated noun are also in bold.

The following additional differences exist in the countries indicated below.

1: Flexible sheet heating elements that are cut on site are not allowed (France).

7.12.1 c): The instructions in timber floors shall state that the heating unit is to be covered
with additional insulation, be supplied through an isolating transformer, or be class Il

(Sweden).

The committee has decided that the contents of this document will remain unchanged until the

stalbility date indicated on the IEC website under webstore.iec.ch in the data related to
specific document. At this date, the document will be

NO
org
whi

reconfirmed,
withdrawn, or

revised.

[E 4 The attention of National Committees is drawn to the fact that equipment manufacturers and tes|
hnizations can need a transitional period following publication of a new, amendedvor revised IEC publicatio
Ch to make products in accordance with the new requirements and to equip themselves for conducting ne

revised tests.

Itis
not

the recommendation of the committee that the content of this publication bejadopted for implementation nation
earlier than 12 months or later than 36 months from the date of publication.

the

king
hin
or

ally

th
of

IMPORTANT — The "colour inside” logo on the/cover page of this document indicat

at it contains colours which are considered.to be useful for the correct understandi
its contents. Users should therefore print'this document using a colour printer.

s
g
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INTRODUCTION to IEC 60335-1:2020

It has been assumed in the drafting of this International Standard that the execution of its
provisions is entrusted to appropriately qualified and experienced persons.

Guidance documents concerning the application of the safety requirements for appliances can
be accessed via TC 61 supporting documents on the IEC website —

www.iec.ch/tc61/supportingdocuments

This information is given for the convenience of users of this International Standard and~dges
nof constitute a replacement for the normative text in this standard.

This standard recognizes the internationally accepted level of protection against"hazards suich
as lelectrical, mechanical, thermal, fire and radiation of appliances when operated as in normal
USI taking into account the manufacturer's instructions. It also covers abnormal situations that

cap be expected in practice and takes into account the way in which electromagnetic
phé¢nomena can affect the safe operation of appliances.

This standard takes into account the requirements of IEC 60364 as.far as possible so that there
is compatibility with the wiring rules when the appliance is connected to the supply maips.
Hojwever, national wiring rules may differ.

is applied to each function separately, as far as is«easonable. If applicable, the influencg of

If tge functions of an appliance are covered by differentparts 2 of IEC 60335, the relevant part 2
ong¢ function on the other is taken into account.

Throughout this publication, when "part 2. is mentioned, it refers to the relevant part| of
IEG 60335.

WHen a part 2 standard does not include additional requirements to cover hazards dealt with in
Part 1, Part 1 applies.

NOTE 1 This means that the technical committees responsible for the part 2 standards have determined that |t is
not| necessary to specify partjcular requirements for the appliance in question over and above the gengral
reqylirements.

This standard is a product family standard dealing with the safety of appliances and takes
prgcedence over horizontal and generic standards covering the same subject.

NOTE 2 Horizontal publications, basic safety publications and group safety publications covering a hazard are[not
applicable since they have been taken into consideration when developing the general and particular requiremgnts
for the IEC.60335 series of standards.

Individual countries may wish to consider the application of this standard, as far as

the classification of the appliance according to Clause 6 and specifying whether the appliance
is operated attended or unattended. Consideration should also be given to particular categories
of likely users and to related specific risks such as access to live parts, hot surfaces or
hazardous moving parts.

An appliance that complies with the text of this standard will not necessarily be considered to
comply with the safety principles of this standard if, when examined and tested, it is found to
have other features which impair the level of safety covered by these requirements.


http://www.iec.ch/tc61/supportingdocuments
https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

-10 - IEC 60335-2-96:2024 EXV © |IEC 2024

An appliance employing materials or having forms of construction differing from those detailed
in the requirements of this standard may be examined and tested according to the intent of the
requirements and, if found to be substantially equivalent, may be considered to comply with this
standard.

NOTE 3 Standards dealing with non-safety aspects of household appliances are:
— IEC standards published by TC 59 concerning methods of measuring performance;
— CISPR 11, CISPR 14-1 and relevant IEC 61000-3 series standards concerning electromagnetic emissions;

— CISPR 14-2 concerning electromagnetic immunity;

FEG-standardspubhshedby o oconcerning-envirenmentalmatiers

o
PSS eaB YT o166 REe R G
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INTRODUCTION to IEC 60335-12-96:2024

It has been assumed in the drafting of this International Standard that the execution of its
provisions is entrusted to appropriately qualified and experienced persons.

Guidance documents concerning the application of the safety requirements for appliances can

be

accessed via TC 61 supporting documents on the IEC website

https://www.iec.ch/tc61/supportingdocuments
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constitute a replacement for the normative text in this standard.

s standard recognizes the internationally accepted level of protection against hazards s
electrical, mechanical, thermal, fire and radiation of appliances when operated as in nor
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complywith the safety principles of the standard if, when examined and tested, it is found
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u51 taking into account the manufacturer's instructions. It also covers abnoermal situations t

nomena can affect the safe operation of appliances.

s standard takes into account the requirements of IEC 60364 as.far as possible so that th
compatibility with the wiring rules when the appliance is connected to the supply mai
wever, national wiring rules can differ.

n appliance within the scope of this standard alsorsinecorporates functions that are cove
another part 2 of IEC 60335, the relevant part 2/sapplied to each function separately,
as is reasonable. If applicable, the influencefl,0f"one function on the other is taken i
ount.

't 1, Part 1 applies.

E 1 This means that the technical committees responsible for the part 2 standards have determined that
necessary to specify particular requirements for the appliance in question over and above the gen
lirements.

s standard is a product family standard dealing with the safety of appliances and tal
cedence over horizontal and generic standards covering the same subject.

[E 2 Horizontal publieations, basic safety publications and group safety publications covering a hazard are
icable since they have been taken into consideration when developing the general and particular requiremq
he IEC 60335«series of standards.

appliance that complies with the text of this standard will not necessarily be considereg

ecother features which impair the level of safety covered by these requirements.

en a part 2 standard does not include additional requirements to cover hazards dealt with i
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An appliance employing materials or having forms of construction differing from those detailed
in the requirements of this standard may be examined and tested according to the intent of the
requirements and, if found to be substantially equivalent, may be considered to comply with the

sta

ndard.

NOTE 3 Standards dealing with non-safety aspects of household appliances are:

IEC standards published by TC 59 concerning methods of measuring performance;
CISPR 11, CISPR 14-1 and relevant IEC 61000-3 series standards concerning electromagnetic emissions;
CISPR 14-2 concerning electromagnetic immunity;

IEC standards published by TC 111 concerning environmental matters.
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HOUSEHOLD AND SIMILAR ELECTRICAL APPLIANCES -
SAFETY -

Part 1: General requirements

Scope
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tage being not more than 250 V for single-phase installations and 480.\xfor ot
fallations including direct current (DC) supplied appliances.

xible sheet heating elements are converted into heating units that are_incorporated in

rards is achieved.

bntion is drawn to the fact that

in many countries, different wiring rules apply;

for heating units intended to be used in vehicles or-on-board ships or aircraft, additioj
requirements can be necessary;

in many countries, additional requirements are specified by the national authorities for

the national authorities responsible for theiprotection of labour and similar authorities.
s standard does not apply to

heating units intended exclusively’for industrial purposes;

heating units intended to beused in locations where special conditions prevail, such
the presence of a corrosive or-explosive atmosphere (dust, vapour or gas);

blankets, pads, clothingand similar flexible heating appliances (IEC 60335-2-17);
foot warmers and heating mats (IEC 60335-2-81);

heated carpets ;aand for heating units for room heating installed under removable fl
coverings (IEC60335-2-106);

flexible sheet'heating elements incorporated in other appliances.

Normative references

Th

s part of IEC 60335 deals with the safety of flexible sheet heating elements intended to
incorporated into floors and walls below 1,2 m and above 2,3 m and in ceilings, their rated

her

the

Iding in accordance with the instructions after which the required level|of protection against

nal

fire

protection, the national authorities for buildifig regulations, the national health authorities,

as

por

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

ent

constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any

am

endments) applies.

IEC 60034-1, Rotating electrical machines — Part 1: Rating and performance

IEC 60061-1, Lamp caps and holders together with gauges for the control of interchangeability
and safety — Part 1: Lamp caps

IEC 60065:2014, Audio, video and similar electronic apparatus — Safety requirements

IEC 60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat
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IEC 60068-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling shocks,
primarily for equipment-type specimens

IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state

IEC TR 60083, Plugs and socket-outlets for domestic and similar general use standardized in

me

mber countries of IEC
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[ 60085:2007, Electrical insulation — Thermal evaluation and designation

L 60112:2003, Method for the determination of the proof and the comparative tracking indi
bolid insulating materials
[ 60112:2003/AMD1:20091

60127 (all parts), Miniature fuses

60227 (all parts), Polyvinyl chloride insulated cables of rated voitages up to and includ
D/750 V

[ 60227-5:2011, Polyvinyl chloride insulated cables of «ated voltages up to and includ
D/750 V — Part 5: Flexible cables (cords)

[ 60238, Edison screw lampholders
[ 60245 (all parts), Rubber insulated cables:<'Rated voltages up to and including 450/75

[ 60252-1:2010, AC motor capacitors —Part 1: General — Performance, testing and ratin
fety requirements — Guidance for installation and operation
[ 60252-1:2010/AMD1:20132

L 60309-2, Plugs, socket-oltlets and couplers for industrial purposes — Part 2: Dimensio
brchangeability requirements for pin and contact-tube accessories

60320 (all parts)Appliance couplers for household and similar general purposes

L 60320-1, Appliance couplers for household and similar general purposes — Part 1: Gene
uirements

[ 60320-2-3, Appliance couplers for household and similar general purposes — Part 2
bliancé couplers with a degree of protection higher than IPX0

res

ing
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IEC 60320-3, Appliance couplers for household and similar general purposes — Part 3: Standard
sheets and gauges

IEC 60364-7-701, Low-voltage electrical installations — Part 7-701: Requirements for special

ins

tallations or locations — Locations containing a bath or shower

IEC 60384-14:2013, Fixed capacitors for use in electronic equipment — Part 14: Sectional
specification — Fixed capacitors for electromagnetic interference suppression and connection

1

There exists a consolidated edition 4.1:2009 that includes edition 4 and its Amendment 1.

2 There exists a consolidated edition 2.1:2013 that includes edition 2 and its Amendment 1.
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to the supply mains
IEC 60384-14:2013/AMD1:20163

IEC 60417, Graphical symbols for use on equipment

IEC 60445:2017, Basic and safety principles for man-machine interface, marking and
identification — Identification of equipment terminals, conductor terminations and conductors

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)

IE

60529:1989/AMD1:1999
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IE(
I1E(

1E(
De
cof

1E(
Pri

IEC
Us

IEC
Co

IE(

IE(
Glq

IEQ
win]

.

IE(
Wil

.

IE(

IEC
— A

[ 60529:1989/AMD2:20134

[ 60598-1:2014, Luminaires — Part 1: General requirements and tests
60598-1:2014/AMD1:20175

60603-11, Connectors for frequencies below 3 MHz for use with printed\boards — Part
fail specification for concentric connectors (dimensions for free gonnectors and fi
hnectors)

[ 60664-1:2007, Insulation coordination for equipment within l6w=voltage systems — Par;
hciples, requirements and tests

L 60664-3:2016, Insulation coordination for equipmentiwithin low-voltage systems — Par
b of coating, potting or moulding for protection against-pollution

[ 60664-4:2005, Insulation coordination for eqGipment within low-voltage systems — Par;
nsideration of high-frequency voltage stress

L 60691, Thermal-links — Requirements @nd application guide

L 60695-2-11:2014, Fire hazard testing — Part 2-11: Glowing/hot-wire based test method
w-wire flammability test method for end-products (GWEPT)

[ 60695-2-12, Fire hazard-testing — Part 2-12: Glowing/hot-wire based test methods — GI(
e flammability index (GWFI) test method for materials

[ 60695-2-13, Fire~hazard testing — Part 2-13: Glowing/hot-wire based test methods — GIq
e ignition température (GWIT) test method for materials

[ 60695-10-2, Fire hazard testing — Part 10-2: Abnormal heat — Ball pressure test

60695-11-5:2016, Fire hazard testing — Part 11-5: Test flames — Needle-flame test meth

11:
ed
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pparatus, confirmatory test arrangement and guidance

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
flame test methods

3 There exists a consolidated edition 4.1:2016 that includes edition 4 and its Amendment 1.

4 There exists a consolidated edition 2.2:2013 that includes edition 2 and its Amendment 1 and Amendment 2.

5 There exists a consolidated edition 8.1:2017 that includes edition 8 and its Amendment 1.
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IEC 60730-1:2013, Automatic electrical controls — Part 1: General requirements
IEC 60730-1:2013/AMD1:20156

IEC 60730-2-8:2018, Automatic electrical controls — Part 2-8: Particular requirements for

ele

ctrically operated water valves, including mechanical requirements

IEC 60730-2-9:2015, Automatic electrical controls — Part 2-9: Particular requirements for
temperature sensing controls
IEC 60730-2-9:2015/AMD1:20187
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60730-2-10, Automatic electrical controls for household and similar use — Part_2-
rticular requirements for motor-starting relays

[ 60738-1, Thermistors — Directly heated positive temperature coefficient — Part’1: Gene
pcification

L 60799, Electrical accessories — Cord sets and interconnection cord sets

[ 60884-1:2022, Plugs and socket-outlets for household and similar purposes — Part
heral requirements

[ 60906-1, IEC system of plugs and socket-outlets for holtisehold and similar purpose
t 1: Plugs and socket-outlets 16 A 250 V a.c.

60934, Circuit-breakers for equipment (CBE)
[ 60990:2016, Methods of measurement of {ouch current and protective conductor currern

[ 60999-1:1999, Connecting devices —<Electrical copper conductors — Safety requireme
screw-type and screwless-type clamping units — Part 1: General requirements and partict
uirements for clamping units for cefductors from 0,2 mmZ2 up to 35 mmZ (included)

L 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurem
hniques — Electrostatic diseharge immunity test

L 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurem
hniques — Radiated; radio-frequency, electromagnetic field immunity test

L 61000-4-45Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurem
hniques, = Electrical fast transient/burst immunity test

L 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurem

bric
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|

~

nts
lar

ent

ent

ent
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hniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement

tec

hniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-11:2020, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measure-
ment techniques — Voltage dips, short interruptions and voltage variations immunity tests for
equipment with input current up to 16 A per phase

6
7

There exists a consolidated edition 5.1:2015 that includes edition 5 and its Amendment 1.

There exists a consolidated edition 4.1:2018 that includes edition 4 and its Amendment 1.
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IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) - Part 4-13: Testing and
measurement techniques — Harmonics and interharmonics including mains signalling at a.c.
power port, low frequency immunity tests
IEC 61000-4-13:2002/AMD1:2009

IEC 61000-4-13:2002/AMD2:20158

IEC 61000-4-34:2005, Electromagnetic compatibility (EMC) — Part 4-34: Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity

tes

ts for equipment with input current more than 16 A per phase

IEC 61000-4-34:2005/AMD1:20099
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power supply units and trgnsformers for switch mode power supply units
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61032:1997, Protection of persons and equipment by enclosures — Probes for verificati

61058-1:2016, Switches for appliances — Part 1. General requirements

[ 61058-1-2:2016, Switches for appliances — Part 1-2: Requirements_fof electronic switch

L 61180, High-voltage test techniques for low-voltage equipfient — Definitions, test
cedure requirements, test equipment

L 61210, Connecting devices — Flat quick-connectiterminations for electrical cop
pductors — Safety requirements

[ 61558-1:2017, Safety of transformers, reactaers, power supply units and combinati
reof — Part 1: General requirements and tests

L 61558-2-6:2009, Safety of transformers; reactors, power supply units and similar produ
supply voltages up to 1 100 V — Rart 2-6: Particular requirements and tests for saf
ating transformers and power supply units incorporating safety isolating transformers

[ 61558-2-16:2009, Safety of transformers, reactors, power supply units and similar produ
supply voltages up to 1 100 V — Part 2-16: Particular requirements and tests for switch mq

[ 61558-2-16:2009/AMD1:2013 10

61770, Electricvappliances connected to the water mains — Avoidance of backsiphoné

62133£132017, Secondary cells and batteries containing alkaline or other non-a
ctrolytes — Safety requirements for portable sealed secondary cells, and for batteries ma
m them, for use in portable applications — Part 1: Nickel systems

L 61058-1-1:2016, Switches for appliances — Part 1-1: Requirements for meehanical switches
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IEC 62133-2:2017, Secondary cells and batteries containing alkaline or other non-acid
electrolytes — Safety requirements for portable sealed secondary cells, and for batteries made
from them, for use in portable applications — Part 2: Lithium systems

IEC 62151, Safety of equipment electrically connected to a telecommunication network

8 There exists a consolidated edition 1.2:2015 that includes edition 1 and its Amendment 1 and Amendment 2.

9  There exists a consolidated edition 1.1:2009 that includes edition 1 and its Amendment 1.

10 There exists a consolidated edition 1.1:2013 that includes edition 1 and its Amendment 1.
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IEC 62471:2006, Photobiological safety of lamps and lamp systems

IEC 62477-1, Safety requirements for power electronic converter systems and equipment —
Part 1: General

IEC 62821 (all parts), Electric cables — Halogen-free, low smoke, thermoplastic insulated and
sheathed cables of rated voltages up to and including 450/750 V

ISO 178, Plastics — Determination of flexural properties

IS% 179-1, Plastics — Determination of Charpy impact properties — Part 1: Non-instrumen
impact test

IS® 180, Plastics — Determination of 1zod impact strength

ISQ 527 (all parts), Plastics — Determination of tensile properties

ISO® 1463, Metallic and oxide coatings — Measurement of coating thickness — Microscop
mejthod

IS® 2178, Non-magnetic coatings on magnetic substrates — Measurement of coating thickne

— Magnetic method

1S(
ind

1S(
for

1S(
gu

1S(
arg

1S(

1S(

1S(
Spé

D 2768-1, General tolerances — Part 1: Tolerances for linear and angular dimensions with
ividual tolerance indications

D 3864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design princip
safety signs and safety markings

D 4892-1:2016, Plastics — Methods efiexposure to laboratory light sources — Part 1: Gene
dance

D 4892-2: 2013, Plastics — Methods of exposure to laboratory light sources — Part 2: Xen
lamps

D 7000, Graphical symbols for use on equipment — Registered symbols

D 8256, Plastics—+ Determination of tensile-impact strength

pcimens>subjected to a small flame

fed

cal
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put
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D 9772, (Cellular plastics — Determination of horizontal burning characteristics of small

IS

9773, Plastics — Determination of burning behaviour of thin flexible vertical specimens

in

contact with a small-flame ignition source

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:

IEC Electropedia: available at http://www.electropedia.org/

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


http://www.electropedia.org/
http://www.iso.org/obp
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When the terms "voltage" and "current" are used, they are RMS values, unless otherwise
specified.

When the term "earthing" is used, it means "protective earthing", unless otherwise specified.

3.1 Definitions relating to physical characteristics

3.11
rated voltage
voltage assigned to the appliance by the manufacturer

3.1.2

ratpd voltage range
voltage range assigned to the appliance by the manufacturer, expressed by its lowerand upper
limjts

3.1.3

working voltage
m%imum voltage to which the part under consideration is subjected”when the appliancg is
supplied at its rated voltage and operating under normal operation, with controls and
sw|tching devices positioned so as to maximize the value

Note 1 to entry: Working voltage takes into account resonant voltages!

Note 2 to entry: When deducing the working voltage, the effect of transient voltages is ignored.

3.1.4
rated power input
poyer input assigned to the appliance by the manhufacturer

Note 1 to entry: If no power input is assigned to thé.appliance, the rated power input for heating appliances gnd
bined appliances is the power input measured when the appliance is supplied at rated voltage and opergted

rated power input range
power input range assigned:tosthe appliance by the manufacturer, expressed by its lower and
upper limits

3.1.6
rated current
cufrent assigned.to the appliance by the manufacturer

If no current is assigned to the appliance, the rated current is the current measured when|the

rat uency
frequency assigned to the appliance by the manufacturer

3.1.8

rated frequency range

frequency range assigned to the appliance by the manufacturer, expressed by its lower and
upper limits

3.1.9

normal operation

operation of the heating unit after incorporation into the building in accordance with the
instructions.
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Flexible sheet heating elements, the current of which can vary depending on the length of the
flexible sheet heating elements and those that can supply other flexible sheet heating
elements are loaded so that the current marked on the flexible sheet heating elements flows
through the heating unit.

Heating units for storage heating applications are charged for 75 % of the rated charging
period.

Appliances operated with integral batteries or separable batteries not disconnected from the
appliance for charging purposes:

— [the battery that is fully discharged is charged with the battery-operated appliance
performing its intended function, if allowed by the construction of the appliance;

— |the battery that is fully discharged is charged without the battery-operated appliance
performing its intended function

Note 1 to entry: Operation of a battery-operated appliance to perform its intended function-isconsidered tq be
normal operation.

3.1.10

rated impulse voltage
age derived from the rated voltage and the overvoltage -Category of the appliance,
characterizing the specified withstand capability of its insulation @gainst transient overvoltages

3.1.11

that can be connected to appliance outlets accessible to the user and socket-outlets
acgessible to the user

Note 1 to entry: Outlets with a voltage not exceeding SELV are not considered to be an appliance outlet.

3.1.101
rated charging period
lonjgest uninterrupted charging period assigned to the heating unit by the manufacturer

Definitions relating to means of connection

interconnection cord
externarl flexible cord befween Iwo paris of an apphance, provided as part of a complete
appliance for purposes other than connection to the supply mains

Note 1 to entry: In battery-operated appliances, if the battery is placed in a separate box, the flexible lead or
flexible cord connecting the box with the appliance is considered to be an interconnection cord.

Note 2 to entry: The output cord from a charging system or a detachable power supply part is an
interconnection cord.

3.2.3
supply cord
flexible cord, for supply purposes, that is fixed to the appliance
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3.24
type X attachment
method of attachment of the supply cord such that it can easily be replaced

Note 1 to entry: The supply cord may be specially prepared and only available from the manufacturer or its service
agent. A specially prepared cord may include a part of the appliance.

3.2.5

type Y attachment

method of attachment of the supply cord such that any replacement is intended to be made by
the_manufacturer, its service agent or similar qualified person

3.2.6

type Z attachment
metthod of attachment of the supply cord such that it cannot be replaced without)breaking or
desgtroying the appliance

Definitions relating to protection against electric shock

independent insulation applied in addition to basic insulation, in order to provide protectjon

single insulation applied to live ‘parts, that provides a degree of protection against elecjfric

1to entry: Itis not implied that the insulation is one homogeneous piece. The insulation may comprise sevpral

insulation between conductive parts of different potential which is necessary only for the proper

protectiveimpedance
impedance connected between live parts and accessible conductive parts of class Il
constructions so that the current, in normal use and under likely fault conditions in the
appliance, is limited to a safe value

3.3.7

class 0 appliance

appliance in which protection against electric shock relies upon basic insulation only, there
being no means for the connection of conductive accessible parts, if any, to the protective
conductor in the fixed wiring of the installation, reliance in the event of a failure of the basic
insulation being placed upon the environment

Note 1 to entry: Class 0 appliances have either an enclosure of insulating material which may form a part or the
whole of the basic insulation, or a metal enclosure which is separated from live parts by an appropriate insulation.
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If an appliance with an enclosure of insulating material has provision for earthing internal parts, it is considered to
be a class | appliance or class 0l appliance.

3.3.8

class 0l appliance

appliance having at least basic insulation throughout and incorporating an earthing terminal
but having a supply cord without earthing conductor and a plug without earthing contact

3.3.9

class | appliance
appliance in which protection against electric shock does not rely on basic insulation only but
whjch includes an additional safety precaution, in that conductive accessible parts, are
conmnected to the protective earthing conductor in the fixed wiring of the installation in-such a
way that conductive accessible parts cannot become live in the event of a failure of the bapic
ingulation

Note 1 to entry: This provision includes a protective earthing conductor in the supply cord.

3.3.10

class Il appliance
appliance in which protection against electric shock does not rely op'basic insulation only put
in which additional safety precautions are provided, such as double‘insulation or reinforged
ingulation, there being no provision for protective earthing “or reliance upon installatjon
conditions

Note 1 to entry: Such an appliance may be of one of the following types:

— |an appliance having a durable and substantially continuous~enclosure of insulating material which envelop$ all
metal parts, with the exception of parts, such as nameplates, screws and rivets, which are isolated from Jive
parts by insulation at least equivalent to reinforced-«insulation; such an appliance is called an insulatjon-
encased class Il appliance;

— |an appliance having a substantially continuous metal enclosure, in which double insulation or reinforged
insulation is used throughout; such an appliancé.is called a metal-encased class Il appliance;

— |an appliance which is a combination of an insulation-encased class Il appliance and a metal-encased clags Il
appliance.

Note 2 to entry: The enclosure of an jnsulation-encased class Il appliance may form a part or the whole of|the
supplementary insulation or of the reinforced insulation.

Notp 3 to entry: Class Il appliances may incorporate an earth for functional purposes.

3.3.11

class Il construction
paft of an appliancefor which protection against electric shock relies upon double insulation
or reinforced insulation

Note 1 to entry: Basic insulation may be required in addition to supply at SELV. Refer to 8.1.4.

Note 2 to entry: Class Ill appliances may incorporate an earth for functional purposes.

3.3.13

class Ill construction

part of an appliance for which protection against electric shock relies upon safety extra-low
voltage and in which voltages higher than those of safety extra-low voltage are not generated

Note 1 to entry: Basic insulation may be required in addition to supply at SELV. Refer to 8.1.4.
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3.3.14
clearance

shortest distance in air between two conductive parts or between a conductive part and the

accessible surface

3.3.15
creepage distance

shortest distance along the surface of insulation between two conductive parts or between a

conductive part and the accessible surface

3. Definitions relating to extra-low voltage

3.4.1

ex{ra-low voltage

voltage supplied from a source within the appliance that does not exceed 50V betwe
conductors and between conductors and earth or functional earth when the~appliance
supplied at rated voltage

3.4.2

salety extra-low voltage

voltage not exceeding 42 V between conductors and between\conductors and earth
functional earth, the no-load voltage not exceeding 50 V

Note 1 to entry: When safety extra-low voltage is obtained from the supply mains, it is to be through a sa
isolating transformer or a convertor with separate windings, the insulation of which complies with double insula
or reinforced insulation requirements.

Note 2 to entry: The voltage limits specified are based on the/assumption that the safety isolating transformg¢
supplied at its rated voltage.

Note 3 to entry: Safety extra-low voltage is also known*as SELV.

3.4.3

safety isolating transformer

trapsformer, the input winding of which is electrically separated from the output winding by
insplation at least equivalent to double insulation or reinforced insulation, that is inteng
to supply an appliance or circuit.at safety extra-low voltage

3.44

protective extra-low_veltage circuit

eafthed circuit operating at extra-low voltage that is separated from other circuits, exc
cir¢uits operating(at safety extra-low voltage, by basic insulation and protective screeni
dopble insulation or reinforced insulation

Note 1 to entry./ Protective screening is the separation of circuits from live parts by means of an earthed screqgn.

Note 24t0-entry: A protective extra-low voltage circuit is also known as a PELV circuit.
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3. Definitions relating to types of appliances

3.5.1
portable appliance

appliance that is intended to be moved while in operation or an appliance, other than a fixed

appliance, having a mass less than 18 kg

3.5.2
hand-held appliance
portable appliance intended to be held in the hand during normal use

3.5.3
stationary appliance
fixed appliance or an appliance which is not a portable appliance


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 EXV © |IEC 2024 - 23 -

3.54
fixed appliance

appliance that is intended to be used while fastened to a support or while secured in a specific

location

Note 101 to entry: Heating units are considered to be fixed appliances.

3.5.5
built-in appliance

fixed appliance intended to be installed in a cabinet, in a prepared recess in a wall or in a

similar_location

3.5.6
heating appliance
appliance incorporating heating elements but without any motor

3.5.7
m%tor-operated appliance
appliance incorporating motors but without any heating element

Note 1 to entry: Magnetically driven appliances are considered to be motor-operated appliances.

3.5.8
combined appliance
appliance incorporating heating elements and motors

3.5.9

battery-operated appliance

appliance deriving its energy from batteriescenabling the appliance to perform its inteng
funlction without a supply connection

Note 1 to entry: A battery-operated appliancetcan have a supply connection.

3.5.101
flexible sheet heating element

ed

heating element consisting of sheets of electrical insulation laminated with electrical resistagce

mafterial, or a base material'en which electrically insulated heating wires are fixed

Note 1 to entry: This definition does not preclude other methods of combining the insulation and resistal
materials.

3.5.102

heating unit

flexible sheet heating element equipped with means of connection to the supply and w
insulation-surrounding live parts

nce

ith

Notg_1\to entry: The heating unit can be partly or completely prefabricated.

3.5.103

modular heating unit

prefabricated assembly consisting of a heating unit and other materials to form a ri
construction for mounting on a ceiling

3.5.104
storage heating application
use of heating units to heat thermal accumulating material

Note 1 to entry: The heat is discharged naturally, the heat output being varied by adjusting the energy input.

gid
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3.6 Definitions relating to parts of an appliance

3.6.1

non-detachable part

part that can only be removed or opened with the aid of a tool or part that fulfils the test of
22.11

3.6.2
detachable part
part that can be removed or opened without the aid of a tool, part that is removed or opened in

ordan ; ofns—fo v ofFefoval—orf dges

It is

ace is metal, any conductive part connected to it

Note 1 to entry: Accessible non-metallic parts with conductivescoatings are considered to be accessible mgtal
pargs.

3.6.4

live part
coIductor or conductive part intended to be ‘energized in normal use, including a neufral
conductor but, by convention, not a PEN cénductor

Note 1 to entry: Parts, accessible or not, complying with 8.1.4 are not considered to be live parts.

Note 2 to entry: A PEN conductor is ‘a\protective earthed neutral conductor combining the functions of botfh a
profective conductor and a neutral conductor.

Note 3 to entry: Parts, whethef they are accessible parts or not, of battery-operated appliances and batteries
not [exceeding the electrical limits“of B.22.3 and B.22.4, are not considered to be live parts.

3.6.5
toal
screwdriver, coih.or any other object that may be used to operate a screw or similar fixjing

; ach-surfac CORP a-6ire 5-mm-diameter—orpartwhere-seme
of the surface lies outside a 15 mm diameter circle but in such a way that it is not possible to
fit a circle of 8 mm diameter on any of the surfaces

Note 1 to entry: A part that is too small to grip and at the same time to be able to apply the glow-wire tip is shown
in example A in Figure 5. A part that is large enough to grip but that is too small to be able to apply the glow-wire tip
is shown in example B in Figure 5. A part that is not a small part is shown in example C in Figure 5.

3.6.7

detachable power supply part

part of the appliance the output of which is intended to be detachable from the class lll
construction part of the appliance

Note 1 to entry: Means of detachment are a flexible cord and connector or an appliance outlet fitted to the
detachable power supply part.
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3.6.8

cell

basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals,
and usually separators that is a source of electric energy obtained by direct conversion of
chemical energy

[SOURCE: IEC 60050-482:2004, 482-01-01]

3.6.9
battery
asgeno O+ohRtOoOr—RoFre—C€€ eat O—4dS€ Saw E—O1T€1€

its voltage, size, terminal arrangement, capacity and rate capability

by

Note 1 to entry: A detachable battery and separable battery have an enclosure that is equivalent in\propertiefs to
thafl of the appliance itself, but integral batteries may have no enclosure or an enclosure less substaritial than that
of the appliance, as they are protected by the enclosure of the appliance.

3.6.10

detachable battery
reghargeable battery in an enclosure separate from the battery-operated“appliance, intended
for|use with specific appliances and intended to be removed from the appliance for chargjng
pufposes

Note 1 to entry: A standard automotive battery is not considered a detachable battery.

Note 2 to entry: A detachable battery is not considered a battery that is replaceable.

3.6.11

separable battery
battery contained in an enclosure separate from:the battery-operated appliance, intended|for
usg with specific appliances and connected to the appliance by a cord external to the enclosure
of {he appliance

Note 1 to entry: A standard automotive battery is not considered a separable battery.

Note 2 to entry: A separable battery ismnot considered a battery that is replaceable.

3.6.12

intpgral battery
battery contained within-the battery-operated appliance and not removed from the appliance
for|charging purposes

Note 1 to entry: A battery that is only to be removed from the battery-operated appliance for disposal or recydling
is sfill considered«a\be an integral battery.

3.6.101

electrode
cojl‘ductive part incorporated in a flexible sheet heating element for supplying the heating
material

3.7 Definitions relating to safety components

3.71

thermostat

temperature-sensing device, the operating temperature of which may be either fixed or
adjustable and which during normal operation keeps the temperature of the controlled part
between certain limits by automatically opening and closing a circuit
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3.7.2

temperature limiter

temperature-sensing device, the operating temperature of which may be either fixed or
adjustable and which during normal operation operates by opening or closing a circuit when
the temperature of the controlled part reaches a pre-determined value

Note 1 to entry: A temperature limiter does not make the reverse operation during the normal duty cycle of the
appliance. It may or may not require manual resetting.

3.7.3

thermal cut-out
deyice which during abnormal operation limits the temperature of the controlled part|by
aufomatically opening the circuit, or by reducing the current, and is constructed so-that|its
sefting cannot be altered by the user

3.7.4

sejf-resetting thermal cut-out
thgrmal cut-out that automatically restores the current after the relevant part’of the appliafnce
hag cooled down sufficiently

3.7.5

noh-self-resetting thermal cut-out
thgrmal cut-out that requires a manual operation for resetting, or replacement of a part{ in
order to restore the current

Note 1 to entry: Manual operation includes disconnection of the @ppliance from the supply mains.

3.7.6

protective device
deyice, the operation of which prevents a ‘hazardous situation under abnormal operatjon
conditions

3.7.7
thgrmal link
thgrmal cut-out which operatessonly once and requires partial or complete replacement

3.7.8

intentionally weak part
paft intended to rupture under conditions of abnormal operation to prevent the occurrence df a
condition which could)impair compliance with this standard

Note 1 to entry: _“Such a part may be a replaceable component, such as a resistor or a capacitor, or a part ¢f a
conmponent to be‘replaced, such as a thermal link that is not an accessible part incorporated in a motor.

3. Deéfinitions relating to miscellaneous matters

3.8.1

all-pole disconnection
disconnection of both supply conductors by a single initiating action or, for multi-phase
appliances, disconnection of all supply conductors by a single initiating action

Note 1 to entry: For multi-phase appliances, the neutral conductor is not considered to be a supply conductor.

3.8.2

off position

stable position of a switching device in which the circuit controlled by the switch is disconnected
from its supply or, for electronic disconnection, the circuit is de-energized

Note 1 to entry: The off position does not imply an all-pole disconnection.
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3.8.3
visibly glowing heating element
heating element that is partly or completely visible from the outside of the appliance and ha

S a

temperature of at least 650 °C when the appliance has been operated under normal operation

at rated power input until steady conditions have been established

3.84
PTC heating element
element intended for heating consisting mainly of positive temperature coefficient resistors t

hat

are thermally sensitive and have a rapid non-linear increase in resistance when the temperature

H o (AR ! o !
IS narseu trouyrt a pdrtcuiar 1artyc

3.8.5

user maintenance

any maintenance operation stated in the instructions for use, or marked on the appliance, t
thg user is intended to perform

3.8.6
rogm temperature
ampient temperature specified in the general conditions for the tests

Note 1 to entry: The ambient temperature is specified in 5.7.
3.9 Definitions relating to electronic circuits

3.9.1
ele1::tronic component

paft in which conduction is achieved principally by“electrons moving through a vacuum, gag
sefniconductor

Note 1 to entry: Neon indicators are not considered\to be electronic components.

3.9.2
electronic circuit
cir¢uit incorporating at least oneelectronic component

3.9.3
protective electronic circuit
electronic circuit that prevents a hazardous situation under abnormal operating conditions

Note 1 to entry: Parts-of the circuit may also be used for functional purposes.
3.10 Definitions relating to battery charging and discharging

3.10.1
battery system

hat

or

sydtem that includes a battery, charging system and the battery-operated appliance |

Note 1 to entry: The battery system, including interfaces, may contain more than one battery and charging

system.

3.10.2
charging system
circuitry that charges and maintains the state of charge of the battery

Note 1 to entry: Parts of the charging system may perform other functions such as charge balancing and may be

separately enclosed.
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0.3

specified operating region for charging
region during charging in which a cell operates within its voltage and current range as specified

by

the cell manufacturer

Note 1 to entry: An example of a specified operating region of a lithium-ion cell during charging is shown in
Figure 14.

3.1

0.4

upper limit charging voltage

highest charging voltage in the specified operating region for charging
3.10.5
venting

condition intended by design that occurs when a cell provides a controlled releaseof excessjive

int

3.1
ful
at 1

Not
the

Not
is s
3.1
ful
dis
fas|
th

Not
typi

rnal pressure without expulsion of major components of the cell

0.6
y charged
he maximum state of charge

e 1 to entry: For cells and batteries that are rechargeable, this is the maximum state of charge permitteq
charging system.

e 2 to entry: The maximum state of charge for non-rechargeable batteries and batteries that are recharged
becified in the artificial source characteristics of Table B.1.

0.7
y discharged
charged at a steady rate of current to attain,vat 5 h of steady discharge (Cj rate), or

est discharge rate allowed by the cell manufacturer or battery manufacturer if it is sloy
n the Cy rate, until

discharge terminates due to opetation of discharge termination circuitry; or

the battery (or cell) reaches‘a’total voltage with an average voltage per cell equal to
end-of-discharge voltagefor the cell chemistry being used, unless a different end
discharge voltage is specified by the cell manufacturer

e 1 to entry: Examples\of the end-of-discharge voltages for fully discharged common cell chemistries
cally

- 0,9 V/cell fornickel cadmium;

— 0,9 V/celkfor nickel metal-hydride;

- 1,75 Vjcell for lead-acid;

- /2,5 Vlcell for lithium iron-phosphate;

=</ 3,0 V/cell for lithium cobalt-oxide.
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3.1
3.1

1 Definitions relating to remote functionality

1.1

entity
person, device, appliance, product, or service that interacts with an appliance

3.1

1.2

message
data which is transmitted from a sender (data source) to one or more receivers (data sink)
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3.11.3

public network

network carrying digital data or analogue signals or both where access to the data and signals
is not restricted by the physical space within the household or similar use environment of the
appliance

Note 1 to entry: Determination of confinement to the physical space includes consideration of the network’s range
of communication, configuration, or construction.

For the purposes of this standard, examples of public networks include but are not limited to:

—  PAN (personal area network):

—  LAN (local area network) connected devices which may or may not be connected to a gateway,
—  PLC (power line communication);

—  SRD (short range devices);

- WAN (wide area network);

For|the purposes of this standard, examples of networks which are not considered as being publi¢ networks include
butfare not limited to:

— NFC (near field communication);

— optical communication with line of sight (infra-red rays or visual rays);

— hardwired configurations constructed of physical media;

witiout connection to a public network.

3.11.4

rehote communication
trapsmission of data between the appliance and an{entity that can be initiated out of sight of
theg appliance, using communication means such as radio wave modulation, sound wave
mojdulation or bus systems

Note 1 to entry: Examples of transmission of datasincludes but are not limited to remote monitoring, softwWare
downloading or control parameter modifications.

Note 2 to entry: Transmission of data can be ene-way (simplex) or two-way (duplex).

3.11.5
remote operation
control of an appliance by remote communication

Note 1 to entry: Remote.communication that results in a change of appliance operation, such as chang¢ of
rotgtional speed, temperature, spatial movement, start/stop of the intended function, is considered remote operation.
It is] possible to have remote communication that does not lead to remote operation.

Note 2 to entry: ~Alline of sight infra-red signal by itself is not considered one used for remote operation.

4 | General requirement

Ap pliances shall be constructed so that in normal use, fhny function annly so-as tocauselno
danger to persons or surroundings, even in the event of carelessness that may occur in normal
use.

In general, this principle is achieved by fulfilling the relevant requirements specified in this
standard and compliance is checked by carrying out all the relevant tests.

5 General conditions for the tests

Unless otherwise specified, the tests are carried out in accordance with this clause.
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Tests according to this standard are type tests.

NOTE Routine tests are described in informative Annex A.

5.2

In general, eight samples are required for the tests.

The tests of 13.3 and of Clause 15 and Clause 16 are carried out on one sample.

The tests of 18.101 and of Clause 30 are carried out on one sample.
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cafried out before the tests of<19.71.
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Th

p test of 21.102 is carried out on two samples. One of these samples is also used for thé, {
P2.101.

p test of 22.103 is carried out on one sample.

b remaining tests are carried out on the sixth sample. The other two samples are requi
incorporating into the test arrangement to create the necessary thermal-environment.

e samples of modular heating units are necessary for the tests,0/11.2.102.
pitional samples are necessary if the tests of 18.102 are carried out.
b fest of 22.105 is carried out on the same sample as that used for the test of 13.2.

b samples of the additional layer of material, of.a.size necessary to cover the heating uf
required if the test of 21.104 is carried out.

[E 101 Additional samples can be necessary if tests have to be repeated or for testing different sizes of hea
S.

The tests are carried out in the-order of the clauses. However, the test of 22.11 on
bliance at room temperature is\carried out before the tests of Clause 8. The tests
use 14, 21.2 and 22.24 are carried out after the tests of Clause 29. The test of 19.14

is evident from the construction of the appliance that a particular test is not applicable,
t is not carried out,

b test of 22.105.is carried out after the test of 13.2

5.

influence-of their consumption has to be taken into account.

5.

When\testing appliances that are also supplied by other energies such as gas,
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The tests are carried out with the appliance or any movable part of it placed in the m

ost

unfavourable position that may occur in normal use.

5.6

Appliances provided with controls or switching devices are tested with these controls or
devices adjusted to their most unfavourable setting, if the setting can be altered by the user.

If the adjusting means of the control is accessible without the aid of a tool, this subclause
applies whether the setting can be altered by hand or with the aid of a tool. If the adjusting
means is not accessible without the aid of a tool and if the setting is not intended to be altered

by

the user, this subclause does not apply.

NOTE Adequate sealing is regarded as preventing alteration of the setting by the user.
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For appliances fitted with a voltage selector switch, the tests are carried out with the switch in
the position corresponding to the rated voltage value used for the tests.

Thermostats sensitive to room air temperature or outdoor air temperature are short circuited.
However, the thermostat is not short circuited if it can be set so that it does not cycle.

5.7 The tests are carried out in a draught-free location at an ambient temperature of
20 °C + 5 °C.

If the temperature attained hy any part is limited hy a temperature sensitive device or is
influenced by the temperature at which a change of state occurs, for example when water. bails,
the ambient temperature is maintained at 23 °C + 2 °C in case of doubt.

5. Test conditions relating to frequency and voltage

O

5.8.1 Appliances for alternating current (AC) only are tested with AC at(rated frequen
andl those for AC and DC are tested at the more unfavourable supply.

yy

Appliances for AC that are not marked with rated frequency or are’ marked with a rated
frequency range of 50 Hz to 60 Hz are tested with either 50 Hz~or 60 Hz, whichever is the
morre unfavourable.

5.8.2 Appliances having more than one rated voltage are tested on the basis of the mpst
unfavourable voltage.

Fof motor-operated appliances, and combined appliances, marked with a rated voltgge
range, when it is specified that the supply voltage. is equal to the rated voltage multiplied by a
facftor, the appliance is supplied at

— |the upper limit of the rated voltage range multiplied by this factor, if greater than 1;

— |the lower limit of the rated voltagesrange multiplied by this factor, if smaller than 1.

WHhen a factor is not specified, the supply voltage is the most unfavourable within the rated
voltage range.

If 3§ heating appliance has’ a rated voltage range, the upper limit of the voltage range will
ustally be the most unfavourable voltage within the range. For motor-operated appliancgs,
combined appliances. and appliances having more than one rated voltage or rated voltgge
range, it may be(hetessary to make some of the tests at the minimum, the mean and fhe
maximum value$.of the rated voltage or the rated voltage range in order to establish the mpst
unfavourable’voltage.

input_ range, when it is specified that the power input is equal to the rated power input

5.8.3 For heating appliances, and combined appliances, marked with a rated po;:er
multiplied by a factor the appliance is operated at

— the upper limit of the rated power input range multiplied by this factor, if greater than 1;
— the lower limit of the rated power input range multiplied by this factor, if smaller than 1.

When a factor is not specified, the power input is the most unfavourable within the rated power
input range.

5.8.4 For appliances marked with a rated voltage range and rated power input
corresponding to the mean of the rated voltage range, when it is specified that the power input
is equal to rated power input multiplied by a factor, the appliance is operated at:

— the calculated power input corresponding to the upper limit of the rated voltage range
multiplied by this factor, if greater than 1;
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— the calculated power input corresponding to the lower limit of the rated voltage range
multiplied by this factor, if smaller than 1.

When a factor is not specified, the power input corresponds to the power input at the most
unfavourable voltage within the rated voltage range.

5.9 When alternative heating elements or accessories are made available by the appliance
manufacturer, the appliance is tested with those elements or accessories which give the most
unfavourable results.

5.1 The tests are carried out on the appliance as supplied. However, an appliance
constructed as a single appliance but supplied in a number of units is tested after assembly in
acg¢ordance with the instructions provided with the appliance.

lass lll construction part of the appliance is tested connected to its detachable power
supply part taking into account the instructions provided with the appliance.

Bujilt-in appliances and fixed appliances are installed in accordancé |with the instructions
prdvided with the appliance before testing.

If
re

atteries intended for use with the appliance use metal-ion chemistry, the manufacturen or
onsible agent shall provide the following information for each type of battery
end-of-discharge voltage;

upper limit charging voltage, for batteries comptising series connected cells;
rated capacity of the battery (Cg Ah).

If

re
cell.

ells intended for use with the appliance<use metal-ion chemistry, the manufacturer| or
onsible agent shall provide the specified operating region for charging for each typg of

However, for flexible sheet heating elements that are cut on site, the tests are carried put
after connecting the supply leads and protecting the edges in accordance with the instructions.

5.11 Appliances intended-to:be connected to fixed wiring by means of a flexible cord are tesfed
with the appropriate flexible’cord connected to the appliance.

5.12 For heating'appliances and combined appliances, when it is specified that the
appliance has to eperate at a power input multiplied by a factor, this applies only to heafjng
ents without*appreciable positive temperature coefficient of resistance.

For heating elements with appreciable positive temperature coefficient of resistance, other than
heating elements, the supply voltage is determined by supplying the appliance at rated
voltage until the heating element reaches its operating temperature. The supply voltage is then
rapidly increased to the value necessary to give the power input required for the relevant test,
this value of the supply voltage being maintained throughout the test.

NOTE In general, the temperature coefficient is considered to be appreciable if, at rated voltage, the power input
of the appliance in cold condition differs by more than 25 % from the power input at operating temperature.

5.13 The tests for appliances with PTC heating elements and for heating appliances and
combined appliances where the heating elements are supplied via a switch mode power
supply are carried out at a voltage corresponding to the specified power input.

When a power input greater than the rated power input is specified, the factor for multiplying
the voltage is equal to the square root of the factor for multiplying the power input.
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5.14 |[f class 0l appliances or class | appliances have accessible metal parts that are not
earthed and are not separated from live parts by an intermediate metal part that is earthed,
such parts are checked for compliance with the appropriate requirements specified for class Il
construction.

If class 0l appliances or class | appliances have accessible non-metallic parts, such parts
are checked for compliance with the appropriate requirements specified for class Il
construction unless these parts are separated from live parts by an intermediate metal part
that is earthed.

NOTE Guidance is given in informative Annex P for enhanced requiremenis that can be used fo ensure]l an
acceptable level of protection against electrical and thermal hazards for particular types of appliances usgd.in] an
instpllation without a protective earthing conductor in countries that have tropical climates.

5.15 |If appliances have parts operating at safety extra-low voltage, such parts-aré checked
forlcompliance with the appropriate requirements specified for class Ill construction.

5.16 When testing electronic circuits, the supply is to be free from‘perturbations frpm
exfernal sources that can influence the results of the tests.

5.17 Battery-operated appliances and remote controls containing batteries are tested in
acg¢ordance with normative Annex B.

Baftery-operated appliances having a functional earth cohnéction or a supply connection are
tested in accordance with the relevant clauses of the mainpart of this standard and normative
Anhex B.

NOTE A supply connection can include a mains connection.

Baftery-operated appliances having a supply connection are considered dual supply
appliances. Dual supply appliances areXregarded as battery-operated appliances when
defiving their energy from batteries.

Separable batteries and detachable batteries for battery-operated appliances are tested in
acg¢ordance with normative Annex-B.

5.18 To condition batteries that are rechargeable, the batteries shall be fully discharged
andl then fully charged in accordance with the appliance manufacturer’s instructions. The
sequence shall be repeated at least 2 h after the battery was charged.

Fof batteries where there is a series arrangement of parallel clusters of cells, the cluster shall
beltreated as a single cell for those tests that require altering the amount of charge on a single
cell prior t6 ¢onducting the test.

5.19 Measurements of cell voltages or battery voltages shall be made using a single ppole
C k To
determ/ne /f the upper Ilmlt charglng voltage has been exceeded the peak value ofthe filtered
voltage shall be measured with a tolerance of £1 %.

When measuring cell voltages or battery voltages, the peak value of any superimposed ripple
exceeding 10 % of the average value shall be included. Transient voltages are ignored, such
as a temporary increase of voltage, for example, after the battery is removed from the charging
system.
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5.20 If linear and angular dimensions are specified without a tolerance, I1SO 2768-1 is
applicable.

5.21 Probes are applied with a force not exceeding 1 N.

5.22 If a component or part of the appliance has both a self-resetting feature and a non-
self-resetting feature and if the non-self-resetting feature is not required in order to comply
with this standard, then appliances incorporating such a component or part shall be tested with
the non-self-resetting feature rendered inoperative.

5.101 Heating units intended to be installed in walls above a height of 2,3 m are subjécfed
to the tests for installation in ceilings.

6 | Classification

6.1 Appliances shall be of one of the following classes with respect téJprotection against
electric shock:

class 0, class 0l, class I, class Il, class Il

If gn appliance consists of a part of class Ill construction,and a detachable power supply
part, the complete appliance is classified as a class | appliance or class Il appliance in
acgordance with the classification applicable to its detachable power supply part.

It is not necessary to classify heating units. However, if a heating unit is classified, fhe
relgvant requirements apply.

Compliance is checked by inspection and by<the relevant tests.

6.2 Appliances shall have the appropriate degree of protection against harmful ingresg of
wafer.

Hepting units for installation incconcrete or similar materials shall be at least IPX7.
Other heating units shall be at least IPX1.

Compliance is checked by inspection and by the relevant tests.

NOTE The degtees of protection against harmful ingress of water are given in IEC 60529:1989 inclu
IEC|60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

ing

7 | Marking and instructions

7.1  Appliances shall be marked with the:

— rated voltage or rated voltage range in volts;

— symbol for nature of supply, unless the rated frequency is marked;

— rated power input in watts or rated current in amperes;

— name, trade mark or identification mark of the manufacturer or responsible vendor;

— model or type reference;

— symbol [EC 60417-5172 (2003-02) for class Il appliances only;

— IP number according to degree of protection against ingress of water, other than IPX0;
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NOTE

symbol IEC 60417-5180 (2003-02), for class Ill appliances. This marking is not necessary
for appliances operated only by batteries (primary batteries or secondary batteries
recharged outside of the appliance) or appliances powered by rechargeable batteries

recharged in the appliance.

placed in brackets.

Appliance outlets accessible to the user and socket-outlets accessible to the user:

that are incorporated in appliances connected to the supply mains; and

If the appliance is marked with rated pressure, the units used can be bars but only together with pascals and

that operate at rated voltage

shall be marked with their outlet load in watts or amperes.

Ap
reg
be
de

Class Il appliances and class lll appliances incorporating as/functional earth shall be mar}

wit

Th

marked with symbol IEC 60417-6181 (2016-01) and the model or type reference of
achable power supply part or with the substance of the following;

Use only with <model or type reference> supply unit

h the symbol IEC 60417-5018 (2011-07).

b enclosure of electrically-operated water valves/incorporated in external hose-sets

comnection of an appliance to the water mains shall be marked with sym

IE(

Mo

[ 60417-5036 (2002-10) if their working voltage exceeds extra-low voltage.

dification:

Insftead of the marking of rated power.input or rated current the following applies:

heating units shall be marked.with their rated power input;

flexible sheet heating elements without connection between adjacent elements shall
individually marked with.iheir rated power input;

other flexible sheet heating elements shall be marked with their rated power input
metre length.

Flgxible sheet heating elements shall be marked with their maximum current if

Co

the current_can vary depending on the length of the flexible sheet heating element;
other flexible sheet heating elements can be supplied through them.

mpliance is checked by inspection.

pliances intended to be supplied from a detachable power supply part for(the' purposes
harging the battery shall be marked with symbol ISO 7000-0790 (2004-01%); ‘They shall aflso

of

the

ed

for
bol

be

per

7.2
foll

Stationary appliances for multiple supply shall be marked with the substance of
owing:

Warning: Before obtaining access to terminals, all supply circuits must be disconnected

This warning shall be placed in the vicinity of the terminal cover.

Flexible sheet heating elements shall be marked with:

the indication of orientation, unless heating units are symmetrical;

the intended installation (ceilings, walls between 0,2 m and 1,2 m and/or above 2,3 m,

floors);
the heating mode (direct heating or storage heating), unless intended for both modes.

the

or
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If the heating unit is only intended for application in floors of concrete or similar materials, it
shall be marked with the symbol for installation in concrete or similar materials.

The marking shall be repeated at least once every 0,5 m of the flexible sheet heating element
or on every section that can be cut to form a heating unit.

Flexible sheet heating elements that can be cut on site and have to be cut at specified places
shall be marked appropriately.

Apimawmwmmuummwmmmmmmu be
marked with the reference number or by other means of identification of the control.

Compliance is checked by inspection.

7.3 Appliances having a range of rated values and which can be operated without adjustmpent
thrpughout the range shall be marked with the lower and upper limits of the range separated by
a hyphen.

NOTE 1 Example: 115V — 230 V: The appliance is suitable for any value within the)ymarked range (a curling fron
witll a PTC heating element or an appliance incorporating an input switch mode-power supply).

Appliances having different rated values and which have to bé adjusted for use at a particylar
value by the user or installer shall be marked with the differént values separated by an oblique
stroke. This requirement is also applicable to appliances‘with provision for connection to bpth
single-phase and multi-phase supplies.

NOTE 2 Example: 115/230 V: The appliance is only suitable/for the marked values (an appliance with a seleftor
swifch).

NOTE 3 Example: 230 V ~./400 V 3N~.: The applianee is only suitable for the voltage values indicated, 230 /~
beipg for single-phase, AC operation and 400 V 3N “for three-phase, AC with neutral operation (an appliance ith
terminals for both supplies).

Compliance is checked by inspection.

7. If the appliance can be‘adjusted for different rated voltages or rated frequencies, the
voltage or the frequency toswhich the appliance is adjusted shall be clearly discernible| If
frequent changes in voltage’ setting or frequency setting are not required, this requirement is
considered to be met ifithe rated voltage or rated frequency to which the appliance is to|be
adjusted can be determined from a wiring diagram fixed to the appliance.

The wiring diagram may be on the inside of a cover that has to be removed to connect he
supply conddctors. It shall not be on a label loosely attached to the appliance.

Compliance is checked by inspection.

7. For appliances marked with more than one rated voltage or with one or more rated
voltage ranges, the rated power input or rated current for each of these voltages or ranges
shall be marked. However, if the difference between the limits of a rated voltage range does
not exceed 10 % of the arithmetic mean value of the range, the marking for rated power input
or rated current may be related to the arithmetic mean value of the range.

The upper and lower limits of the rated power input or rated current shall be marked on the
appliance so that the relation between input and voltage is clear.

Compliance is checked by inspection.
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7.6  When symbols are used, they shall be as follows:

p— [symbol IEC 60417-5031 direct current
(2002-10)]

~ [symbol IEC 60417-5032 alternating current
(2002-10)]

3\~ [symbol IEC 60417-5032-1 three-phase alternating current
(2002-10)]

3N N~ [symbol IEC 60417-5032-2 three-phase alternating current withneutral
(2002-10)]

—_ [symbol IEC 60417-5016 fuse-link

(2002-10)]

NQTE 1 The current rating of the fuse link can be indicated in association with this@&ymbol.

X
—

[symbol IEC 60417-5019
(2006-08)]

VAT
=

[symbol IEC 60417-5018
(2011-07)]

N
I

[symbol IEC 60417-5172
(2003-02)]

=1
=

[symbol IEC 60447-5012
(2002-10)]

A

NQTE 2 The rated wattage of the lamp can be indicated in association with this symbol.

[symbol 1ISO 7000-0434A

B (2004-01)]
- [symbol ISO 7000-0790
L_]] (2004-01)]

time-lag miniature use-link where X is the
symbol for theltime/current characteristic
as given in [EC 60127

protective earth

functional earthing

class Il equipment

Lamp

Caution

read operator's manual

[symbol TEC 6041/7-5021
(2002-10)]

v

[symbol IEC 60417-5036
6 (2002-10)]

[symbol IEC 60417-5180
(2003-02)]

Equipotentiality

dangerous voltage

Class lll appliance
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DI K [symbol IEC 60417-6181 detachable power supply part

Th

Th

Th
the

This | [symbol IEC 60417-6449

(2016-01)]

i [symbol IEC 60417-6447
lil (2021-01)]

heating, direct ceiling

IEC

—Il—(—sy-m-bel—l—EC 804476446
o (2021-01)] heating, direct floor

IEC

w w [symbol IEC 60417-6448
T (2021-01)] heating, floor storage

[symbol IEC 60417-6445
(2021-01)] heating, wall

IEC

heating, installation in concrete or similar

e (2021-01)] materials

bse symbols are information signs and; except for the colours, the rules of ISO 3864-1 apply.

p symbol for nature of supply shall be placed next to the marking for rated voltage.

b symbol for class Il appliances shall be placed so that it will be obvious that it is a par
technical information and is unlikely to be confused with any other marking.

of

ed

Un|ts of physical quantities and their symbols shall be those of the international standardiz
sygtem.

Additional symbols are allowed provided that they do not give rise to misunderstanding.
Symbols specified in IEC 60417 and ISO 7000 may be used.
CompHance—is-ehecked-by-nspection

7.7 Appliances to be connected to more than two supply conductors and appliances for

multiple supply shall have a connection diagram fixed to them, unless the correct mode of
connection is obvious.

The correct mode of connection for multi-phase appliances is considered to be obvious if the
terminals for the supply conductors are

indicated by arrows pointing towards the terminals; or
marked in words.

The connection diagram may be the wiring diagram referred to in 7.4.
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Compliance is checked by inspection.

7.8 Except for type Z attachment, terminals used for connection to the supply mains shall
be indicated as follows:

— terminals intended exclusively for the neutral conductor shall be indicated by the letter N;
— protective earthing terminals shall be indicated by symbol IEC 60417-5019 (2006-08);

— functional earthing terminals shall be indicated by symbol IEC 60417-5018 (2011-07).

These indications shall not be placed on screws, removable washers or other parts which can
be [removed when conductors are being connected.

Compliance is checked by inspection.

7.9 Unless it is obviously unnecessary, switches which may give rise tocsa\hazard when
opg¢rated shall be marked or placed so as to indicate clearly which part of the.appliance they
control. Indications used for this purpose shall, wherever practicable, ‘be comprehensiple
without a knowledge of languages or national standards.

Compliance is checked by inspection.

7.10 The different positions of switches on stationary appliances and the different positions
of gontrols on all appliances shall be indicated by figures,™etters or other visual means. This
requirement also applies to switches which are part of a control.

If flgures are used for indicating the different positions, the off position shall be indicated|by
the figure 0 and the position for a higher value,ssuch as output, input, speed or cooling effect,
shall be indicated by a higher figure.

The figure 0 shall not be used for any ather indication unless it is positioned and associajed
with other numbers so that it does_not give rise to confusion with the indication of the (off
position. The figure 0 may be used.on a digital programming keyboard.

Compliance is checked by inspéection.

7.11 Controls intended-to"be adjusted during installation or in normal use shall be provided
with an indication for the direction of adjustment.

NOTE An indication of+ and — is considered to be sufficient.

Compliance.js-checked by inspection.

7.12 ,Instructions shall be provided in hard copy form with the appliance so that the appliance
can be used safely.

Instructions may be marked on the appliance as long as they are visible in normal use.

NOTE |If the instructions are marked on the appliance they are considered to be provided in hard copy form.

If it is necessary to take precautions during user maintenance, appropriate details shall be
given.

The instructions shall state the substance of the following:

This appliance is not intended for use by persons (including children) with reduced physical,
sensory or mental capabilities, or lack of experience and knowledge, unless they have been
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given supervision or instruction concerning use of the appliance by a person responsible for
their safety.

Children should be supervised to ensure that they do not play with the appliance.

The instructions for appliances having a part of class Ill construction supplied from a
detachable power supply part shall state that the appliance is only to be used with the power
supply unit provided with the appliance.

The instructions for class lll appliances shall state that it must only be supplied at safety extra-
low voltage corresponding to the marking on the appliance. This instruction is not necessary
forlbattery-operated appliances if the battery is a primary battery or secondary battery
charged outside of the appliance.

For appliances intended for use at altitudes exceeding 2 000 m, the maximum altitiide of {ise
shall be stated.

The instructions for appliances incorporating a functional earth shall state the substance of the
following:

This appliance incorporates an earth connection for functional purposes.

For appliances intended to be connected to a supply for the purposes of recharging the battery,
the instructions shall state the substance of the following:

WARNING: Use only an external supply with the following specifications: <voltage 3and
nature of supply> <power / current of supply>

For appliances intended to be supplied from a detachable power supply part for the purposes
of fecharging the battery, the type reference of the detachable power supply part shall|be
stafed along with the substance of the following:

WARNING: Only use the supply unit provided with this appliance.

For appliances intended for use with\batteries that use metal-ion chemistries, the instructigns
shall state the normal temperature range for charging the battery.

If the symbol for detachable power supply part is used, its meaning shall be explained.
Compliance is checked\by inspection.

7.12.1 If it is necessary to take precautions during installation of the appliance, appropripte
defails shall be'given.

If gn appliance is intended to be permanently connected to the water mains and not connected
by [a hose-set, this shall be stated.

For appliances marked with different rated voltages or different rated frequencies (separated
by a /), instructions shall be included to indicate to the user or installer what action must be
taken to adjust the appliance for operation at the required rated voltage or rated frequency.

Instructions shall be provided. They shall include

a) explanation of the marking and symbols, if necessary;
b) information for incorporating the heating units into the building, in particular the following:

e precautions to be taken to avoid damage during installation, such as dropping sharp
objects or stepping on the heating unit, or careless pouring of concrete;

e dimensions and distances to be taken into account;
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e a statement that the heating units have to be separated from other heat sources such
as luminaires and chimneys;

e description of the fixing areas of the heating unit and the separate screen, if applicable;

e guidance on how to avoid air gaps between the flexible sheet heating element and the
screed of concrete floors;

e guidance on how to avoid damage to a flexible sheet heating element and its
terminations in timber constructions due to relative movement after installation;

e the lowest ambient temperature at which heating units are recommended for installation;

e the minimum radius for bending the flexible sheet heating element, It applicable;

e a statement that heating units are not to be installed across expansion jointstof fhe
building or structure;

e a statement to ensure that attachment of room fittings does not restrictheat emissjon
from heated areas.

Except for modular heating units, the instructions shall include the following:
e precautions to be taken to avoid creasing the flexible sheet heating element;
e a statement that the heating unit is not to be installed on irregular surfaces;

e a description of the intended orientation and a statement(that the heating unit is to|be
installed in this way (for heating units having non-symmetric construction);

a statement that national wiring rules can apply for the installation including the followinig:

e a statement that the heating units are to be supplied through a residual current deviice
(RCD) having a rated residual operating current not exceeding 30 mA. The RCD shall
not be of the time delayed type. Alternatively, except for installations in ro>Frs
surrounding swimming pools or walls below a height of 2,3 m, they may be suppljed
through an isolating transformer. This“statement is not required for class Ill heating
units and for applications in

— timber floors provided that the\instructions for installation state that there is to be|an
air gap between the heating,unit and the floor;

— timber ceilings;

— floors of concrete orsimilar materials in dry locations (dry locations are areas outsjde
zone 3 as defined-in IEC 60364-7-701) as long as the basic insulation and
additional electrical insulation each withstand the electric strength test of 16.3 |for
reinforced insulation;

e how to conpect heating units to the supply, giving the cross-sectional area of the leads,
if applicable;

e how tolinterconnect the heating units, giving the cross-sectional area of the leadq, if
applicable;

e (a,statement that heating units shall be installed to avoid increasing the ambient
temperature of any existing electrical installation;

the maximum current allowed to flow through one heating unit when other units are
supplied through it or when the current can vary depending on its length;

list of controls, unless they are incorporated into the heating unit;
the maximum thermal resistance between the heating unit and the room;

the type of covering materials that are allowed to be used in conjunction with the heating
units with a statement that the advice of the manufacturer is to be requested before
materials other than those recommended are used; the thickness of covering materials,
which for floors shall be at least 5 mm;

characteristics of the thermal insulation that is to be inserted between separate heating
units installed to heat a floor and the ceiling below it;

characteristics of the thermal insulation that is to be inserted between separate heating
units installed to heat both sides of a wall;


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

m)

—-42 - IEC 60335-2-96:2024 EXV © |IEC 2024

specification of any adhesive to be used;

a statement that a label is to be fixed adjacent to the distribution board and that it has to

contain the locations of the heating units;

if the heating units are installed in a suspended ceiling, or are accessible from the roof
space, a statement that a label giving this information is to be fixed to the access point of

the ceiling;

in applications in timber floors, a statement indicating that heating units having basic

insulation only shall be covered by additional electrical insulation or supplied through
isolating transformer.

NO
Anr

Co

7.1

ex AA.

mpliance is checked by inspection.

2.2 If a stationary appliance is not fitted with a supply cord and a plug; or with ot

prdvide full disconnection under overvoltage category Il conditions, the instructions shall st
that

w

r

Co

7.1
the
dui
prg

Co

71
foll

maans for disconnection from the supply mains having a contact separation”in all poles t

means for disconnection must be incorporated in the fixed wiring-ih accordance with
ng rules.

mpliance is checked by inspection.

2.3 If the insulation of the fixed wiring supplying an appliance for permanent connectiorn

supply mains can come into contact with parts Havihg temperature rise exceeding 5
ing the test of Clause 11, the instructions shall state that the fixed wiring insulation must
tected, for example, by insulating sleeving having an appropriate temperature rating.

mpliance is checked by inspection and during the test of Clause 11.

2.4 The instructions for built-in appliances shall include information with regard to
owing:

dimensions of the space to be-provided for the appliance;

space;
minimum distances between the various parts of the appliance and the surrounding struct
minimum dimensions of ventilating openings and their correct arrangement;

connection.of.the appliance to the supply mains and the interconnection of any separ
components;

necessity to allow disconnection of the appliance from the supply after installation, unlg
the( appliance incorporates a switch complying with 24.3. The disconnection may

an

[E 101 A summary of particular installation requirements for different applications is given in informaltive

her
hat
ate
the

to
D K
be

the

dimensions and position:of the means for supporting and fixing the appliance within this

ure;

ate

bSS
be
in

achieved by having the plug accessible or by incorporating a switch in the fixed wiring

ol HF e 1
aLlLurtudarict Wit i1 witiiTy TUiITo.

Compliance is checked by inspection.

7.12.5 For appliances with type X attachment having a specially prepared cord, the
instructions shall contain the substance of the following:

If the supply cord is damaged, it must be replaced by a special cord or assembly availa
from the manufacturer or its service agent.

ble

For appliances with type Y attachment, the instructions shall contain the substance of the

foll

owing:

If the supply cord is damaged, it must be replaced by the manufacturer, its service agent

or similarly qualified persons in order to avoid a hazard.
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For appliances with type Z attachment, the instructions shall contain the substance of the
following:

The supply cord cannot be replaced. If the cord is damaged, the appliance should be
scrapped.

If a cord set is required to be provided with the appliance according to Subclause 22.58, the
instructions shall contain the substance of the following:

If the cord set is damaged, it must be replaced by a special cord set available from the

manufacturer or its service agnnf

Compliance is checked by inspection.

7.12.6 If a non-self-resetting thermal cut-out is required in order to comply with this
standard, then the instructions for appliances incorporating a non-self-resetting thermal cut-
out that is reset by disconnection of the supply mains shall contain the,Substance of the
following:

CAUTION: In order to avoid a hazard due to inadvertent resetting-of the thermal cut-qut,
this appliance must not be supplied through an external switching device, such
as a timer, or connected to a circuit that is regularly switched on and off by the
utility.

Compliance is checked by inspection.
7.12.7 The instructions for fixed appliances shall'state how the appliance is to be fixed tqits

support. The method of fixing stated is not to depénd on the use of adhesives since they are
nof considered to be a reliable fixing means.

Compliance is checked by inspection.

7.12.8 The instructions for appliances connected to the water mains shall state:

— |the maximum inlet water pressure, in pascals;
— |the minimum inlet water\pressure, in pascals, if this is necessary for the correct operatjon
of the appliance.

The instructions for,appliances connected to the water mains by detachable hose-sets shall
state that the new hpse-sets supplied with the appliance are to be used and that old hose-sets
should not be reused.

Compliance _is checked by inspection.

7.12.9’, For each language, the instructions specified in 7.12 and from 7.12.1 to 7.12.8 s
be inhard —form-and-sha ar-tog be e—any hor instraet i Aith
appliance. Alternatively, these instructions may be supplied with the appliance separately from
any functional use booklet. They may follow the description of the appliance that identifies parts,
or follow the drawings/sketches common to the languages of the instructions.

In addition, instructions shall also be available in an alternative format such as on a website or
on request from the user in a format such as a DVD.

Compliance is checked by inspection.

7.12.101 The instructions for applications in floors of concrete or similar materials, including
concrete or similar materials laid on a timber floor, or under tiles shall state that

a) a grid is to be installed above the heating unit. The grid is to
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e Dbe protected against corrosion but not electrically insulated;

e be electrically and mechanically equivalent to a steel grid having a mesh not more than

50 mm x 50 mm and a wire diameter of 1 mm, unless the grid covers
— class Il heating units;
— heating units installed with additional electrical insulation;

o fully cover the heating unit including the fixing areas. It can cover several heating units;

e be connected to earth;

e be fitted with terminals suitable for the connection of two conductors each havin

nominal cross-sectional area of 2,5 mm?2;
e be checked for electrical continuity during installation.
The grid is not required for
e class Ill heating units;
e class Il heating units supplied through an isolating transformer;

e class Il heating units that are installed in dry locations (dry locations are areas outs
zone 3 as defined in IEC 60364-7-701) and are supplied throdgh a residual curr
device (RCD);

e heating units installed in dry locations (dry locations are areas outside zone 3
defined in IEC 60364-7-701) if the basic insulationand additional electrical insulat
each withstand the electric strength test of 16.3 ofcreinforced insulation;

e heating units incorporating a metallic shield orbraid having a resistance per unit len
equivalent to that of 0,5 mm2 copper wire;

when the heating units have been positioned, they must be covered with an additional la
of material for mechanical protection. If the-heating units are placed on concrete, a sim
layer is to be inserted between the heating unit and the concrete. Adjacent layers arg
overlap and be fixed to each other. The.layer is to extend up each wall to the surface le
of the screed. These statements arethot required if

e screened insulated heating wires are covered with a sheath complying with 21.103;
e the additional electrical insulation complies with the test of 21.102;

extra-low voltage, are provided with additional electrical insulation, this additio
insulation is to be placed directly on the heating unit;

parts of the building, such as water pipes.

2.102 The instructions for applications in metallic ceilings or metallic floors for heat

stalte that

de
ent

as
jon

gth

yer
lar

to
vel

when heating units having basic insulation only, other than those supplied at safpty

nal

class Il heating units are to be installed at a distance of at least 30 mm from conductjive

ng

ts with basic insulation only, other than those supplied at safety extra-low voltage, shall

theflexible sheet heating element is to be fully covered by the ceiling or floor;

the metallic parts of the ceiling or floor are to be earthed. The instructions shall state that
they have to be fitted with terminals suitable for the connection of two conductors each
having a nominal cross-sectional area of 2,5 mm?2 and explain how the connection to the
earthing terminal is to be made to ensure a low resistance. The statements regarding the

need for earthing are not required if it is stated that a layer of additional electrical insulat

ion

is to be installed between the heating unit and the ceiling. If this insulation is not provided,

the name of the manufacturer and reference of the insulation shall be given.

7.12.103 The instructions for applications on floors where the heating units are to be covered
by tiles shall state that the heating units are to be covered by additional electrical insulation,

unl

ess the heating units are class I, class Il or class lll.
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7.12.104 The instructions for flexible sheet heating elements that can be cut on site shall
state that this work is only to be carried out by persons authorized by the manufacturer and
shall give information on how to

— cut the flexible sheet heating elements;

— protect the edges of the flexible sheet heating elements;

— connect the supply leads to the interconnection leads and insulate the connections.

7.12.105 The instructions for heating units for storage heating applications shall specify
the rated charging period.

7.12.106 Unless heating units
— |incorporate a metallic shield or braid having a resistance per unit length equivalent to that
of 0,5 mm2 copper wire; or
— |are of class Ill; or

— |consist of a base material on which metallically screened electrically insulated heating wifes
are fixed and are for application in walls below a height of 1,2 m,

their instructions shall state that the heating units shall be of the’type constructed with|an
electrical conductive screen. The heating unit shall be installed(so that the screen is towafds
thg covering material.

The instructions for heating units which are for application‘in walls below a height of 1,2 m and
with a separate electrical conductive screen shall statéchat the screen shall be placed betwgen
thg covering material and the heating unit.

The instructions for heating units which are forapplication in walls, shall state that the heating
un|t shall be installed:

— |between 0,2 m and 1,2 m above theffloor; or
— |above 2,3 m above the floor.

The instructions for heating units which are for application in walls, shall include the substance
of {he following:

— |the screen is to be connected to the earthing conductor of the fixed installation;

— |if the heating unityis installed in an internal wall with the distance between the wall materials
less than 50 mim,the heating unit shall be installed so that the screen is towards the wall
covering material on both sides of the heating unit.

The instructions for heating units with detachable protection circuit shall give instructions
for|their installation.

7.13 N Instructions and other text required by this standard shall be written in an offigial
language of the country in which the appliance is to be sold.

Compliance is checked by inspection.
7.14 The markings required by this standard shall be clearly legible.

The signal words WARNING, CAUTION, DANGER if in the Latin alphabet shall be in uppercase
having a height not less than:

— 3,5 mm for appliances normally used on the floor;
— 2,0 mm for portable appliances with a printable surface of less than 10 cm?2; and

— 3,0 mm for other appliances.
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NOTE A height of 3,5 mm is similar to Arial 14 pt, 3,0 mm is similar to 12 pt Arial and 2,0 mm is similar to 8 pt Arial.
Other typefaces might differ in the pt value.

Uppercase letter of the text explaining the signal word shall be no smaller than 1,6 mm, with
other letters according to the font size of the uppercase letter.

Countries that do not use the Latin alphabet need to specify the minimum size of the script to
be used taking into account what is specified for the Latin alphabet.

be
us

enamel.

If gymbols are used relating to the intended installation or heating mode;ythe superimpoged
redtangle shall have a height of at least 15 mm.

Compliance is checked by inspection, by measurement and by rubbing’the marking by hand|for
15(s with a piece of cloth soaked with water and again for 15 s with.a piece of cloth soaked with
pelroleum spirit. The petroleum spirit to be used for the test is-aliphatic solvent hexane.

After all the tests of this standard, the marking shall be‘clearly legible. It shall not be eagily
possible to remove marking plates nor shall they show curling.

Moddification:
The test with petroleum spirit is not carried out.
7.15 The markings specified in 7.1 to-£5 shall be on a main part of the appliance.

Malrkings on the appliance shall.be clearly discernible from the outside of the appliance byt if
ne¢essary after removal of a cover. For portable appliances, it shall be possible to removg or
ope¢n this cover without the aid’of a tool.

For stationary appliances, at least the name or trademark or identification mark of the
malnufacturer or responsible vendor and the model or type reference shall be visible when the

is misleading.

The symbol IEC 60417-5018 (2011-07) shall be placed next to the symbol IEC 60417-5172
(2003-02) or the symbol IEC 60417-5180 (2003-02) as appropriate.

The type reference of the detachable power supply part shall be placed next to symbol
IEC 60417-6181 (2016-01).

The marking of the outlet load shall be on the appliance close to the appliance outlet or socket-
outlet.
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Modification:
Only the requirements for switches and controls are applicable.
Compliance is checked by inspection.

7.16 If compliance with this standard depends upon the operation of a replaceable thermal
link or fuse link, the reference number or other means for identifying the link shall be marked
at such a place that it is clearly visible when the appliance has been dismantled to the extent
necessary for replacing the link

NOTE Marking on the link is allowed as long as the marking is legible after the link has functioned.

This requirement does not apply to links which can only be replaced together with-avpart of the
appliance.

Compliance is checked by inspection.

7.101 A label that contains space for the locations of the heating units to be listed by the
insfaller shall be provided for each installation giving

— |the name, trademark or identification mark of the manufacturer or responsible vendor;
— |the model or type reference.

It ghall state the substance of the following:

— |flexible sheet heating units are installed in the ceiling, wall, or floor, as applicable;
— |do not restrict the thermal emission of the theated ceiling, wall or floor, as applicable;
— |do not affix materials other than those.reéommended;

— |do not insert nails, screws and do net drill in other than heating free areas;

— |this label shall be fixed to or adjacent to the distribution board that supplies the heating
unit.

If Heating units are installed in walls below a height of 1,2 m, the label shall state the locatigns
of {he heating free areas ar heated areas.

Compliance is checked by inspection.

8 | Protection‘against access to live parts

8.1 Appliances shall be constructed and enclosed so that there is adequate protectjon
agTinst accidental contact with live parts.

Compliance is checked by inspection and by the tests of 8.1.1 to 8.1.3, as applicable, taking
into account 8.1.4 and 8.1.5.

8.1.1 The requirement of 8.1 applies for all positions of the appliance when it is operated as
in normal use, and after the removal of detachable parts, unless otherwise specified.

Test probe B and test probe 18 of IEC 61032 are applied with a force not exceeding 1 N, the
appliance being in every possible position, except that appliances normally used on the floor
and having a mass exceeding 40 kg are not tilted. Through openings, the test probe is applied
to any depth that the probe will permit and is rotated or angled before, during and after insertion
to any position. If the opening does not allow the entry of the probe, the force on the probe in
the straight position is increased to 20 N when probe B is used or 10 N when probe 18 is used.
If the probe then enters the opening, the test is repeated with the probe in the angled position.
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During the tests with test probe B, all detachable parts are removed except lamps located
behind a detachable cover are not removed, provided that the appliance can be isolated from
the supply mains by means of a plug or an all-pole switch. However, during insertion or removal
of lamps which are located behind a detachable cover, protection against contact with live
parts of the lamp cap shall be ensured.

During the tests with test probe 18, the appliance shall be fully assembled as in normal use
without any parts removed.

Test probe 18 is not applied to appliances for commercial use unless they are intended to be
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falled in an area open to the public.

inary paper, cotton, oxide film, beads, or sealing compound except self-hardening res
h the probe.

.2 Test probe 13 of IEC 61032 is applied with a force not exceeding 1'\W)through openif
tlass 0 appliances, class Il appliances and class Il constructions, except for those giv
ess to lamp caps and live parts in socket-outlets.

[E Appliance outlets are not considered to be socket-outlets.

b test probe is also applied through openings in earthed metal enclosures having a n
pductive coating such as enamel or lacquer.

hall not be possible to touch live parts with the test probe.

.3 Instead of test probe B, test probe 18>and test probe 13, for appliances other th

hall not be possible to touch live parts or live parts protected only by lacquer,{enamel,

ns,

1gS
ing

an

tching action. It is also applied to parts supporting such elements, provided that it is obvi
m the outside of the appliance, without removing covers and similar parts, that the

supporting parts are in contact with the element.

It s

If 4
ful
1E(

hall not be possible to touch-these live parts.

single switching action’is obtained by a switching device, the switching device shall provj
disconnection and. the clearances for full disconnection specified in 20.3.3
[ 61058-1:2016 shall be obtained from Table 12 of IEC 61058-1:2016 using the next hig

step for rated impulse withstand voltage.

Fo
cir
out

[ appliancés provided with a supply cord and without a switching device in their sup
uit, a.sihngle switching action may be obtained by the withdrawal of the plug from a sock
let,

se of class I, test probe 41 of IEC 61032 is“applied with a force not exceeding 1 N to /%ve

rts of visibly glowing heating elements,<all poles of which can be disconnected by a single

us
pSe

ide
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Compliance is checked by inspection and by manual test.

8.1

or

4 An accessible part is not considered to be live if:

the part is supplied at safety extra-low voltage, provided that
e for AC, the peak value of the voltage does not exceed 42,4 V;

o for DC, the voltage does not exceed 42,4 V,

the part is separated from live parts by protective impedance.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 EXV © |IEC 2024 - 49 -

If protective impedance is used, the current between the part and the supply source shall not

exceed 2 mA for DC, its peak value shall not exceed 0,7 mA for AC and

— for voltages having a peak value over 42,4 V up to and including 450 V, the capacitance

shall not exceed 0,1 puF;

— for voltages having a peak value over 450 V up to and including 15 kV, the discharge shall

not exceed 45 uC;

— for voltages having a peak value over 15 kV, the energy in the discharge shall not exceed

350 mJ.

Compliance is checked by measurement, the appliance being supplied at rated voltage.

Voltages and currents are measured between the relevant parts and each pole of the’sup
souwrce. Discharges are measured immediately after the interruption of the supply.cThe quan|
of electricity and energy in the discharge is measured using a resistor having-a.hominal n
inductive resistance of 2 000 Q.

The quantity of electricity is calculated from the sum of all areas recorded on the voltage/ti
grdph without taking voltage polarity into account. Details of a suitable-circuit for measuring
cufrent are given in Figure 4 of IEC 60990:2016.

8.1.5 Live parts of built-in appliances, fixed appliances and appliances delivered i

separate units, shall be protected at least by basic insulation before installation or assemb

Compliance is checked by inspection and by applying<test probe B of IEC 61032 as specif
in 8.1.1.

8.2 Class Il appliances and class Il constructions shall be constructed and enclosed
that there is adequate protection against.accidental contact with basic insulation and me
palts separated from live parts by basic insulation only.

It $hall only be possible to touch-parts which are separated from live parts by dou
indulation or reinforced insulation.

Compliance is checked by inspection and by applying the test probes specified in 8.1.1
acg¢ordance with the conditions specified in 8.1.1.

8.3 For a battery-operated appliance where the battery circuit has a functional ed
compartmentawvhere:

— |in class-1 appliances, class 0l appliances and class Il appliances, they are separa
from live parts by double insulation or reinforced insulation,;

co:Lnection or a. supply connection, it shall only be possible to touch parts within a battery

jied

o)
btal

ble

rth

ted

— |injelass 0 appliances, they are separated from live parts by basic insulation;

— the battery compartment is of class Ill construction. However, if the limits in 8.1.4 are

exceeded, then basic insulation is required in addition to supply at SELV.

Compliance is checked by inspection and by applying the test probes specified in 8.1.1
accordance with the conditions specified in 8.1.1.

9 Starting of motor-operated appliances

This clause of Part 1 is not applicable.

in


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

-50 - IEC 60335-2-96:2024 EXV © |IEC 2024

ing

10 Power input and current
10.1 If an appliance is marked with rated power input, the power input at normal operat
temperature shall not deviate from the rated power input by more than the deviation shown in
Table 1.
Table 1 — Power input deviation
Type of appliance Rated power input Deviation
\AL
All appliances <25 +20 %
Heating appliances and >25 and <200 +10 %
combined appliances
>200 +5 % or 20 W
(whichever is the
greater)
-10 %
Motor-operated >25 and <300 +20'%
appliances
>300 +15(%,or 60 W
(whichever is the
greater)
The deviation for motor-operated appliances applies for\combined appliances if the pov
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ut of the motors is more than 50 % of the rated power input. The permissible deviatig
ly for both limits of the range for appliances manked with a rated voltage range hav
ts differing by more than 10 % of the arithmeticamean value of the range.

case of doubt, the power input of the motors'may be measured separately.

mpliance is checked by measurement when the power input has stabilized with:

all circuits which can operate simultaneously being in operation;
the appliance being.supplied at rated voltage;
the appliance béing operated under normal operation.

he power inpUt 'varies throughout the operating cycle and its maximum value exceeds tw
arithmeticymean value occurring during a representative period, then the power input is
ximum-value of the power input that is exceeded for more than 10 % of the representat
iod ifthis value is greater than the arithmetic mean value. Otherwise the power input is tal
thésarithmetic mean value.

ver
ns

ng

b requirement also applies to the rated power input per metre length of flexible sheet
heating elements.

ice
the
ive
en

NOTE Guidance on the measurement of power input concerning a representative period is given in informative
Annex S.

The test is carried out at both the upper and lower limits of the ranges for appliances marked
with one or more rated voltage ranges, unless the marking of the rated power input is related
to the arithmetic mean value of the relevant voltage range, in which case the test is carried out
at a voltage equal to the arithmetic mean value of that range.

Appliance outlets accessible to the user and socket-outlets accessible to the user that:

are incorporated in appliances connected to the supply mains; and
operate at rated voltage
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are not loaded during the test; however, their contribution to the power input is considered to
be the marked outlet load per appliance outlet or socket-outlet.

10.2 If an appliance is marked with rated current, the current at normal operating temperature
shall not deviate from the rated current by more than the deviation shown in Table 2.

Table 2 — Current deviation

Type of appliance Rated current Deviation
A
All appliances <0,2 +20 %
Heating appliances and >0,2 and <1,0 +10 %
combined appliances
>1,0 +5 % or 0,10 A
(whichever is the
greater)
-10 %
Motor-operated >0,2 and <1,5 +20 %
appliances
>1,5 +15 %-0¢0,30 A
(whichever is the
greater)

The deviation for motor-operated appliances applies forxcombined appliances if the current
of {he motors is more than 50 % of the rated current. The‘permissible deviations apply for bpth
limjts of the range for appliances marked with a rated, voltage range having limits differing| by
mofre than 10 % of the arithmetic mean value of the’range.

In ¢ase of doubt, the current of the motors may-be measured separately.

Compliance is checked by measurement.\when the current has stabilized with:

— |all circuits which can operate simultaneously being in operation;
— |the appliance being supplied at rated voltage;
— |the appliance being operated under normal operation.

~.

If the current varies throughout the operating cycle and its maximum value exceeds twice|its
arithmetic mean value occurring during a representative period, then the current is the maximum
value of the current-that is exceeded for more than 10 % of the representative period if this
value is greaterthan the arithmetic mean value. Otherwise the current is taken as the arithmetic
mejan value.

NOTE Guidance on the measurement of current concerning a representative period is given in informative Annek S.

Thetest is carried out at both the upper and lower limits of the ranges for appliances marked
with one or more rated voltage ranges, unless the marking of the rated current s related to
the arithmetic mean value of the relevant voltage range, in which case the test is carried out at
a voltage equal to the arithmetic mean value of that range.

Appliance outlets accessible to the user and socket-outlets accessible to the user that:

— are incorporated in appliances connected to the supply mains; and

— operate at rated voltage

are not loaded during the test; however, their contribution to the current is considered to be the
marked outlet load per appliance outlet or socket-outlet.
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11 Heating
11.1 Appliances and their surroundings shall not attain excessive temperatures in normal use.

Compliance is checked by determining the temperature rise of the various parts under the
conditions specified in 11.2 to 11.7.

The tests are carried out in a room that is maintained at an ambient temperature of 20 °C = 2 °C.

11 0—Heat L L — PR L L s ; ith
11)2.101.

Madular heating units for suspended ceilings are positioned in accordance with 17:2.102.
Hepting units intended to be installed in floors are positioned in accordance-with 11.2.103.

Separate heating units intended to heat a timber floor and the ceiling bejow it are positioned
in accordance with 11.2.104.

Hepting units intended to be installed in timber walls below 1,2 nrare positioned in accordafgce
with 11.2.105.

Separate heating units intended to heat both sidescof a timber wall are positioned| in
acc¢ordance with 11.2.106.

Hepting units intended to be installed in walls oragainst walls of concrete or similar materials
arg positioned in accordance with 11.2.107.

If 4 heating unit is provided with a thermostat having a separate sensor, the sensor is locafed
on|the centre line of one of the adjacent heating units but at a minimum of 0,3 m outside fhe
arga of the thermal insulation placed\on the floor and at a minimum 0,3 m from the edge of fthe
heated area.

11]2.101 Heating units ,intended to be installed in a timber ceiling are placed in a test
framework, as shown in .Figure 101. An area of at least 4 m? having a shorter dimension pot
lesis than 2 m is covered.by at least three heating units, the unit under test being placed in fhe
middle. The heating units are installed in accordance with the instructions, attention being plaid
to Wwhere they cah be located under parts of timber structures such as cross-members. The
upper side of the heating units is fully covered by a layer of thermal insulation having a thergal
resistance ofapproximately 5 m?K/W. The underside of the heating units is covered with the
t unfavaourable material listed in the instructions.

test framework is suspended so that there is a space having a height of approxima

;

is surrounded by wooden boards extending approximately 0,2 m below its lower surface.

If the instruction for installation allows the use of gypsum boards as a covering material, an
additional test is carried out using this material.

Heating units intended to be installed in a metallic ceiling are installed in accordance with the
instructions.
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11.2.102 Nine modular heating units are installed in accordance with the instructions. They
are arranged in a three-by-three matrix, the heating unit under test being located in the centre
as shown in Figure 102. However, if a dimension of the matrix is less than 1,8 m, additional
heating units are installed. The upper surface of the matrix is fully covered with a layer of
thermal insulation so that the total thermal resistance above the flexible sheet heating
elements is approximately 5 m2K/W. The insulation is positioned so that it is in full contact with
the top surfaces of the heating units.

The test framework is suspended so that there is a space having a height of approximately
0,3 m above its upper surface and at least 1,5 m below its lower surface. The test framework is
ged by Woodern boards extending approximately 0,2 1 below 1 ower surface anajup

1142.103 Heating units intended to be installed in a timber floor are placed in a test framewprk,
as|shown in Figure 103. Heating units intended to be installed on top of a timber floor are
ed in a test framework as shown in Figure 104. An area of at least 4 m2 having a shofter
dimension not less than 2 m is covered by at least three heating units, the unifunder test bejng
ed in the middle. Thermal insulation having a thermal resistance of appfoximately 5 m?H/W
is located below the heating units. The heating units are installed/ifi accordance with fhe
insfructions for installation, attention being paid to where they can bgJocated over parts of fhe
ber structure such as cross-members. The upper side of the framework is covered with fhe
mast unfavourable floor with regard to the total thermal resistance in accordance with fhe
insfructions for installation, an air gap being maintained as shewn in the figures, if specified in

pve its upper surface. The test framework is surrounded by wooden boards extending at lejast

diece of thermal insulation having a thermaltesistance of approximately 1,25 m2K/W is plaged
on|the floor centrally across the heating units, as shown in Figure 103 and Figure 104. The

Hepting units intended to be installed in a floor of concrete or similar materials are placed|as
shewn in Figure 105. Heating-tnits intended to be installed above a floor of concrete or simflar
terials are placed as shown in Figure 106. Heating units are installed in accordance with
thg instructions for installation, any specified additional electrical insulation being placed oyer
m. An area of at least 4 m2, having a shorter dimension not less than 2 m, is covered by at
lealst three heating units, the unit under test being placed in the middle. Thermal insulatjon
having a thermal‘résistance of approximately 2,5 m2K/W is located underneath the heating
unjts. For heating units intended to be installed in concrete or similar materials, the thermal
insulation is-supported by a dull black painted plywood board approximately 20 mm thick.

The heating units are covered with the additional layer, if specified in the instructions. They
arg then covered with a layer of concrete approximately 40 mm thick or the thickness stated in
the instructions, whichever IS greater. Instead of pouring concrete, the concrete layer may
consist of concrete slabs 40 mm thick and having dimensions at least 500 mm x 500 mm, the
gaps between the slabs being filled with dry sand. If the heating unit is intended for a storage
heating application, the thickness of the concrete is increased to 80 mm. The concrete layer
is not included for heating units intended to be installed on top of a concrete floor. A grid is
included in the test arrangement if specified. The floor is covered with the most unfavourable
flooring material listed in the instructions for installation. There is a free space of at least 1,5 m
above the floor.

Thermal insulation may be used instead to represent the most unfavourable flooring material.
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A piece of thermal insulation having a thermal resistance of approximately 1,25 m2K/W is placed
on the floor centrally across the heating units, as shown in Figure 105 and Figure 106. The

insulation has a length of 0,8 m and a width equal to that of the heating unit.

Part of the thickness of concrete may be replaced by sand provided that the thermal resistance

is maintained.

Care shall be taken to minimize air gaps in the floor and between the slabs of concrete.

he

In arder to measure the highnef temperature rise of the floor it can bhe necessary to repeat
with the covering material having the minimum thickness specified in the instructions.

Hepting units intended to be installed in metallic floors are installed in accordance ‘with
insfructions.

1142.104 Separate heating units intended to heat a timber floor and the c€iling below it
installed in a test framework shown in Figure 107 in accordance with the~instructions. An a

of ht least 4 m?2 having a shorter dimension not less than 2,0 m is cavered by two sets of

t three heating units separated by thermal insulation. The heating units under test
ed in the middle, one over the other. The insulation h&as~a thermal resistance
approximately 1,45 m2K/W unless a lower value is specified i’ the instructions. The ot
deftails for the arrangement are as specified in 11.2.101 and-14./2.103 for timber constructio

1142.105 Heating units intended to be installed in timber walls below 1,2 m are placed i
test framework, as shown in Figure 108. An area ofat. least 4 m?2 having a shorter dimens
nol less than 2 m is covered by at least three heating units, the unit under test being plaq
in the middle. The heating units are installed>in accordance with the instructions, attent
being paid to where they can be located under parts of timber structures such as cross-memb

The side, towards the room to be heated, of the heating units is covered with the m|
unfavourable covering material listed ifi‘the instructions. The side without the heating units

2 K/W and which is held againstithe heating unit according to the instructions for installaf

iece-of*thermal insulation having a thermal resistance of approximately 1,25 m2 K/W
ed‘against the wall towards the room centrally across the heating units, as shown

the
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covered by a layer of thermallinsulation having a thermal resistance of approximafely
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Figure-108. The insulation has a length of 0,8 m and a width equal to that of the heating ur

If the instruction for installation allows the use of gypsum boards as a covering material,
additional test is carried out using this material.

)it

an

Heating units intended to be installed in a metallic wall are installed in accordance with the

instructions.
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11.2.106 Separate heating units intended to heat a timber wall on both sides are installed in
a test framework shown in Figure 109 in accordance with the instructions. An area of at least
4 m?2 having a shorter dimension not less than 2,0 m is covered by two sets of at least three
heating units separated by a thermal insulation. The heating units under test are placed in
the middle, one opposite the other. The insulation has a thermal resistance of approximately
1,45 m?K/W unless a lower value is specified in the instructions. The test framework is
surrounded by wooden boards extending approximately 0,2 m from the covering material. The
other details for the arrangement are as specified in 11.2.101 and 11.2.103 for timber
constructions.

A giece of thermal insulation having a thermal resistance of approximately 0,9 m<K/W is pla¢ed
against one of the walls centrally across the heating units, as shown in Figure 109 ~The
insulation has a length of 0,8 m and a width equal to that of the heating unit.

11]2.107 Heating units intended to be installed in a wall of concrete or similar_giaterials are
placed as shown in Figure 110. Heating units intended to be installed againsta wall of concrgte
or |similar materials are placed as shown in Figure 111. Heating units-are installed| in
acg¢ordance with the instructions for installation, any specified additional ‘electrical insulatjon
being placed against them. An area of at least 4 m?, having a shorter‘dimension not less than
2 m, is covered by at least three heating units, the unit under testieing placed in the middle.
Thermal insulation having a thermal resistance of approximately'2)5 m2K/W is located on the
bac¢k side of the heating units. For heating units intended to be installed in concrete or simjlar
mayterials, the thermal insulation is supported by a ddll -black painted plywood board
approximately 20 mm thick.

The heating units are covered with the additional dayer, if specified in the instructions. They
arg then covered with a layer of concrete approximately 40 mm thick or the thickness stated in
theg instructions, whichever is greater. Instead.of pouring concrete, the concrete layer may
consist of concrete slabs 40 mm thick and having dimensions at least 500 mm x 500 mm, the
gaps between the slabs being filled with fine‘grain concrete. If the heating unit is intended|for
a storage heating application, the thickhess of the concrete is increased to 80 mm. The
comcrete layer is not included for heating units intended to be installed against a concrete wall.
A grid is included in the test arrangément if specified. The wall is covered with the mpst
unfavourable covering material listed in the instructions for installation. There is a free space
of at least 1,5 m from the wall:[[he test framework is surrounded by wooden boards extendjng
approximately 0,2 m from the'covering material.

Care shall be taken to minimize air gaps in the wall and between the slabs of concrete.

11{3 Temperature) rises, other than those of windings, are determined by means| of
thdrmocouplesshaving a diameter not exceeding 0,3 mm positioned so that they have minimum
effect on the\temperature of the part under test.

Thermacouples used for determining the temperature rise of the surface of walls, ceiling gnd
floor.ef’the test corner are attached to the back of small blackened disks of copper or brass,
15 mmmrimafameteramd T thick. The fromt of the diskis flusirwithr the-surface of the board.

As far as is possible, the appliance is positioned so that the thermocouples detect the highest
temperatures.

If it is necessary to dismantle the appliance to position thermocouples, verify that the appliance
has been correctly reassembled. In case of doubt, remeasure the power input or input current
as appropriate.

The temperature rise of electrical insulation, other than that of windings, is determined on the
surface of the insulation at places where failure could cause:

— a short circuit;
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— contact between live parts and accessible metal parts;
— bridging of insulation;
— areduction of clearances or creepage distances below the values specified in Clause 29.

NOTE 1 The point of separation of the cores of a multicore cord and the point where insulated wires enter
lampholders are examples of places where thermocouples are positioned.

Temperature rises of windings are determined by the resistance method unless the windings
are non-uniform or if it is difficult to make the necessary connections, in which case the
temperature rise is determined by means of thermocouples. At the beginning of the test, the
windings are to be at room temperature.

-

The temperature rise of a winding is calculated from the formula:
At= BB (kv t) — (t~ ty)
1

where

At |is the temperature rise of the winding;
R4|is the resistance at the beginning of the test;

R,|is the resistance at the end of the test;

k |is equal to

o 225 for aluminium windings and copper/aluminium windings with an aluminium content
2 85 %,

e 229,75 for copper/aluminium windings ‘with an copper content > 15 % to < 85 %,

e 234,5 for copper windings and cepper/aluminium windings with an copper content
2 85 %;

t; |is room temperature at the beginning of the test;

t, |is room temperature at the ehd of the test.

NOTE 2 The resistance of windings“at the end of the test can be determined by taking resistance measuremg¢nts
as goon as possible after switching off and then at short intervals so that a curve of resistance against time can be
ploffed for ascertaining the resistance at the instant of switching off.

114 Heating appliances are operated under normal operation and at 1,15 times rated
poer input.

11)5 Motor-operated appliances are operated under normal operation and supplied with
the most.unfavourable voltage between 0,94 times and 1,06 times the rated voltage.

11{6°Combined appliances are operated under normal operation and supplied with the mpst
unfavourable voltage between 0,94 times and 1,06 times the rated voltage.

11.7 Heating units are operated until steady conditions are established.

Heating units for storage heating applications are operated as specified for normal
operation or until the charging control operates for the first time if this occurs first.

Appliance outlets accessible to the user and socket-outlets accessible to the user are loaded
with a resistive load that gives the marked outlet load.

For appliances incorporating integral batteries or separable batteries not disconnected from
the appliance for charging purposes:
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the battery that has been fully discharged is charged for 1 h, while the appliance is

operated continuously performing its intended function, if allowed by the construction of the

appliance;

the battery that has been fully discharged is charged, for a duration of 24 h or until it is

fully charged whichever is shorter, without the battery-operated appliance performing its

intended function.

NOTE The duration of the test can consist of more than one cycle of operation.

11.8 During the test, the temperature rises are monitored continuously and shall not exceed

the values shown in Table 3.

If the temperature rise of the motor winding exceeds the value specified in Table 3 or'if ther¢ is
doyibt with regard to the temperature classification of the insulation of the motor,the testg of
nofmative Annex C are carried out.
Protective devices shall not operate and sealing compound shall not ‘flow out. Howeyer,
components in protective electronic circuits are allowed to operate provided they are tested
for|the number of cycles of operation specified in 24.1.4.
Table 3 — Maximum normal temperaturerises
Part Temperature rise
K
Windings 2, if the winding insulation according to IEC 60085/is:
— ¢lass 105 (A) 75 (45)
— ¢lass 120 (E) 90 (40)
— ¢lass 130 (B) 95 (45)
— ¢lass 155 (F) 115
— ¢lass 180 (H) 140
— ¢lass 200 (N) 160
— ¢lass 220 (R) 180
— ¢lass 250 210
Pihs of appliance inlets:
— for very hot conditions 130
— Jor hot conditions 95
— for cold conditions 45
Pihs of appliancesfor insertion into socket-outlets, pins of plug connectors inserted into 45
afdpliance outlets-accessible to the user and plugs inserted into socket-outlets accessible
tolthe user
Tdrmingls)including earthing terminals and functional earthing terminals, for external 60
canddgtors of stationary appliances, unless they are provided with a supply cord
Armbierttof sSwitctes, thermostats and temperatare finmiters: b
— without T-marking 30
— with T-marking T-25
Rubber, polychloroprene or polyvinyl chloride insulation of internal and external wiring,
including supply cords:
— without temperature rating or with a temperature rating not exceeding 75 °C 50
— with temperature rating (T)1 where T exceeds 75 °C T-25
Cord sheaths used as supplementary insulation 35
Sliding contacts of cord reels 65
50 ¢

Points where the insulation of wires can come into contact with parts of a terminal block or
compartment for fixed wiring, for a stationary appliance not provided with a supply cord.
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Part Temperature rise

K

Rubber, other than synthetic, used for gaskets or other parts, the deterioration of which
could affect safety:

— when used as supplementary insulation or as reinforced insulation 40

— in other cases 50

Lampholders with T-marking 9

— B15 and B22 marked T1 140
— B15 and B22 marked T2 185
— pther lampholders T-2§
Lgmpholders without T-marking 9

— E14 and B15 110
— B22, E26 and E27 140
— pther lampholders and starter holders for fluorescent lamps 55

Material used as insulation, other than that specified for wires and windings: ©
— Impregnated or varnished textile, paper or press-board 70

— laminates bonded with:

* melamine-formaldehyde, phenol-formaldehyde or phenol-furfural resins 85 (145)
* brea-formaldehyde resin 65 (190)
— printed circuit boards bonded with epoxy resin 120

— [noulding of:

* phenol-formaldehyde with cellulose fillers 85 (145)
* phenol-formaldehyde with mineral fillers 100 (240)
* melamine-formaldehyde 75 (140)
* urea-formaldehyde 65 (140)
— polyester with glass reinforcement 110

— gilicone rubber 145

— polytetrafluoroethylene 265

— pure mica and tightly sintered ceramic material when such materials are used as 400

sypplementary insulation‘or reinforced insulation

— thermoplastic matérial ' -

Whpod, in generalh? 65
— Wooden supports, walls, ceiling and floor of the test corner and wooden cabinet:

« stationary appliances liable to be operated continuously for long periods 60
» pthér’appliances 65

Outer surface of capacitors: "
— with marking of maximum operating temperature (T): T-25

— without marking of maximum operating temperature:

* small ceramic capacitors for radio and television interference suppression 50
* capacitors complying with IEC 60384-14:2013 including IEC 60384-14:2013/AMD1:2016 50
* other capacitors 20

External enclosure of motor-operated appliances except handles held in normal use:™
— of bare metal 48
— of coated metal" 59

— of glass and ceramic 65
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Part Temperature rise
K
— of plastic having a thickness exceeding 0,4 mm' 74

Surfaces of handles, knobs, grips and similar parts which are continuously held in normal
use (e.g. soldering irons):™

— of bare metal 30
— of coated metal" 34
— pfporcetarrorvitreous Tatertat %40
— of rubber or of plastic having a thickness exceeding 0,4 mm' 50
— of wood 50
S{rfaces of handles, knobs, grips and similar parts® which are held for short periods only

inlnormal use (e.g. switches):™

— ¢of bare metal 35

— ¢f coated metal" 39

— of porcelain or vitreous material 45

— 9f rubber or of plastic having a thickness exceeding 0,4 mm' 60

— of wood 65

P3rts in contact with oil having a flash-point of t °C t-50

NOQTE 1 If other materials than those mentioned in the table are used, they are not to be subjected |to

tenperatures in excess of their thermal capabilities as determined by ageing tests.

NQTE 2 The values in the table are based on an ambient temperature not normally exceeding 25 °C Rut

ogcasionally reaching 35 °C. However, the temperature rise values specified are based on 25 °C.

NOQTE 3 The temperature of the terminals of switchés is measured if the switch is tested in accordance wjth

ngrmative Annex H.

8 | To allow for the fact that the average température of windings of universal motors, relays, solenoids and similar
components is usually above the temperature at the points on the windings where thermocouples are placqd,
the figures without parentheses apply when the resistance method is used and those within parentheses apply

apply in both cases.

The temperature rise limit of windings in transformers and inductors mounted on printed circuit boards is eql
to the thermal class of the winding insulation reduced by 25 K provided the largest dimension of the windi
does not exceed 5 mm.inh cross section or length.

For motors constructed so that the circulation of air between the inside and the outside of the case is prevent
but which are pot.necessarily sufficiently enclosed to be considered airtight, the temperature rise limits m
be increased:by 5 K.

For hermretically sealed motors, the temperature rise limit may be increased by 8 K.
T meanis'the maximum ambient temperature in which the component or its switch head can operate.

The ambient is the temperature of the air at the hottest point at a distance of 5 mm from the surface of |

when thermocouples are used. For windings of vibrator coils and AC motors, the figures without parentheses

al
hg

he

component concerned. However. if a thermostat or a temperature limiter is mounted on a heat-conducti

ng

part, the declared temperature limit of the mounting surface (Ts) is also applicable. Therefore, the temperature

rise of the mounting surface has to be measured.

The temperature rise limit does not apply to switches or controls tested in accordance with the conditio
occurring in the appliance.

This limit may be exceeded if the instruction specified in 7.12.3 is supplied.

ns

Locations for measuring the temperature rises are specified in Table 12.1 of IEC 60598-1:2014 including

IEC 60598-1:2014/AMD1:2017.
The values in parentheses apply to locations where the part is fixed to a hot surface.

There is no specific limit for thermoplastic material. However, the temperature rise has to be determined
order that the tests of 30.1 can be carried out.

The limit specified concerns the deterioration of wood and it does not take into account deterioration of surfa
finishes.

in

ce
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There is no limit for the temperature rise of capacitors that are short-circuited in 19.11.

Temperature marking for capacitors mounted on printed circuit boards may be given in the technical sheet.
IEC 60245 Types 53 and 57 supply cords have a T rating of 60 °C;

IEC 60245 Type 88 supply cords have a T rating of 70 °C;

IEC 60227 Types 52 and 53 supply cords have a T rating of 70 °C;

IEC 60227 Types 56 and 57 supply cords have a T rating of 90 °C;

IEC 62821 Types 101 and 101f supply cords have a T rating of 70 °C;

IEC 62821 Types 102 and 102f supply cords have a T rating of 70 °C.

The temperature rise limits of controls actuated by contact or proximity of a finger, with no movement-af\the
contact surface also includes all surfaces within 5 mm of such controls, regardless of their shape.

The temperature rise limit of plastic also applies for plastic material having a metal finish of thickness less
than 0,1 mm.

D
Q

When the thickness of the plastic coating does not exceed 0,4 mm, the temperature rise [imits of the coat
metal or of glass and ceramic material apply.

Metal is considered coated when a coating having a minimum thickness of 90 um made€ by enamel, powder|or
non-substantially plastic coating is used.

Th

b temperature rise of surfaces shall not exceed the values shown in Table 101.

Table 101 — Temperature rise limits for surfaces

Part Temperature rise
K
Flpor surface, 5 cm outside the edge of the piece of thermal insulation 222
Wpod of the test framework 60
Sirface of the flexible sheet heating element.and additional electrical insulation® -

a

For storage heating applications, the\temperature rise may be up to 4 K higher for a period not exceedihg
3 h.

No temperature rise limit is specified. However, the temperature has to be determined in order that other tegts
of the standard can be carried out.

12

Ch

cell to exceed its specified operating region for charging.

Co
wit

Charging of metal-ion batteries

arging a battery that uses metal-ion chemistry under normal operation shall not cause any

mpliance is checked using a battery that has been fully discharged, by charging the battery,

h\the charging system indicated in the instructions, at an ambient temperature| of

20

°C £ 5 °C, irrespective of the minimum and maximum ambient temperatures for charging the

battery specified in the instructions.

If the manufacturer’s specified:

minimum ambient temperature for charging the battery is less than 10 °C, the test is
repeated at the specified minimum ambient temperature +0 °C;

maximum ambient temperature for charging the battery is greater than 40 °C, the test is
repeated at the specified maximum ambient temperature *8 °C.

For all individual cells, the voltage, the temperature and the charging current are monitored.
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In the case of parallel configurations, analysis may be used to avoid measuring the individual
branch currents. The result shall not exceed the specified operating region for charging (e.g.
limits of voltage and current dependent on the temperature).

NOTE 1 The following are example results of such analysis:

The charging current for each branch of a parallel connection would not need to be monitored, if:

— the maximum deliverable current of the charging system did not exceed the maximum charging current of a
single cell; or

— for cells with identical specifications, the maximum deliverable current of the charging system divided by the

number of branches of parallel connections does not exceed the maximum charging current of a single cell.

Currents measured during battery charging shall be the average current over a period of between 1 s and % s.

The location of thermocouples for each cell temperature measurement shall be on<the odter
sufface, halfway along the longest dimension of the cell.

NOTE 2 A specially prepared battery can be used for this test.

For each cell, the specified operating region for charging specified by-the cell manufacturer
shall not be exceeded at the temperature of the cell (Tg).

WHhen the test is carried out at an ambient temperature of 20 °C@*5 °C

= |Tcenn = Tmeas * (Tamb(max) = Tamb(test))> for the maximum recommended ambient temperatuire
for charging;
= | Tcenn = Tmeas = (Tamb(test) = Tamb(min)): for the minimum recommended ambient temperatire

for charging.

WHen the test is carried out at the recommended ambient temperature for charging, T, =

Tmaas
where
Tmeas is the cell surface temperature measured during the test;
Teen is the cell .surface temperature specified by the cell manufacturer;
T amb(max) is the. maximum ambient temperature for charging specified by the
manufacturer;
Tamb(min) is -the minimum ambient temperature for charging specified by [he
manufacturer;
Tamb(test) is the ambient temperature of the test room during the test.

Fof batteries where the cells are configured in series, the test is repeated with the charge in
. The imbalance is introduced into a battery that is fylly

If it can be demonstrated that an imbalance less than 50 % would actually occur in normal
operation, then this lower imbalance may be used.

This may be demonstrated by operating the battery in cycles. Each cycle starts with the battery
fully discharged then the battery is fully charged. The cycling is continued until the battery
capacity has decreased to 80 % of its rated capacity. The imbalance at this decreased capacity
is then used.

Use of a lower imbalance may also be demonstrated through evaluation of those designs that
employ circuitry intended for maintaining balance between cells in the battery. Batteries with
a small number of cells in series may be shown to exhibit limited imbalance in practice, if
charging ceases with the battery prepared with a smaller initial imbalance.
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Leakage current and electric strength at operating temperature

1 At operating temperature, the leakage current of the appliance shall not be excessive
and its electric strength shall be adequate.

Compliance is checked by the tests of 13.2 and 13.3.

The appliance is operated under normal operation for the duration specified in 11.7.

Heptingappliancesare operatedat 1,15 times the rated-powerinput.
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dimensions specified. If its area is smaller than the surface under test, it is moved to test

pa

tage.

parallel.

Pr;;tective impedance and radio interference filters are disconnected before carrying out the

S.

h respect to its electrical insulation characteristics being used.
p concrete shall be fully dry before the test.

2 The leakage current is measured by ‘méans of the circuit described in Figure 4

b leakage current is measured between any pole of the supply and:

and class 0l appliances;

metal foil having anvarea not exceeding 20 cm x 10 cm which is in contact with accessi
surfaces of insulating materials and metal parts not intended to be connected to protect

appliances.

b metal (foil has the largest area possible on the surface under test without exceeding

ts/of-the surface. The heat dissipation of the appliance is not to be affected by the metal f

accessible metal parts.intended to be connected to protective earth, for class I appliang¢

tor-operated appliances and combined appliances are supplied at 1,06 times' rated

ree-phase appliances, which according to the instructions for installation-are also suitaple
single-phase supply, are tested as single-phase appliances with the threercircuits connected

p heating units are installed as specified in 11.2, the mgost unfavourable covering matefial

of

[ 60990:2016. For class 0l appliances @nd class | appliances, except parts of class Il
nstruction, C may be replaced by a‘low impedance ammeter responding to the rated
frequency of the appliance.

es

ble
ive

earth, for class )0 appliances, class Il appliances, class Il constructions and class Il

the
all
oil.

For single-phase appliances, the measuring circuit is shown in the following figures:

if they are class Il appliances or parts of class Il construction, Figure 1,
if they are neither class Il appliances nor parts of class Il construction, Figure 2.

The leakage current is measured with the selector switch in each of the positions a and b.

For three-phase with neutral (3N~) connected appliances, the measuring circuit is shown in the
following figures:

if they are class Il appliances or parts of class Il construction, Figure 3;

if they are neither class Il appliances nor parts of class Il construction, Figure 4.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 EXV © |IEC 2024 - 63 -

The leakage current is measured with the switches a, b and c in the closed position. The
measurements are then repeated with each of the switches a, b and ¢ open in turn, the other
two switches remaining closed. For three-phase without neutral (3~) connected appliances, the
measuring circuit in Figure 3 or Figure 4 shall be used as applicable, but the neutral is not
connected to the appliance.

After the appliance has been operated for a duration as specified in 11.7, the leakage current
shall not exceed the following values:

— for class Il appliances and for parts 0,35 mA peak
-of-elassHeonstruction

— |for class 0 and class Ill appliances 0,7 mA peak

— |for class 0I appliances 0,5 mA

— |for portable class | appliances 0,75 mA

— |for stationary class | motor-operated appliances 3,5 mA

— |for stationary class | heating appliances 0,75 mA or 0,75:mA per kW rated
power input of‘the appliance with a
maximumn.of 5 mA, whichever| is
higher,

For combined appliances, the total leakage current may be, within the limits specified |for
heating appliances or motor-operated appliances, whichgveris the greater, but the two linpits
arg not added.

If the appliance incorporates capacitors and is<provided with a single-pole switch, the
melasurements are repeated with the switch in the off position.

If the appliance incorporates a thermal control which operates during the test of Clause 11, the
leakage current is measured immediately.before the control opens the circuit.

NOTE The test with the switch in the off position is carried out to verify that capacitors connected behind a sinple-
pol¢ switch do not cause an excessive leakage current.

WARNING — In order to avoid ah-electric shock hazard, the appliance shall be supplied throgygh
anlisolating transformer or_it:shall be insulated from earth.

The value specified foriclass 0 appliances applies to heating units having basic insulation
only.

The value spetified for class Il appliances applies to heating units intended to be instaljed
on|a conduetive surface and those covered by concrete or similar materials.

If the heating unit is intended to be installed on a conductive surface or covered by concrgte
or similar materials, any additional electrical insulation specified in the instructions is placed in
position.

Grids and screens of insulated heating wires are disconnected from earth.

The metal foil is placed on accessible surfaces. It is connected to the metal support of the test
arrangement when testing modular heating units. The metal foil is not brought into contact
with the terminations of grids or screens of insulated heating wires.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

13.

- 64 - IEC 60335-2-96:2024 EXV © |IEC 2024

3 The appliance is disconnected from the supply and the insulation is immediately

subjected to a voltage having a frequency of 50 Hz or 60 Hz for 1 min, in accordance with
IEC 61180.

The high-voltage source used for the test is to be capable of supplying a short circuit current I
between the output terminals after the output voltage has been adjusted to the appropriate test
voltage. The overload release of the circuit is not to be operated by any current below the
tripping current I.. The values of I and I, are given in Table 5 for various high-voltage sources.

Ths
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ered with metal foil. For class Il constructions having intermediate metal betwee
rts and accessible parts, the voltage is applied across the basic insulation,and
bplementary insulation.

ring the test, care shall be taken to avoid overstressing the components) of electrohic

cuits.
b values of the test voltages are specified in Table 4.

Table 102 — Voltage for electric strength test

Testvoltage

Insulation Y
Rated voltage @ Working voltage (U)
SELV <150 V 5150 V and <250 Vb >250 V
Bagic insulation 500 1 000, 1000 1,2U + 700
Supplementary insulation 1250 1750 1,2U + 1 450
Relnforced insulation 2500 3000 2,4 U+ 2400

Q

For multi-phase appliances, the line to-neutral or line to earth voltage is used for rated voltage. The tqg
voltage for 480 V multi-phase appliances is that specified for a rated voltage in the range > 150 V and
250 V.

I/\Fﬁ

For appliances having a rated\voltage < 150 V, these test voltages apply to parts having a workii
voltage > 150 V <250 V.

g

No

Glq

breakdown shall occur during the test.
w discharges* without a drop in voltage are neglected.

Table 103 — Characteristics of high-voltage sources

Test voltage Minimum current

mA
v I, I
4000 200 100
> 4000 and <10 000 80 40
40 20

> 10 000 and < 20 000

NOTE The currents are calculated on the basis of the short circuit and release
energies of 800 VA and 400 VA respectively at the upper end of the voltage ranges.
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Modification:

The test is carried out directly on a heating unit and additional electrical insulation. The test
voltage is applied after they have been conditioned for a period of 1 h at the temperature
determined during the test of Clause 11.

14 Transient overvoltages

Appliances shall withstand the transient over-voltages to which they may be subjected.

Compliance is checked by subjecting each clearance having a value less than those specifjed
in Table 16 to an impulse voltage test.

The impulse test voltage has a no-load wave shape corresponding to the 1,2/50 us standard
impulse specified in IEC 61180. The impulse test voltage is applied three times.for each polarity
with intervals of at least 1 s.

The impulse test voltage is specified in Table 6 for rated impulse valtages given in Table 5.

Table 104 — Impulse test voltage

Rated impulse voltage Impulsé test voltage?®
v v
330 357
500 540
800 930
1500 1750
2 500 2920
4 000 4920
6 000 7 380
8 000, 9 840
70000 12 300
@ The impulse test voltages have been calculated using correction factors for
testing atlocations situated at sea level. It is considered that they are appropriate
for.any location between sea level and 500 m. If tests are carried out at other
locations, other correction factors shall be used as noted in
Subclause 6.1.2.2.1.3 of IEC 60664-1:2007.

There shall be no flashover. However, flashover of functional insulation is allowed if the
appliance complies with Clause 19 when the clearance is short-circuited.

15 Moisture resistance

15.1 The enclosure of the appliance shall provide the degree of protection against moisture in
accordance with the classification of the appliance.

Compliance is checked as specified in 15.1.1 taking into account 15.1.2, the appliance not being
connected to the supply mains.

The appliance shall then withstand the electric strength test of 16.3 and, after carefully wiping
the external enclosure to remove any surplus water, an inspection shall show that there is no
trace of water on insulation which could result in a reduction of clearances or creepage
distances below the values specified in Clause 29. For appliances and parts of appliances with
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pins for insertion into socket-outlets an inspection shall show that no water has entered the
enclosure.

The test is carried out directly on a heating unit.

15.

1.1 Appliances other than those classified IPX0 are subjected to the tests

IEC 60529:1989 including IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013.

of

IPX3 appliances are tested as described in Subclause 14.2.3a). The test as described in
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support in accordance with IEC 60529, taking int@ account the marking of orientation. If
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15
spi

Co
col

Ap
wit
in

Ap
in |

De

illating tube.

4 appliances are tested as described in Subclause 14.2.4a). The test as describeq
clause 14.2.4b) may be used for testing appliances that cannot be placéd;under
illating tube;

(7 appliances are tested as described in Subclause 14.2.7. For thistest, the appliance
nersed in water containing approximately 1 % NaCl.

ter valves containing live parts and that are incorporated in external hoses for connect
hn appliance to the water mains are subjected to the test specified for IPX7 appliances.

(7 heating units are immersed for 72 h.

1.2 Heating units, other than IPX7 heating units; are placed horizontally on a perfora

bntation is not marked, they are tested in both\positions.

lage does not affect their electrical insulation.

mpliance is checked by the following test using a spillage solution comprising wa
htaining approximately 1 % NaCl and 0,6 % rinsing agent.

bliances with type X attachment, except those having a specially prepared cord, are fit
h the lightest permissible type of flexible cord of the smallest cross-sectional area specif
[able 13.

bliances incokporating an appliance inlet are tested with or without an appropriate conned
position, whichever is most unfavourable.

fachable parts are removed.

the

in
the

is

jon

fed
the

2 Appliances subject to spillage of ligdid in normal use shall be constructed so that sdich

ter

fed
jed

tor

Thetrguid—contaimerof theapptianceis comptetety fitted-withthe-sotutiomandafurtherguantity
equal to 15 % of the capacity of the container or 0,25 I, whichever is the greater, is poured in

ste

adily over a period of 1 min.

Any commercially available non-ionic rinsing agent may be used, but if there is any doubt with
regards to the test results, the rinsing agent shall have the following properties:

viscosity,17 mPa s;
pH,2,2 (1 % in water);
and its composition shall comprise the following substances
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e Plurafac ® LF 22111 15,0 % parts by mass
e Cumene sulfonate (40 % solution) 11,5 % parts by mass
e Citric acid (anhydrous) 3,0 % parts by mass

e Deionized water 70,5 % parts by mass

The appliance shall then withstand the electric strength test of 16.3 and inspection shall show
that there is no trace of water on insulation that could result in a reduction of clearances or
creepage distances below the values specified in Clause 29.

15
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3 Appliances shall be proof against humid conditions that may occur in normal use.

mpliance is checked by test Cab: Damp heat steady state in IEC 60068-2-78 under
owing conditions.

bliances that were subjected to the tests of 15.1 or 15.2 are placed in~normal ambi

conmditions for 24 h.
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ble entries, if any, are left open. If knock-outs are provided,‘one of them is open
fachable parts are removed and subjected, if necessary, to theshumidity test with the m
t.

e humidity test is carried out for 48 h in a humidity cabinet containing air with a relat
midity of (93 +3) %. The temperature of the air is mdintained within 2 K of any conveni
e t between 20 °C and 30 °C. Before being placed<n the humidity cabinet, the appliancé

ught to a temperature of t+$ °C.

{ is not possible to place the whole appliance in the humidity cabinet, parts contain
ctrical insulation may be tested separately, taking into account the conditions that
ctrical insulation is subjected to within the appliance.

b appliance shall then withstan@the tests of Clause 16 in the humidity cabinet or in the ro
which the appliance was brought to the prescribed temperature after reassembly of thq
ts that may have been removed.

dification:

b test is carried-out directly on a heating unit and additional electrical insulation.

Leakage current and electric strength

fhe
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N <The leakage current of the appliance shall not be excessive and its electric strength srpall

be

adequate.

Compliance is checked by the tests of 16.2 and 16.3.

Protective impedance is disconnected from live parts before carrying out the tests.

The tests are carried out on the appliance at room temperature and not connected to the supply

ma

ins.

11 Plurafac ® LF 221 is the trade name of a product supplied by BASF. This information is given for the convenience

of users of this document and does not constitute an endorsement by IEC of this product.
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Modification:
The tests are carried out directly on a heating unit and additional electrical insulation.

16.2 An AC test voltage is applied between live parts and:

— accessible metal parts intended to be connected to protective earth, for class | appliances
and class 0l appliances;

— metal foil having an area not exceeding 20 cm x 10 cm which is in contact with accessible

surfaces of insulating material and metal parts not intended to be connected to pmtecjive
earth, for class 0 appliances, class Il appliances, class Il constructions and class Il

appliances.
The test voltage is:
— | 1,06 times rated voltage, for single-phase appliances;

— | 1,06 times rated voltage, divided by \/5 for three-phase appliances:

The leakage current is measured within 5 s after the application of theytest voltage.

The leakage current shall not exceed the following values:

— |for class Il appliances and for parts 0,25 mA
of class Il construction

— |for class 0, class 0l and class lll appliances 0,5 mA

— |for portable class | appliances 0,75 mA

— |for stationary class | motor-operated appliances 3,56 mA

— |[for stationary class | heating appliances 0,75 mA or 0,75 mA per kW rated
power input of the appliance with a
maximum of 5 mA, whichever| is
higher

The values specified above are doubled if all controls have an off position in all poles. They
arg also doubled if:
— |the appliance has no‘control other than a thermal cut-out; or

— |all thermostats temperature limiters and energy regulators do not have an off positipn;
or

— |the applianc&*has radio interference filters. In this case, the leakage current with the filter
disconnegted shall not exceed the limits specified.

For combined appliances, the total leakage current may be within the limits specified |for
heating-appliances or motor-operated appliances, whichever is the greater, but the two Iin|7its
ara.net added.

For measuring the leakage current, a low impedance ammeter capable of measuring the true
RMS value of current may be used.

The value specified for class 0 appliances applies to heating units with basic insulation only.

The value specified for class Il appliances applies to heating units intended to be installed
on a conductive surface or covered by concrete or similar materials.

If the heating unit is intended to be installed on a conductive surface or covered by concrete
or similar materials, any electrical insulation specified in the instructions is placed in position.
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16.3 Immediately after the test of 16.2, the insulation is subjected to a voltage having a
frequency of 50 Hz or 60 Hz for 1 min in accordance with IEC 61180. The values of the test
voltage for different types of insulation are given in Table 7.

Accessible parts of insulating material are covered with metal foil. Care is to be taken that the
metal foil is placed so that no flashover occurs at the edges of the insulation.

Table 105 — Test voltages

Test voltage
%
Insulation -
Rated voltage Working voltage (U
SELV <150 V >150 V and <250 V° >250:V
Bakic insulation © 500 1250 1250 1,2°U + 950
Supplementary insulation °© - 1250 1750 1,2U + 1450
Refnforced insulation - 2 500 3 000 2,4 U+ 2400

a8 | For multi-phase appliances, the line to neutral or line to earth voltage is usedfor rated voltage. The tgst
voltage for 480 V multi-phase appliances is that specified for a rated voltage in the range > 150 V ard
<250 V.

For appliances having a rated voltage <150 V, these test voltages applyto parts having a working voltagd >
150 V and <250 V.

¢ | In constructions where basic insulation and supplementary ‘insulation cannot be tested separately, the
insulation is subjected to the test voltages specified for reinfaerced insulation.

A lest voltage is applied between accessible’metal parts and the supply cord which is
wrgpped with metal foil at the point where the supply cord is located in an inlet bushing gnd
where, for appliances having a type X attachment, the supply cord is located in a cord guard
or fa cord anchorage with their clamping screws, if any, being tightened to two-thirds of the
torfjue specified in Table 14. The test-voltage is 1 250 V for class 0 appliances and clags |
appliances and 1 750 V for class-ll appliances.

Duting the test care shall be:taken to avoid overstressing

— |the components of electronic circuits;

— |the basic insulation or the supplementary insulation when applying the voltage| to
reinforced insulation in class Il constructions incorporating both reinforced insulation
and double_insulation.

NOTE 1 The characteristics of the high-voltage source used for the test are described in Table 5.
NOTE 2( When testing insulating coatings, the metal foil can be pressed against the insulation by means ¢f a

sanfdbag so that the pressure is approximately 5 kPa. The test can be limited to places where the insulation is likely
to ble_weak, for example where there are sharp metal edges under the insulation

NOTE 3 If practicable, insulating linings can be tested separately.

No breakdown shall occur during the test.
Glow discharges without a drop in voltage are neglected.
The values specified for class 0 appliances apply to heating units with basic insulation only.

The values specified for class Il appliances apply to heating units intended to be installed on
a conductive surface or covered by concrete or similar materials.
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If the heating unit is intended to be installed on a conductive surface or covered by concrete
or similar materials, any electrical insulation specified in the instructions is placed in position.

For heating units with basic insulation only, other than those supplied at safety extra-low
voltage, that are provided with additional electrical insulation for application in floors of
concrete or similar materials, each insulation shall withstand the test voltage specified for
reinforced insulation.

For heating units with basic insulation only, other than those supplied at safety extra-low
voltage, that are provided with additional electrical insulation for application in metallic ceilings,
thij additional insulation shall withstand the test voltage specified for supplementary
ingulation.

Fof heating units with basic insulation only, other than those supplied throughyah isolating
trahsformer, that are provided with additional electrical insulation for application.intimber floqrs,
thi$ additional insulation shall withstand the test voltage specified for.-supplementary
ingulation.

17| Overload protection of transformers and associated circuits

Appliances incorporating circuits supplied from a transformer shal’be constructed so that in the
event of short circuits which are likely to occur in normal use;-excessive temperatures do pot
ocgur in the transformer or in the circuits associated with ¢he'transformer.

NOTE Examples are the short-circuiting of bare or inadequately insulated conductors of accessible circtits
opefrating at safety extra-low voltage.

Compliance is checked by applying the most unfavourable short circuit or overload which is
likgly to occur in normal use, the appliance being supplied with 1,06 times or 0,94 times rated
voltage, whichever is the more unfavourable. Basic insulation is not short circuited.

The temperature rise of the insulation~of the conductors of safety extra-low voltage circuits
shall not exceed the relevant value, specified in Table 3 by more than 15 K.

The temperature of windings.shall not exceed the values specified in Table 8. However, th¢se
limjts do not apply to fail-safé transformers complying with Subclause 15.5 of IEC 61558-1:2017.

18| Endurance

NOTE Requirements and tests can be specified in part 2.

18{101 _The'connections from the flexible sheet heating element to the supply leads and to
interconnection leads shall be reliable.

Compliance is checked by the following test.

The heating unit is placed in a heating cabinet at a temperature of 20 °C + 2 °C and is supplied
with a voltage so that the current is equal to the value marked on the flexible sheet heating
element or to the rated current, as applicable. The voltage drop at each connection is
measured.

The length of the heating unit shall be as short as possible but not less than 0,5 m. The heating
unit is not moved after it has been placed in the cabinet.

If the connections are made by using crimp connectors, the voltage drop measurement is carried
out between the supply lead and the connector as well as between the connector and the
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flexible sheet heating element. The measuring points are as close as possible to the
connections.

The heating unit is heated in cycles. Each cycle has a duration of 1 h and comprises

— a period of 30 min, during which

e the heating unit is supplied with the voltage that was applied when the voltage drop
was measured;

e for the first 20 min, the temperature of the heating cabinet is raised to 85 °C or to the

perature—of—the exible ee eating—elemen determined—during—the of

Clause 11, whichever is lower;

o for the last 10 min, the temperature of the heating cabinet is maintained within’ £5 H of
this temperature;

— |a period of 20 min, during which the temperature is lowered to approximately30 °C;
— |a stabilization period of 10 min.

The temperature in the heating cabinet is measured at a distance of at,least 50 mm from fhe
heating unit. Forced cooling may be used.

The test is carried out for 400 cycles. The temperature of the hé€ating cabinet is then redug¢ed
to PO °C = 2 °C and the voltage drop at each connection is méasured again.

The voltage drop shall not exceed 22,5 mV or 1,5 times the first value measured, whichevey is
lower.

After the test, inspection shall show no damage to.the extent that compliance with this standard
is impaired.

18102 The electrical connections between the resistance material and electrodes of flexiple
sheet heating elements shall be reliable.

Compliance is checked by tests that are carried out on two heating units, each having a length
ex¢eeding 1 m.

Onge heating unit is subjected to the test of 18.102.2 after which it is subjected to the tesf of
18]102.5. The other heating unit is subjected to the tests of 18.102.1 to 18.102.5.

After the tests, the voltage drop of the second heating unit, determined at the location where
bending is applied during the tests of 18.102.2, shall not exceed 1,5 times the voltage drop that
wapk determined on the first heating unit. In addition, the average voltage drop determined at
the other-locations of the second heating unit, shall not exceed 1,5 times the average voltage
drgp of\the first heating unit.

Inspection shall show no contact degradation such as pitting under the electrodes or damage
adjacent to the electrodes.

18.102.1 The heating unit is wound on a cylindrical mandrel having a diameter equal to twice
the minimum radius for bending the flexible sheet heating element specified in the instructions
and then unwound. This is repeated with the other face of the flexible sheet heating element
against the mandrel.

The test is carried out three times.

If the instructions state that the heating unit is only to be wound in one direction, the test is
carried out six times in this direction.
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18.102.2 Part of the heating unit is held between two boards 100 mm thick and of a size
necessary to fully cover the width of the flexible sheet heating element. One pair of edges of
the boards is rounded with a radius of 50 mm.

The assembly is placed in an ambient temperature of —5 °C or the lowest ambient temperature
specified for installation, whichever is lower. When the flexible sheet heating element has
reached this temperature, its free end is bent over the rounded edges of the boards. It is bent
through an angle of 180° and back to its normal position, in both directions. This bending
operation is carried out three times.
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102.3 The heating unit is placed in a humidity cabinet having a relative humidity|
% + 5 % and a temperature of 40 °C + 2 °C. It is supplied at rated voltage and operdted
after which the supply is switched off for 1 h.

b test is carried out for 1 000 cycles.

102.4 The heating unit is subjected to the test of 18.101 which-is carried out
00 cycles. However, the voltage drop and inspection for damage is not,determined.

bdle is inserted into the resistance material of the flexible sheet heating element at
hle of 45 ° and at a distance of 5 mm from the inside edge ©ofithe electrode.

y conductive material between the electrode and the resistance material is considered to
t of the electrode. A jig such as that shown in Figure 112 may be used to locate the need

p voltage (U,,) between the needle and the supply connection to the electrode is measur
mpensation for the voltage drop in the electrode itself is allowed.

b voltage drop (AU) at the contact.is’determined from the following formula:

50,
AU =Up, df

ere
is the voltage'measured between the needle and the supply connection to the electro
is the rated.voltage of the heating unit;

is the“distance, in millimetres, between the inside edges of the electrodes. If
conductive path is not perpendicular to the electrodes, the distance is measured alq
the) centreline of the path.

102.5 The heating unit is placed on a horizontal surface andcsupplied at rated voltage.
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18.102.2. It is also determined at not less than six other locations and the average value is
calculated.

The location of the test points may be selected with the aid of thermal imaging equipment.

18.103 The resistance of the heating unit shall not decrease significantly during use.

Co

mpliance is checked by the following test.

The heating unit is placed in a heating cabinet having a temperature 5 K higher than the
temperature on the surface of the flexible sheet heating element determined during the test
of Clause 11.
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After a period of 2 h, the resistance of the heating unit is measured. The resistance is
measured again at intervals not exceeding 72 h. The heating unit is left in the heating cabinet
for 3 000 h. During the test, the resistance of the heating unit shall not decrease by more than
5 % below the value measured after the initial period of 2 h.

19 Abnormal operation

19.1 Appliances shall be constructed so that as a result of abnormal or careless operation,
the risk of fire, mechanical damage impairing safety or protection against electric shock is

Ob intod ac far ac ic nrantinahla
retet—aSTar—aS o pratttatte:

Elgctronic circuits shall be designed and applied so that a fault condition will not render fhe
appliance unsafe with regard to electric shock, fire hazard, mechanical hazard or dangerqus
mglfunction.

Appliances incorporating heating elements are subjected to the tests ofy19.2 and 19.3| In
addlition, such appliances having a control that limits the temperature’ during the test| of
Clguse 11 are subjected to the tests of 19.4 and, when applicable, to the test of 19.5. Applian¢es
incprporating PTC heating elements are subjected to the test of 19,6.

Appliances incorporating motors are subjected to the tests of #9.7 to 19.10, as applicable.

Appliances incorporating electronic circuits are subjectéd to the tests of 19.11 and 19.12,| as
applicable.

Appbliances incorporating contactors or relays are Subjected to the test of 19.14.
Appliances incorporating voltage selector switches are subjected to the test of 19.15.

Apbliances having a mains connectionsand batteries that are replaceable are subjected to fthe
tesft of 19.16.

Apbliances incorporating batteries that are rechargeable and use metal-ion chemistries gre
subjected to the test of 19 1.

Unless otherwise specified, the tests are continued until a non-self-resetting thermal cut-put
ope¢rates or until stéady conditions are established. If a heating element or an intentionglly

w
sajr»a
in th

are

NO

Unless otherwise specified, only one abnormal condition is simulated at any one time.

If more than one of the tests are applicable to the same appliance, these tests are carried out
consecutively after the appliance has cooled down to room temperature.

For combined appliances, the tests are carried out with motors and heating elements
operating simultaneously under normal operation, the appropriate tests being applied one at
a time to each motor and heating element.
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When it is stated that a control is short-circuited, it may be rendered inoperative instead. If the
control performs more than one function, only that aspect of the control under consideration is
rendered inoperative. Other functions of the control may continue to operate normally.

Unless otherwise specified, compliance with the tests of this clause is checked as described in
19.13.

19.2 Appliances with heating elements are tested under the conditions specified in Clause 11
but with restricted heat dissipation. The supply voltage, determined prior to the test, is that
required to provide a power input of 0,85 times rated power input under normal operation
when the power input has stabilized. This voltage is maintained throughout the test.

NOTE Controls that operate during the test of Clause 11 are allowed to operate.

Fof ceiling applications, a piece of thermal insulation having a thermal cresistance| of
approximately 0,9 m2K/W is held against the ceiling covering material and_ located centrally
acioss the heating units. It has a length of 0,8 m and a width equal to that ofithe heating unit.

Fof wall applications, a piece of thermal insulation having a thermal resistance of approximafely
1,45 m2K/W is held against the wall covering material and located centrally across the heat{ng
unjts. It has a length of 0,8 m and a width equal to that of the heating unit.

Fof wall applications, if the heating unit is intended to bejdstalled on both sides of a wall, a
pielce of thermal insulation having a resistance of approximately 1,45 m2K/W is held against the
wall on both sides and located centrally across the heating units. It has a length of 0,8 m gnd
a width equal to that of the heating unit.

Fof floor applications, the thermal resistancecofsthe piece of thermal insulation placed on fhe
flogr is increased to approximately 1,45 m2K/W and is placed in the most unfavourable positipn.

Fof storage heating applications, thé*heating units are charged for the rated chargjng
petiod.

19{3 The test of 19.2 is repeated but with a supply voltage, determined prior to the test, equal

to fthat required to providea-power input of 1,24 times rated power input under normal
opgration when the power.ihput has stabilized. This voltage is maintained throughout the test.

NOTE Controls that operate during the test of Clause 11 are allowed to operate.

194 The appliarice is tested under the conditions specified in Clause 11. Any control that
limjts the temperature during the test of Clause 11 is short-circuited.

If the appliance incorporates more than one control, they are short-circuited in turn.

1915 he-tosto 9-4-is cla Ol-appliances-and-ela applianecesin ing
tubular sheathed or embedded heating elements. However, controls are not short-circuited but

one end of the element is connected to the sheath of the heating element.

A control that operates during this test and the test of Clause 11 and that incorporates an
electronic circuit is not considered to be a protective electronic circuit if the appliance
complies with 19.13 with the electronic control rendered inoperative.

This test is repeated with the polarity of the supply to the appliance reversed and with the other
end of the element connected to the sheath.

The test is not carried out on appliances:

— intended to be permanently connected to fixed wiring;
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where an all-pole disconnection occurs during the test of 19.4; or

used in a system with polarized plugs intended for connection to polarized socket outlets.

Appliances with a neutral are tested with the neutral connected to the sheath.

NOTE For embedded heating elements, the metal enclosure is considered to be the sheath.

19.6 Appliances with PTC heating elements are supplied at rated voltage until steady
conditions with regard to power input and temperature are established.

opeérated until steady conditions are re-established. The voltage is then increased in_\sim
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a protective electronic circuit as well as a control that operates under the conditions
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le£ working voltage of the PTC heating element is increased by 5 % and the appliancé

s until 1,5 times working voltage is reached, or until the PTC heating element{ruptur
fchever occurs first.

7 The appliance is operated under stalled conditions by:

locking the rotor of appliances for which the locked rotor torque is smaller than the full Iq
torque;

locking moving parts of other appliances.

n appliance has more than one motor, the test is carried out for each motor separately.

bliances incorporating motors and having capacitors in'the circuit of an auxiliary winding,
brated with the rotor locked, the capacitors being epen-circuited one at a time. The tes
eated with the capacitors short-circuited one at atime, unless they are of class S2 or S3
[ 60252-1:2010 including IEC 60252-1:2010/AMD1:2013.

[E 1 This test is carried out with the rotor locked_sihce some motors can start thus giving rise to inconsis
Its.

 each of the tests, appliances provided with a timer or programmer are supplied at ra
tage for a period equal to the maximum period allowed by the timer or programmer. If
er or programmer is an electrenic type that operates to ensure compliance with the f
ore the maximum period under-the conditions of Clause 11 is reached, it is considered to

use 11.

per appliances are-Supplied at rated voltage for a period:

of 30 s for
o hand-<held appliances;
o appliances that have to be kept switched on by hand or foot; and

o/, appliances that are continuously loaded by hand.
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until steady conditions are established, for other appliances.

NOTE 2 Appliances that are tested for 5 min are indicated in the relevant part 2.

During the test, the temperature of the windings shall not exceed the relevant value specified
in Table 8.
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Table 106 — Maximum winding temperature

Temperature
°C
Type of appliance
Class | Class | Class | Class | Class | Class | Class | Class
105 120 130 155 180 200 220 250
(A) (E) (B) (F) (H) (N) (R)

Appliances other than those operated 200 215 225 240 260 280 300 330
until steady conditions are established
Appliances operated until steady
cohditions are established
— |if impedance protected 150 165 175 190 210 230 250 28D
— |if protected by a protective device

during the first hour, maximum 200 215 225 240 260 280 300 33p

value

after the first hour, maximum value 175 190 200 215 235 2656 275 30p

after the first hour, arithmetic 150 165 175 190 210 230 250 28D

average
198 One phase of appliances incorporating multi-phase™ motors is disconnected. The
appliance is then operated under normal operation and supplied at rated voltage for fhe
pefiod specified in 19.7.
1919 A running overload test is carried out on_‘@ppliances incorporating motors that gre
inténded to be remotely or automatically controlled{or liable to be operated continuously.
Mdtor-operated appliances and combined” appliances for which Subclause 30.2.3| is
applicable and that use overload protective devices relying on electronic circuits to profect

the

subjected to the running overload test.

Th
cof
win

esfablished, the supply-voltage being maintained at its original value. The load is ag

inc

Du

motor windings, other than thoseythat sense winding temperatures directly, are a

hditions are established. -The load is then increased so that the current through the md
dings is raised by 10 %y,and the appliance is operated again until steady conditions

reased and the test.s repeated until the protective device operates or the motor stalls.
ring the test, the/winding temperature shall not exceed:

140 °C, for—class 105 (A) winding insulation;
155 %€y for class 120 (E) winding insulation;
165°C, for class 130 (B) winding insulation;

NOTE

Iso

b appliance is operated under normal operation and supplied at rated voltage until steady

tor
are
ain

—180"C,forclass 155 (F)wirding insafatior;
200 °C, for class 180 (H) winding insulation;
220 °C, for class 200 (N) winding insulation;
240 °C, for class 220 (R) winding insulation;

270 °C, for class 250 winding insulation.

separately.

If the load cannot be increased in appropriate steps, the motor can be removed from the appliance and tested

19.10 Appliances incorporating series motors are operated with the lowest possible load and
supplied at 1,3 times rated voltage for 1 min.

During the test, parts shall not be ejected from the appliance.
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19.11 Electronic circuits are checked by evaluation of the fault conditions specified in 19.11.2
for all circuits or parts of circuits, unless they comply with the conditions specified in 19.11.1.

NOTE 1 In general, examination of the appliance and its circuit diagram will reveal the fault conditions which have
to be simulated, so that testing can be limited to those cases that can be expected to give the most unfavourable
results.

Appliances incorporating an electronic circuit that relies upon a programmable component to
function correctly are subjected to the test of 19.11.4.8, unless restarting at any point in the
operating cycle after interruption of operation due to a supply voltage dip will not result in a
hazard. The test is carried out after removal of all batteries and other components intended to
malintain the programmable component supply voltage during mains supply voltage dips,
intg¢rruptions and variations.

Appliances having a device with an off position obtained by electronic disconnection, of a
device that can place the appliance in a stand-by mode, are subjected to the tests'of 19.114.

NOTE 2 For information on general guidance relating to the sequence of tests for the évaluation of electrgnic
cirquits, reference can be made to informative Annex Q. It should be realized that in"the Parts 2 there can be
addjtional or alternative abnormal operation tests specified; these are not shown in.thé flow chart. For corfect
application of this standard, the normative text takes precedence over the guidance(@iven in informative Annex Q.

If the safety of the appliance under any of the fault conditions depends on the operation df a
miniature fuse-link complying with IEC 60127, the test of 19.12 is carried out.

During and after each test, the temperature of windings shall not exceed the values specifjed
in |Table 8. However, these limits do not apply tao, fail-safe transformers complying with
Subclause 15.5 of IEC 61558-1:2017. The appliancé_shall comply with the conditions specifjed
in 119.13. Any current flowing through protectivé impedance shall not exceed the limits
specified in 8.1.4.

NOTE 3 Unless it is necessary to replace components after any of the tests, the electric strength test requireq by
19.13 need only be carried out after the final test on*the electronic circuit.

If 4§ conductor of a printed circuit board’becomes open-circuited, the appliance is considered to
have withstood the particular test;provided both of the following conditions are met:

— |the base material of the pfinted circuit board withstands the test of normative Annex E;
— |any loosened conductordoes not reduce clearances or creepage distances between ljve
parts and accessible'‘metal parts below the values specified in Clause 29.

19111.1 Fault conditions a) to g) specified in 19.11.2 are not applied to circuits or partg of
cir¢uits when both.of the following conditions are met:

— |the electronic circuit is a low-power circuit as described below;

— |protection against electric shock, fire hazard, mechanical hazard or dangerqus
malfunction of other parts of the appliance does not rely on the correct functioning of the
electronic circuit.

An example of a low-power circuit is shown in Figure 6 and is determined as follows.

The appliance is supplied at rated voltage and a variable resistor, adjusted to its maximum
resistance, is connected between the point to be investigated and the opposite pole of the
supply source. The resistance is then decreased until the power consumed by the resistor
reaches a maximum. Points closest to the supply source at which the maximum power delivered
to this resistor does not exceed 15 W at the end of 5 s are called low-power points. The part of
the circuit farther from the supply source than a low-power point is considered to be a low-
power circuit.
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The measurements shall be made from only one pole of the supply source, preferably the one
that gives the fewest low-power points. The power consumed by the variable resistor shall be

me

asured by a wattmeter.

When determining the low-power points, it is recommended to start with points close to the
supply source.

19.11.2 The following fault conditions are considered and, if necessary, applied one at a time,
consequential faults being taken into consideration:

a)

b)
c)

d)

e)
f)

9)
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Short circuit of functional Insulation I clearances or creepage distances are 1ess if
the values specified in Clause 29;

open circuit at the terminals of any component;

short circuit of capacitors, unless they comply with IEC 60384-14:2013 includ|
IEC 60384-14:2013/AMD1:2016;

an

ing

short circuit of any two terminals of an electronic component, otherthan an integrafed

circuit. This fault condition is not applied between the two circuits of an’0ptocoupler;
failure of triacs in the diode mode;

failure of microprocessors and integrated circuits except components such as thyristors §
triacs. All possible output signals are considered for faults ocCurring within the compong
If it can be shown that a particular output signal is unlikely_to occur, then the relevant fe
is not considered;

nd
nt.
ult

failure of an electronic power switching device in a partial turn-on mode with loss of gpate

(base) control.
[E 1 This mode can be simulated by disconnecting the electronic power switching device gate (base) term
connecting an external adjustable power supply between the gate (base) terminal and the source (emi
hinal of the electronic power switching device. The pewer supply is then varied so as to achieve a current
not damage the electronic power switching device'but will give the most onerous conditions of test.

[E 2 Examples of electronic power switching devices are field effect transistors (FET's and MOSFET’s)
lar transistors (including IGBT’s).

LIt condition f) is applied to encapsulated and similar components if the circuit cannot
essed by other methods.

sitive temperature coefficient resistors are not short-circuited if they are used within

nply with IEC 60738-1.

hddition, each*low-power circuit is short-circuited by connecting the low-power point to
e of the supply source from which the measurements were made.

cord)provided between a battery-operated appliance that consumes more than 15 W 4

inal
ter)
hat

and

be

the

nufacturer's specification. However, PTC-S thermistors are short-circuited unless they

fhe

nd

detachable power supply part shall be short-circuited at the point along its length /ik|e/y

to

produce the most adverse elrects.

For simulation of the fault conditions, the appliance is operated under the conditions specified
in Clause 11 but supplied at rated voltage.

When any of the fault conditions are simulated, the duration of the test is:

as specified in 11.7 but only for one operating cycle and only if the fault cannot
recognized by the user, for example, a change in temperature;

be

as specified in 19.7, if the fault can be recognized by the user, for example, when the motor

of a kitchen machine stops;

until steady conditions are established, for circuits continuously connected to the sup
mains, for example, stand-by circuits.

ply
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In each case, the test is ended if a non-self-resetting interruption of the supply occurs within

the

appliance.

19.11.3 If the appliance incorporates a protective electronic circuit that operates to ensure
compliance with Clause 19, the appliance is tested as follows:

A fault as indicated in a) to g) of 19.11.2 shall be incorporated in the protective electronic
circuit either before the appliance is started or at any point in time after the appliance is started

SO

that the most unfavourable conditions of the test are applied.
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19.
be

Ap
to

du
ele
du

Th

spark gaps.

If ¢
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NO
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he appliance is able to operate after the fault in the protective electronic circuit
prporated, then the appliance is further tested as follows.

- appliances for continuous operation the appliance is operated until steady conditions
ched. Then the relevant test of Clause 19 is repeated.

per appliances are operated for one cycle of operation. Then the releyant test of Clause
epeated.

mpliance is checked as specified in 19.13.

11.4 Appliances having a device with an off position obtained by electronic disconnecti
h device that can be placed in the stand-by mode, are subjected to the tests of 19.11.4.1
11.4.7. The tests are carried out with the appliance supplied at rated voltage, the de/
ng set in the off position or in the stand-by mode:

bliances incorporating a protective electronic.circuit are subjected to the tests of 19.11.
19.11.4.7. The tests are carried out after the protective electronic circuit has opera
ing the relevant tests of Clause 19 except 19.2, 19.6 and 19.11.3. However, the tests
ctromagnetic phenomena are not applied to protective electronic circuits that oper
ing the test of 19.7 in appliances that are used while attended.

b tests are carried out with surge protective devices disconnected, unless they incorpor

brating in each mode,.if necessary.

[E Appliances,ineerporating electronic controls complying with the IEC 60730 series of standards are
mpt from the tests.

L 61000-4-2, test level 4 being applicable. Ten discharges having a positive polarity and
chargées having a negative polarity are applied at each preselected point.

11.4.1.\The appliance is subjected to electrostatic discharges in accordance Wi

is

are

19

on,
to
ice

4.1
fed
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he appliance has several modes of operation, the tests are carried out with the appliagce

not

fen

19.

11.4.2 The appliance is subjected to radiated fields in accordance with IEC 61000-4-3.

The frequency ranges tested shall be:

80 MHz to 1 000 MHz, test level 3;
1,4 GHz to 2,0 GHz, test level 3;
2,0 GHz to 2,7 GHz, test level 2.

The dwell time for each frequency is to be sufficient to observe a possible malfunction of the
protective electronic circuit.
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19.11.4.3 The appliance is subjected to fast transient bursts in accordance with IEC 61000-4-4.
Test level 3 with a repetition rate of 5 kHz is applicable for signal and control lines. Test level
4 with a repetition rate of 5 kHz is applicable for the power supply lines. The bursts are applied
for 2 min with a positive polarity and for 2 min with a negative polarity.

19.11.4.4 The power supply terminals of the appliance are subjected to voltage surges in
accordance with IEC 61000-4-5, five positive impulses and five negative impulses being applied
at the selected points. An open circuit test voltage of 2 kV is applicable for the line-to-line
coupling mode, a generator having a source impedance of 2 Q2 being used. An open circuit test
voltage of 4 kV is applicable for the line-to-earth coupling mode, a generator having a source
impedance of 12 {7 being usea.

Ealthed heating elements in class I appliances are disconnected during this test.

NOTE |If a feedback system depends on inputs related to a disconnected heating element, an artificial network [can
be peeded.

Fof appliances having surge arresters incorporating spark gaps, the test-srepeated at a lejvel
thdt is 95 % of the flashover voltage.

1
AS)

19{11.4.5 The appliance is subjected to injected currents in accordance with IEC 61000-4
tesit level 3 being applicable. During the test, all frequencies between 0,15 MHz to 80 MHz are
covered.

The dwell time for each frequency is to be sufficient to observe a possible malfunction of the
pratective electronic circuit.

19{11.4.6 For appliances having a rated current not exceeding 16 A, the appliance| is
subjected to the class 3 voltage dips and interrtptions in accordance with IEC 61000-4-11:20p0.
The values specified in Table 1 and Table’2 of IEC 61000-4-11:2020 are applied at zgro
crgssing of the supply voltage.

For appliances having a rated current exceeding 16 A, the appliance is subjected to the class
3 |voltage dips and interruptions in accordance with |IEC 61000-4-34:2005 including
IEC 61000-4-34:2005/AMD1:2009. The values specified in Table 1 and Table 2| of
IEC 61000-4-34:2005 including IEC 61000-4-34:2005/AMD1:2009 are applied at zero crossjng
of the supply voltage.

19{11.4.7 The appliance is subjected to mains signals in accordance Wwith
IEC 61000-4-13:2002 including IEC 61000-4-13:2002/AMD1:2009 gnd
IEC 61000-4-13:2002/AMD2:2015, Table 11 with test level class 2 using the frequency ste¢ps
acgording tolable 10.

19{11.4.8" The appliance is supplied at rated voltage and operated under normal operatipn.
After apprOXImater 60 s, the power supp/y voltage is reduced to a IeveI such that the applla ce
ce e

operate, whichever occurs first. This value of supply voltage is recorded. The appllance is
supplied at rated voltage and operated under normal operation. The voltage is then reduced
to a value of approximately 10 % less than the recorded voltage. It is held at this value for
approximately 60 s and then increased to rated voltage. The rate of decrease and increase of
the power supply voltage is to be approximately 10 V/s.

The appliance shall continue to either operate normally from the same point in its operating
cycle at which the voltage decrease occurred or a manual operation shall be required to restart
it.
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19.12 /f safety of the appliance depends upon the operation of a miniature fuse-link complying
with IEC 60127 during any of the fault conditions specified in 19.11.2, the test is repeated but
with the miniature fuse-link replaced by an ammeter. If the current measured:

— does not exceed 2,1 times the current rating of the fuse-link, the circuit is not considered to
be adequately protected and the test is carried out with the fuse-link short-circuited;

— is at least 2,75 times the current rating of the fuse-link, the circuit is considered to be
adequately protected;

— is between 2,1 times and 2,75 times the current rating of the fuse-link, the fuse link is short-
circuited and the test is carried out

e forthe relevant period or for 30 min, whichever is the shorter, for quick acting fuse-links;
e for the relevant period or for 2 min, whichever is the shorter, for time lag fuse<links.

In tase of doubt, the maximum resistance of the fuse-link shall be taken intocaceount when
delermining the current.

NOTE 1 The verification whether the fuse-link acts as a protective device is based omthe fusing characteridtics
spefified in IEC 60127, which also gives the information necessary to calculate the maximum resistance of the fyse-
link

NOTE 2 Other fuses are considered to be intentionally weak parts in accordance with 19.1.
19{13 During the tests, the appliance shall not emit flamésy molten metal, or poisonous| or

ignlitable gas in hazardous amounts and temperature rises. shall not exceed the values shawn
in Table 9.

After the tests, and when the appliance has cobéled to approximately room temperature,
compliance with Clause 8 shall not be impairedyand the appliance shall comply with 20.2 |f it
can still be operated.

Table 107 — Maximum abnormal temperature rise

Part Temperature rise
K

Wboden supports, walls, ceiling-and floor of the test corner and wooden 150
capbinets @
Insulation of the supply cord ? without T marking, or with T marking up to 150
79 °C
Inkulation of the supply cord @ with T marking above 75 °C T+75
Sypplementary.insulation and reinforced insulation other than thermoplastic 1,6 times the relevant valup
materials © specified in Table 3

a8 | Forymotor-operated appliances, these temperature rises are not determined.

b | THere is no specific limit for supplementary insulation and reinforced insulation of thermoplastic materipl.

N ih ftom £ H h taobha dat v o that thao f taof 20 4 ah ol £
rrowever tnetTemperattreASCTasStoo0CaCte MM e oSOt at1nt1eSt oo a0 Car1ea—ott

When the insulation, other than that of class Ill appliances or class Ill constructions that do
not contain live parts, has cooled down to approximately room temperature, it shall withstand
the electric strength test of 16.3, the test voltage, however, being as specified in Table 4.

The humidity treatment of 15.3 is not applied before this electric strength test.

For appliances which are immersed in or filled with conducting liquid in normal use, the
appliance is immersed in or filled with water for 24 h before the electric strength test is carried
out.
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After the operation or interruption of a control, clearances and creepage distances across the
functional insulation shall withstand the electric strength test of 16.3, the test voltage,
however, being twice the working voltage.

The appliance shall not undergo a dangerous malfunction, and there shall be no failure of
protective electronic circuits if the appliance is still operable.

During and after the tests, the no-load output voltage of an accessible safety extra-low
voltage outlet or connector or Universal Serial Bus (USB) outlet shall not have increased by
more than 3 V or 10 % of its no-load output voltage in normal use, whichever is higher, with a
malximum of 42,4 V for DC and a peak value of 42,4 V for AC.

Appliances tested with an electronic switch in the off position, or in the stand-by mode; shall:

— |not become operational; or

— |if they become operational, not result in a dangerous malfunction during-or after the tests
of 19.11.4.

NOTE Unintended operation that could impair safety can result from careless use of‘appliances, such as:
— |storage of small appliances while connected to the supply;
— |placing flammable material on working surfaces of heating appliances; of.

— |placing objects in areas near motorized appliances that are not expected to start.

In &n appliance containing lids or doors that are controlled by one or more interlocks, ong of
the interlocks may be released provided that both of the following conditions are fulfilled:

— |the lid or door does not move automatically‘fo”an open position when the interloch is
released;

— |the appliance will not restart after the cycle‘in which the interlock was released.

The temperature rise of the floor and the.wood of the test framework shall not exceed 150 K.

19{14 Appliances are operated under the conditions of Clause 11. Any contactor or rejlay
contact that operates under the ¢onditions of Clause 11 is short-circuited.

If g4 relay or contactor with(more than one contact is used, all contacts are short-circuited at the
same time.

Any relay or contactor which operates only in order to ensure that the appliance is energized
forlnormal use andthat does not otherwise operate in normal use is not short-circuited.

If more than_one relay or contactor operates in Clause 11, each such relay or contactor is short-
cirg¢uitedinturn.

Ift aaliana kL waradl—naaal £ narataon—th 4
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19.15 For appliances incorporating a mains voltage selector switch, this switch is set to the
lowest rated voltage position and the highest value of rated voltage is applied.

19.16 Appliances having mains connection and batteries that are replaceable by the user are
supplied at rated voltage and operated under normal operation but with the batteries
removed or in any position allowed by the construction.

NOTE The intent is to determine that safe operation does not depend upon the presence of a battery voltage.

19.17 Battery-operated appliances incorporating a battery that uses metal-ion chemistry, the
charging system and battery are checked by the following tests.
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The battery system is operated as specified in the appliance manufacturer’s instructions under
the abnormal conditions listed below in a) to d). Each test is conducted until the test sample
returns to room temperature, for at least 7 h or until twice the normal charge period has
elapsed, whichever is longer.

a) the state of the battery is as follows:

— a series configured battery shall have a deliberate imbalance. The imbalance is
introduced into a battery that has been fully discharged by charging one cell to the
percentage of being fully charged applied during the test of Clause 12;

— asingle cell or parallel only configuration battery shall be fully discharged.

b) | If the test of Clause 12 is conducted with an imbalance of less than 50 % due to the fungtion
of circuitry intended for maintaining balance between cells in the battery and if a|single
fault of any component within that circuitry is shown to result in the loss of that functipn,
then a series configured battery shall be fully charged with a deliberate imbalance. The
imbalance is introduced into a battery that has been fully discharged by charging one gell
to approximately 50 % of being fully charged.

c) | For a battery with a series configuration, all cells are at approximately-50 % of being fylly
charged, except for one which is shorted. The battery is then fully charged.

d) | With a battery that is fully charged connected to the charging-system, a short circuif is
introduced to the charging system across a component or between adjacent printed cir¢uit
tracks at a location expected to produce the most unfavourable’'results to evaluate the effect
of back-feed from the battery. In addition, for a charging ,system with a cord that connects
to the battery, the short circuit shall be introduced at.the point likely to produce the mpst
adverse effects. The resistance of the short circuit,shall not exceed 10 mQ.

No|explosion or ignition of the battery shall occur diwing or after the test. However, venting of
the cells is permitted provided that they have notvented by any means other than through their
vemts.

The voltage on any cell shall not exceed the upper limit charging voltage by more than
150 mV unless the charging system js\permanently disabled from recharging the battery.

To| determine if recharging is \peérmanently disabled, the battery shall be discharged| to
approximately 50 % of being fully charged, by using the battery-operated appliance tesfed
(in|the case of an integral.-battery) or by using a new sample of the battery-operated
appliance (in the case of\a detachable battery and separable battery). An attempt is then
malde to recharge the battery normally. There shall be no charging current after 10 min or after
25|% of the nominal-eapacity has been delivered, whichever occurs first.

20| Stability;and mechanical hazards

This clause of Part 1 is not applicable.

21 Mechanical strength

21.1 Appliances shall have adequate mechanical strength and be constructed to withstand
such rough handling that may be expected in normal use.

Compliance is checked by applying blows to the appliance in accordance with test Ehb of
IEC 60068-2-75, the spring hammer test.

The appliance is rigidly supported and three blows, having an impact energy of 0,5 J, are
applied to every point of the enclosure that is likely to be weak.

If necessary, the blows are also applied to handles, levers, knobs and similar parts and to signal
lamps and their covers but only if the lamps or covers protrude from the enclosure by more than
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10 mm or if their surface area exceeds 4 cm?2. Lamps within the appliance and their covers are
only tested if they are likely to be damaged in normal use.

When applying the release cone to the guard of a visibly glowing heating element, the
hammer head passing through the guard shall not strike the heating element.

For appliances and parts of appliances having pins for insertion into mains socket-outlets,
compliance is checked by subjecting the part of the appliance incorporating the pins to the test,
Free fall repeated, procedure 2, of IEC 60068-2-31.
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Hepting units are-subjected to the tests of 21.101.

Hepting units intended to be installed in floors are also subjected to the test of 21.102.

b number of falls is:

100, if the mass of the part does not exceed 250 g;
50, if the mass of the part exceeds 250 g.

b height of the falls is 500 mm.

er the tests, the appliance shall show no damage that could impair compliance with 1
ndard and compliance with 8.1, 15.1 and Clause 29 shall not be impaired. In case of dot
bplementary insulation and reinforced insulation are subjected to the electric stren
t of 16.3.

mage to the finish, small dents that do not reduce clearances or creepage distances be
values specified in Clause 29, and small chips that donot adversely affect protection agai
ess to live parts or moisture, are ignored.

decorative cover is protected by an inner cover, fracture of the decorative cover is igno
e inner cover itself withstands the test.

here is doubt as to whether a defect has'occurred by the application of the preceding blg
fthe previous tests, this defect is neglected and the group of three blows is applied to
ne place on a new sample which.shall then withstand the test.

hcks not visible to the naked-eye and surface cracks in fibre-reinforced mouldings and sim
terials are ignored.

p blows are only applied to rigid parts of the heating unit.
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The additional layer of material covering heating units in floors of concrete or similar materials,
or under tiles, is subjected to the test of 21.104.

These tests are not applicable to modular heating units.

21.2 Accessible parts of solid insulation shall have sufficient strength to prevent penetration

by

sharp implements.

Compliance is checked by subjecting the insulation to the following test, unless the thickness
of supplementary insulation is at least 1 mm and that of reinforced insulation is at least
2mm.
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The insulation is raised to the temperature measured during the test of Clause 11. The surface
of the insulation is then scratched by means of a hardened steel pin, the end of which has the
form of a cone with an angle of 40°. Its tip is rounded with a radius of 0,25 mm + 0,02 mm. The
pin is held at any angle from 80° to 85° to the horizontal and loaded so that the force exerted
along its axis is 10 N + 0,5 N. The scratches are made by drawing the pin along the surface of
the insulation at a speed of approximately 20 mm/s. Two parallel scratches are made. They are
spaced sufficiently apart so that they are not affected by each other, their length covering
approximately 25 % of the length of the insulation. Two similar scratches are made at 90° to
the first pair without crossing them.

The gerT (7] er L ratched 7 Z of
approximately 10 N. further damage, such as separation of the material, shall occur-The
insulation shall then withstand the electric strength test of 16.3.

WILT Or

The hardened steel pin is then applied perpendicularly with a force of 30 N(+0,5 N to|an
unsgcratched part of the surface. The insulation shall then withstand the electric strength test of
16]3 with the pin still applied and used as one of the electrodes.

21)3 Appliances with pins for insertion into socket-outlets where thé plug part is capablg of
rotation shall be provided with a mechanical stop to prevent rotation’beyond which stresq to
electrical connections and internal wiring may occur. The mechanical stop shall have adequpte
mechanical strength and be constructed to withstand such rough handling that may be expected
in mormal use.

Compliance is checked by inspection and by the following’ test.

The part relying upon the mechanical stop shall be rotated as intended until the mechanical
stop prevents further rotation. A torque of 2 Nm is then applied for 1 min in an attempi to
override the mechanical stop. The part relying upon the mechanical stop shall not rotate.

The test shall be repeated in the opposite direction of rotation.

21101 Part of the flexible sheet\heating element is held between two boards 100 mm tHick
andl of a size necessary to fully cover the width of the flexible sheet heating element. Qne
pak of edges of the boards is‘rounded with a radius of 50 mm.

The assembly is placed.in an ambient temperature of —5 °C or the lowest ambient temperatlre
spécified for installation, whichever is lower. When the flexible sheet heating element has
redqched this tempeérature, its free end is bent over the rounded edges of the boards. It is bpnt
thrpbugh an angle -of 180 ° and back to its normal position, in both directions. This bendjing
opération is carried out three times.

The heating unit shall then withstand the electric strength test of 16.3 and shall not|be
damaged to such an extent that compliance with this standard is impaired.

21.102 This test is carried out on two heating units. The heating unit is placed on a
horizontal steel plate having a smooth surface and the surface of the flexible sheet heating
element is scratched by means of a hardened steel pin, the end of which has the form of a
cone with an angle of 40°. Its tip is rounded with a radius of 0,25 mm + 0,02 mm. The pin is
loaded so that the force exerted along its axis is 10 N £ 0,5 N for applications in floors of
concrete and similar materials and 5 N = 0,5 N for applications in other floors. The scratches
are made by drawing the pin along the surface at a speed of approximately 20 mm/s. The pin
is held at an angle of 5° to 10° from the vertical in the direction of movement.
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Three scratches, at least 50 mm apart, are made on both sides of one flexible sheet heating
element. They are made parallel with the length of the heating unit and at least 10 mm from
one of the edges. The length of the scratches is approximately equal to the width of the heating
unit. If the flexible sheet heating element incorporates electrodes, one of the scratches is
made along one of the electrodes.

Two similar scratches are made across the full width on both sides of the other flexible sheet
heating element.

The heating unit shall then withstand the electric strength test of 16.3.

211103 The part of the heating unit containing an insulated heating wire is placed aon+a-rigid
stelel plate. A steel rod, 6 mm in diameter, is placed across the heating wire so that it\is’only in
comtact in one location.

A fprce is applied to the rod for 30 s and has a value of

— |600 N, for heating units for applications in floors of concrete;
— |300 N, for heating units for other floor applications.

The force is applied to five different locations at least 50 mm apart:.

The heating unit shall then withstand the electric strength‘tést of 16.3. If the insulated heatjng
wire contains more than one conductor, the test for basicqdnsulation is also carried out betwgen
the conductors.

If the heating unit contains screened insulated:wires covered by a sheath, the test for basic
ingulation is also carried out between the conductors and the screen.

There shall be no penetration of the sheath:

21104 A sample of the additional tayer of material is placed on a horizontal steel plate havjng
a smooth surface and is scratche@d_ by means of a hardened steel pin, the end of which has fhe
forin of a cone with an angle ofl40°. Its tip is rounded with a radius of 0,25 mm + 0,02 mm. The
pin| is loaded so that the forcerexerted along its axis is 10 N = 0,5 N for applications in floorg of
concrete and similar materials and 5 N = 0,5 N for other applications. The pin is held at an angle
of 80° to 85° to the horizontal and scratches are made by drawing the pin along the surfacg at
a speed of approximately 20 mm/s.

Thfee scratches\are made at least 50 mm apart. Scratches shall be at least 10 mm from one of
the edges. The-length of the scratches is approximately equal to the width of the heating unit.

Similar( scratches are made on the second sample, but at right angles to the direction of the
scnatehes on the first sample.

-~

There shall be no penetration of the material.

22 Construction

22.1 If the appliance is marked with the first numeral of the IP system or any of the additional
letters of the IP system, the relevant requirements of IEC 60529:1989 including
IEC 60529:1989/AMD1:1999 and IEC 60529:1989/AMD2:2013 shall be fulfilled.

Compliance is checked by the relevant tests.
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22.2 For stationary appliances, means shall be provided to ensure disconnection from the
supply mains. Such means shall be one of the following:

a supply cord fitted with a plug;

a switch providing all-pole disconnection and complying with 24.3;

— a statement in the instructions that a disconnection incorporated in the fixed wiring is to be
provided;

— an appliance inlet.

appliances shall be connected to the line conductor.

Compliance is checked by inspection.

2213 Appliances with pins for insertion into socket-outlets shall not imposéiundue strain|on
thegse socket-outlets. The means for retaining the pins shall withstand the-forces to which the
pinis are likely to be subjected in normal use.

Compliance is checked by inserting the pins of the appliance into\aSocket-outlet. The sochet-
oullet has a horizontal pivot at a distance of 8 mm behind the-engagement face of the socKet-
oullet and in the plane of the contact apertures.

The torque that has to be applied to maintain the engagement face of the socket-outlet in fhe
veltical plane shall not exceed 0,25 Nm. The torque to-keep the socket-outlet itself in the vertical
plane is not included in this value.

A new sample of the appliance is firmly held 50 that the retention of the pins is not affected.
The appliance is placed in a heating cabinet for 1 h at a temperature of 70 °C +2 °C. The
appliance is then removed from the heating cabinet and a pull force of 50 N is immediafely
applied for 1 min to each pin along their'longitudinal axes.

WRHhen the appliance has cooled\down to room temperature, the pins shall not have bgen
displaced by more than 1 mm;

Eagh pin is then subjected in turn to a torque of 0,4 Nm, which is applied for 1 min in each
dirgction. The pins shafl not rotate unless rotation does not impair compliance with this standard.

22)4 Appliances .for heating liquids and appliances causing undue vibration shall not|be
prdvided with pins for insertion into socket-outlets.

Compliance is checked by inspection.

22 5—Apphances-intendedto-beconnectedtothesupphrmainsby-means—of-aplugerpins-for
insertion into socket-outlets shall be constructed so that in normal use, when pins are touched,
there is no risk of electric shock from charged capacitors that result in a capacitance equal to
or greater than 0,1 yF across any two pins.

Compliance is checked by the following test.

The appliance is supplied at rated voltage. Any switch is then placed in the off position and
the appliance is disconnected from the supply mains at the instant of voltage peak. One second
after disconnection, the voltage between the pins of the plug is measured with an instrument
having an input impedance of not less than 100 MQ in parallel with an input capacitance not
exceeding 25 pF.

The voltage shall not exceed 34 V.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

- 88— IEC 60335-2-96:2024 EXV © |IEC 2024

If compliance relies on the operation of an electronic circuit, the electromagnetic phenomena
tests of 19.11.4.3 and 19.11.4.4 are applied one at a time to the appliance. The test for
measuring the voltage between the pins of the plug is then repeated three times and for each
test, the voltage shall not exceed 34 V.

22.6 Appliances shall be constructed so that their electrical insulation cannot be affected by
water that could condense on cold surfaces or by liquid that could leak from containers, hoses,
couplings and similar parts of the appliance. The electrical insulation of class Il appliances
and class Il constructions shall not be affected if a hose ruptures or a seal leaks.

Compliance is checked by inspection and, in case of doubt, by the following test.

Drops of coloured water solution are applied by a syringe to parts inside the applianice where
leakage of a liquid could occur and affect electrical insulation. The appliance is in~operation or
at fest, whichever is the more unfavourable.

After this test, inspection shall show that there is no trace of liquid on windings or insulafion
thdt could result in a reduction of creepage distances below the values'specified in 29.2.

22|7 Appliances containing liquid or gases in normal use or having’steam-producing devig¢es
shall incorporate adequate safeguards against the risk of excessive pressure.

Compliance is checked by inspection and, if necessary, by an’appropriate test.

22)8 For appliances having compartments to which-a€cess can be gained without the aid gf a
toqgl and that are likely to be cleaned in normal use{the electrical connections shall be arranged
so fthat they are not subject to pulling during cleaning.

Compliance is checked by inspection and-by‘manual test.

22)9 Appliances shall be constructed’so that parts such as insulation, internal wiring, windings,
cofnmutators and slip rings are not-exposed to oil, grease or similar substances, unless fhe
su{stance has adequate insulating properties so that compliance with this standard is hot
impaired.

Compliance is checked by inspection and by the tests of this standard.

22110 It shall not be\possible to reset voltage-maintained non-self-resetting thermal cut-outs
by [the operation 'of an automatic switching device incorporated within the appliance. This
requirement jistonly applicable if a non-self-resetting thermal cut-out is required by this
standard and‘a voltage maintained non-self-resetting thermal cut-out is used to meet it.

NOTE A \Voltage-maintained controls are intended to automatically reset if they become de-energized.

Non-setf-resetting thermat motor protectors shattave @ trip-free action untess they are

voltage maintained.

NOTE 2 Trip-free is an automatic action that is independent of manipulation or position of the actuating member.

Reset buttons of non-self-resetting controls shall be located or protected so that their
accidental resetting is unlikely to occur if this could result in a hazard.

NOTE 3 For example, this requirement precludes the location of reset buttons on the back of an appliance, which
could result in them being reset by pushing the appliance against a wall.

Compliance is checked by inspection.
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22.11 Non-detachable parts that protect against access to live parts, moisture or contact with
moving parts shall be fixed in a reliable manner and withstand the mechanical stress occurring
during normal use. Snap-in devices used for fixing such parts shall have an obvious locked
position. The fixing properties of snap-in devices used in parts that are likely to be removed
during installation or servicing shall be reliable.

Compliance is checked by the following tests.

Parts that are likely to be removed during installation or servicing are disassembled and
assembled 10 times before the test is carried out.

NOTE Servicing includes replacement of the supply cord, except in appliances with a Type Z attachment.

The test is carried out at room temperature. However, if compliance may be affetted by the
temperature of the appliance, the test is also carried out immediately after it has been operafed
undler the conditions specified in Clause 11.

The test is applied to all parts that are likely to be detachable whether of\riot they are fixed| by
screws, rivets or similar parts.

A fprce is applied without jerks for 10 s in the most unfavourable-direction to parts likely to|be
wepk. The force is as follows:

— |push force, 50 N;

— |pull force:

e fthe shape of the part is such that the fingertips cannot easily slip off, 50 N;
. gothls projection of the part that is grippeadis less than 10 mm in the direction of removal,

The push force is applied by test probe 1T~of IEC 61032.

The pull force is applied by a suitable. means, such as a suction cup, so that the test results are
no{l affected. While the force is béing applied, the test fingernail of Figure 7 is inserted in &any
aperture or joint with a force o0f-10 N. The fingernail is then slid sideways with a force of 10 N
bul is not twisted or used as.a-lever.

If the shape of the patt'is such that an axial pull is unlikely, the pull force is not applied but the
test fingernail is insérted in any aperture or joint with a force of 10 N and is then pulled for 10 s
by Imeans of the leop with a force of 30 N in the direction of removal.

If the part is-likely to be twisted, the following torque is applied at the same time as the pul| or
push force:

— |2%Nm, for major dimensions up to 50 mm;

— 4 Nm, for major dimensions over 50 mm.

This torque is also applied when the test fingernail is pulled by means of the loop.
If the projection of the part which is gripped is less than 10 mm, the torque is reduced by 50 %.
Parts shall remain in the locked position and not become detached.

22.12 Handles, knobs, grips, levers and parts providing a similar function shall be fixed in a
reliable manner so that they will not work loose in normal use if loosening could result in a
hazard, including a choking hazard. If these parts are used to indicate the position of switches
or similar components, it shall not be possible to remove or fix them incorrectly if this could
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result in a hazard. The requirement concerning the choking hazard does not apply to appliances
intended for commercial use.

Sealing compound and similar materials, other than self-hardening resins, shall not be used to
prevent loosening.

Compliance is checked by inspection, by manual test and by trying to remove the part by
applying an axial force of:

— 15N, if an axial pull is unlikely to be applied in normal use;

— |30 N, if an axial pull is likely to be applied in normal use.

The force is applied for 1 min.

If the part is removed and can be contained within the small parts cylinder in\Eigure 13,|its
loosening is considered to result in a choking hazard.

22113 Appliances shall be constructed so that when handles are gripped jn“-normal use, contact
is Unlikely between the operator's hand and parts having a temperature-rise exceeding the vajue
spegcified in Table 3 for handles which are held for short periods onlyin normal use.

Compliance is checked by inspection and, if necessary, by determining the temperature riseg.

22114 Appliances shall have no ragged or sharp edges,) other than those necessary for the
funlctioning of the appliance, which could create a hazard for the user in normal use or durjng
user maintenance.

Pojlnted ends of self-tapping screws or other fasteners shall be located so that they are unlikely
to be touched by the user in normal use or,during user maintenance.

Compliance is checked by inspection.
22115 Storage hooks and similar‘devices for flexible cords shall be smooth and well-rounde(d.
Compliance is checked by(inspection.

22116 Automatic cord.reels shall be constructed so that they do not cause:

— |undue abrasion“or damage to the sheath of the flexible cord;
— |breakagelofconductor strands;

— |unduewear of contacts.

Compliance is checked by the following test, which is carried out without passing currgnt

by £l flaihla ~nned
r
OugTT tTC T CATOTC—CUTUY

Two-thirds of the length of the cord is unreeled. If the withdrawable length of the cord is less
than 225 cm, the cord is unreeled so that a length of 75 cm remains on the reel. An additional
length of 75 cm of the cord is then unreeled and pulled in a direction so that the greatest
abrasion occurs to the sheath, taking into account the normal position of use of the appliance.
Where the cord leaves the appliance, the angle between the axis of the cord during the test and
the axis of the cord when it is unreeled without substantial resistance is approximately 60°. The
cord is allowed to be recoiled by the reel.

If the cord does not recoil at the angle of 60°, this angle is adjusted to the maximum that will
allow recoil.
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The test is carried out 6 000 times at a rate of approximately 30 times per minute or at the
maximum rate allowed by the construction of the cord reel if this is less.

NOTE The test can be interrupted to allow the cord to cool.

After this test, the cord and cord reel are inspected. In case of doubt the cord is subjected to
the electric strength test of 16.3, a test voltage of 1 000 V being applied between the conductors
of the cord connected together and metal foil wrapped around the cord.

22.17 Spacers intended to prevent the appliance from overheating walls shall be fixed so that
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mpliance is checked by inspection and by manual test.

18 Current-carrying parts and other metal parts, the corrosion of which-could result i
rard, shall be resistant to corrosion under normal conditions of use.

b requirement is not applicable to parts made from stainless ste€gllyplated steel and sim
mpliance is checked by verifying that after the tests of Clause 19, the relevant parts sh
sign of corrosion.

[E Compatibility of the materials of terminals and the effegt0f heating can influence corrosion.

19 Driving belts shall not be relied upon to provide the required level of insulation unlg
y are constructed to prevent inappropriate ceplacement.

mpliance is checked by inspection.

20 Direct contact between live parts and thermal insulation shall be effectively preven
ess such material is non-corrgsive, non-hygroscopic and non-combustible.

b requirement is not appliecable to glass-wool thermal insulation.

[E Non-impregnated slag-wool is an example of corrosive thermal insulation.

mpliance is chécked by inspection and, if necessary, by appropriate tests.

21 Wood,«Cotton, silk, ordinary paper and similar fibrous or hygroscopic material shall
used astinsulation, unless impregnated. This requirement does not apply:

talmagnesium oxide and mineral ceramic fibres used for the electrical insulation of heat

5 not possible to remove them from the outside of the appliance by hand or by means\df a

lar

ow

ted

hot

ng

elements;

insulating material where the interstices between the fibres of the material are substantially

filled with a suitable insulant.

Compliance is checked by inspection.

22.

22 Appliances shall not contain asbestos.

Compliance is checked by inspection.

22.

23 Qils containing polychlorinated biphenyl (PCB) shall not be used in appliances.

Compliance is checked by inspection.
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22.24 Bare heating elements, other than those in class Ill appliances or class lll
constructions that do not contain live parts, shall be supported so that the heating conductor
is unlikely to come into contact with accessible metal parts if they rupture.

Compliance is checked by inspection after cutting the heating conductor in the most
unfavourable place. No force is applied to the conductor after it has been cut.

22.25 Appliances shall be constructed so that sagging heating conductors cannot come into
contact with accessible metal parts. This requirement does not apply:

— [fo class T appliances or paris of class Il constructions that do not contain live parts;
— |where a core is provided that effectively prevents the heating conductor from sagging; ofr

— |where supplementary insulation is provided to prevent the heating conductor from
contacting accessible metal parts.

Compliance is checked by inspection.

2226 Appliances having parts of class Il construction shall be gonstructed so that fhe
insulation between parts operating at safety extra-low voltage androther live parts compllies
with the requirements for double insulation or reinforced insulation.

Compliance is checked by the tests specified for double insulation or reinforced insulati¢n.

2227 Parts connected by protective impedance shall be separated by double insulation or
reipforced insulation.

Compliance is checked by the tests specified forndouble insulation or reinforced insulatign.

22)28 For class Il appliances connected.in‘normal use to the gas mains or to the water maips,
mejtal parts conductively connected to.the gas pipes or in contact with the water shall|be
separated from live parts by double insulation or reinforced insulation.

Compliance is checked by inspection.

22129 Class Il appliances )intended to be permanently connected to fixed wiring shall|be
constructed so that the,required degree of access to live parts is maintained after installatipn.

NOTE The protectiomagdinst access to live parts can be affected, for example, by the installation of metal conduits
or dables provided with-a metal sheath.

Compliance-is thecked by inspection.

22130, Rarts of class Il construction which serve as supplementary insulation or reinforged
inqulation, and which could be omitted during reassembly after servicing, shall be:

— fixed so that they cannot be removed without being seriously damaged; or

— constructed so that they cannot be replaced in an incorrect position and if they are omitted,
the appliance is rendered inoperable or manifestly incomplete.

NOTE Servicing includes replacement of components such as supply cords except in appliances having a Type Z
attachment and switches.

Compliance is checked by inspection and by manual test.
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22.31 Neither clearances nor creepage distances over supplementary insulation and
reinforced insulation shall be reduced below the values specified in Clause 29 as a result of
wear.

If a part, such as a wire, screw, nut or spring, becomes loose or falls out of position, neither
clearances nor creepage distances between live parts and accessible parts shall be
reduced below the values specified for supplementary insulation. This requirement does not

apply if:

— parts are fixed by means of screws or nuts and locking washers provided that these screws
i i S } e e Hy—€ her

servicing;
— |short rigid wires remain in position when the terminal screw is loosened;

— |parts are held in place with two independent fixings that are not expected to become logse
at the same time;

— |wires connected by soldering are held in place near the terminals independently of the
solder;

— |wires connected to terminals have an additional fixing provided nearthe terminal, so thaf in
the case of stranded conductors, the fixing clamps both the insulation and conductor.

With the appliance in its normal position of use, compliance is checked by inspection, by manjual
test and by measurement.

22132 Supplementary insulation and reinforced insulation shall be constructed or protected
so [that the deposition of pollution resulting from wear, of parts within the appliance does pot
requce clearances or creepage distances below(the’values specified in Clause 29.

Pafts of natural or synthetic rubber used as supplementary insulation shall be resistan{ to
agting or be located and dimensioned so.that creepage distances are not reduced below fhe
values specified in 29.2, even if cracks occur.

Cefamic material which is not tightly-sintered, similar materials or beads alone shall not be uged
as |supplementary insulation or'reinforced insulation. Ceramic and similar porous material
in which heating conductors ‘are embedded is considered to be basic insulation and pot
reinforced insulation. This‘tequirement is not applicable to heating conductors in PTC heating
elements.

Compliance is checked by inspection and by measurement.
If the rubber part has to be resistant to ageing, the following test is carried out.

The partsis-suspended freely in an oxygen bomb, the effective capacity of the bomb being at
lealst 10-times the volume of the part. The bomb is filled with oxygen not less than 97 % pdure,
to @ préssure of 2,1 MPa + 0,07 MPa and maintained at a temperature of 70 °C + 1 °C.

WARNING — The use of the oxygen bomb presents some danger unless handled with care.
Precautions shall be taken to avoid the risk of explosion due to sudden oxidation.

The part is kept in the bomb for 96 h. It is then removed from the bomb and left at room
temperature out of direct sunlight for at least 16 h.

The part is then examined and shall show no crack visible to the naked eye.

In case of doubt, the following test is carried out to determine if ceramic material is tightly
sintered.
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The ceramic material is broken into pieces that are immersed in a solution containing 1 g of
fuchsine in each 100 g of methylated spirit. The solution is maintained at a pressure not less
than 15 MPa for a period so that the product of the test duration in hours and the test pressure
in megapascals is approximately 180.

The pieces are removed from the solution, rinsed, dried and broken into smaller pieces.

The freshly broken surfaces are examined and shall not show any trace of dye visible to the
naked eye.

22133 Conductive liquids that are or may become accessible in normal use and conductive
ligyids that are in contact with unearthed accessible metal parts shall not be in direct-¢entact
with live parts or unearthed metal parts that are separated from live parts by basic insulation
only.

E

gctrodes shall not be used for heating liquids.

For class Il construction, conductive liquids that are or may become aceessible in normal ise
andl conductive liquids that are in contact with unearthed accessible metal parts shall not|be
in [direct contact with basic insulation or reinforced insulation unless the reinforged
ingulation consists of at least 3 layers.

For class Il construction, conductive liquids which are in ‘cohtact with live parts shall not|be
in direct contact with reinforced insulation unless the(reinforced insulation consists of at
least 3 layers.

An|air layer shall not be used as basic insulation'or supplementary insulation in a doubple
ingulation system if it is likely to be bridged by\leaking liquid.

Compliance is checked by inspection.

22)34 Shafts of operating knobs, handles, levers and similar parts shall not be live unless the
shaft is inaccessible when the partiis removed.

Compliance is checked by inspection and by applying the test probe as specified in 8.1 after
removal of the part even-with the aid of a tool.

22)35 For other than’ class Ill constructions, handles, levers and knobs that are held| or
actuated in normalt’use shall not become live in the event of a failure of basic insulatipn.
If these handles;*levers and knobs are of metal and if their shafts or fixings are likely to become
livg in the event of a failure of basic insulation, they shall be adequately covered by insulating
malterial <0r“their accessible parts shall be separated from their shafts or fixings |by
supplementary insulation.

For stationary appliances and cordless appliances, this requirement does not apply to handles,
levers and knobs, other than those of electrical components, provided that they are reliably
connected to an earthing terminal or earthing contact or separated from live parts by earthed
metal.

NOTE A cordless appliance is an appliance that is connected to the supply only when placed on its associated
stand.

Compliance is checked by inspection and if necessary by the relevant tests.

Insulating material covering metal handles, levers and knobs shall withstand the electric
strength test of 16.3 specified for supplementary insulation.
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22.36 For appliances other than class Ill appliances, handles which are continuously held in
the hand in normal use shall be constructed so that when gripped in normal use, the operator's
hand is not likely to touch metal parts unless they are separated from live parts by double
insulation or reinforced insulation.

Compliance is checked by inspection.

22.37 For class Il appliances, capacitors shall not be connected to accessible metal parts
and their casings, if of metal, shall be separated from accessible metal parts by
supplementary insulation.

This requirement does not apply to capacitors complying with the requirements for protectjve
impedance specified in 22.42.

Compliance is checked by inspection and by the relevant tests.

2238 Capacitors shall not be connected between the contacts of a thermal-cut-out.
Compliance is checked by inspection.

2239 Lampholders shall be used only for the connection of lamps.

Compliance is checked by inspection.

2240 Motor-operated appliances and combined.appliances which are intended to be moyed
whlle in operation, or which have accessible moving parts, shall be fitted with a switcH to
comntrol the motor. The actuating member of this'switch shall be easily visible and accessibl¢

D

Unl|ess the appliance can operate continuously, automatically or remotely without giving risg to
a Iazard, appliances for remote operation shall be fitted with a switch for stopping the
opgration of the appliance. The actuating member of this switch shall be easily visible and
acgessible.

NOTE Examples of appliances thdt can operate continuously, automatically or remotely without giving rise {o a
hazprd are fans, storage water h€aters, air conditioners, refrigerators and drives for awnings, windows, doors, gates
and| shutters.

Compliance is checked by inspection.
22)41 Applianees shall not incorporate components, other than lamps, containing mercury.

Compliancé-is checked by inspection.

2242 Protective impedance shall consist of at least two separate components. If any ong of
the components is short-circuited or open-circuited, the values specified in 8.1.4 shall not be
exceeded.

Component impedances shall be unlikely to change significantly during the lifetime of the
appliance.

Compliance is checked by inspection and by measurement and if necessary, for resistors and
capacitors by the following tests.

Resistors are checked by the test of 14.2 a) in IEC 60065:2014 and capacitors are checked by
the tests for class Y capacitors in IEC 60384-14:2013 including IEC 60384-14:2013/AMD1:2016
appropriate to the rated voltage of the appliance.
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22.43 Appliances which can be adjusted for different voltages shall be constructed so that
accidental changing of the setting is unlikely to occur.

Compliance is checked by manual test.

22.

44 Appliances shall not have an enclosure that is shaped or decorated like a toy.

NOTE 1 Examples of such enclosures are those representing animals, characters, persons or scale models.

The requirement is not applicable to appliances where there is a toy shaped like the appliance.
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E 2 An example of a toy shaped like an appliance is a toy refrigerator.

mpliance is checked by inspection.

45 When air is used as reinforced insulation, the appliance shall be constructed so t

ult of an external force applied to the enclosure.

mpliance is checked by inspection and by applying a force of 30‘N,to accessible surfac

mpliance is checked by evaluating the software in accordance with the relevant requireme
normative Annex R.

he software is modified, the evaluation and relevant tests are repeated if the modificaf
uences the results of the test.jnvolving protective electronic circuits.

47 Appliances intended“to” be connected to the water mains shall withstand the wg
ssure expected in normal use.

mpliance is checked by connecting the appliance to a water supply having a static press
hal to twice theumaximum inlet water pressure or 1,2 MPa, whichever is higher, for a pern
b min.

bre shallbe no leakage from any part, including any inlet water hose.

hat

PS.

46 If programmable protective electronic circuits are usédj)to ensure compliance with this

ndard, the software shall contain measures to control the(fault/error conditions specifieq in
ble R.1.

bse requirements are not applicable to software used for functional purpose or for compliance
h Clause 11.
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48 Appliances intended to be connected to the water mains shall be constructed to prev

©
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back-siphonage of non-potable water into the water mains.

Compliance is checked by the relevant tests of IEC 61770.

22.49 For remote operation, the duration of operation shall be set before the appliance can
be started unless the appliance switches off automatically at the end of a cycle or it can operate
continuously without giving rise to a hazard.

Compliance is checked by inspection.

NOTE For appliances such as ovens, the duration of operation has to be set before the appliance can be started.
Washing machines and dishwashers are examples of appliances that switch off automatically at the end of a cycle.
Fans, storage water heaters, air conditioners and refrigerators are examples of appliances that can operate
continuously without giving rise to a hazard.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 EXV © |IEC 2024 - 97 -

22.50 Controls incorporated in the appliance, if any, shall take priority over controls actuated
by remote operation.

Compliance is checked by inspection and by appropriate tests if necessary.

22.51 A control on the appliance shall be manually adjusted to the setting for remote operation
before the appliance can be operated in this mode. There shall be a visual indication on the
appliance showing that the appliance is adjusted for remote operation. The manual setting and
the visual indication of the remote mode are not necessary on appliances that can:

— [operate confinuously; or
— |operate automatically; or
— |be operated remotely;

without giving rise to a hazard.

Compliance is checked by inspection.

NOTE Examples of appliances that can operate continuously, automatically or remptely without giving rise {o a
hazprd are fans, storage water heaters, air conditioners, refrigerators and drivesfer.awnings, windows, doors, gates
and| shutters.

22)52 Socket-outlets on appliances accessible to the user shall be in accordance with the
sog¢ket-outlet system used in the country in which the appliance is sold.

Compliance is checked by inspection.

22)53 Class Il appliances and class lll appliances that incorporate functionally earthed p3rts
shall have at least double insulation or reinforced insulation between live parts and the
funlctionally earthed parts.

Compliance is checked by inspectionahd test.

22)54 Button cells and batteries designated R1 shall not be accessible without the aid df a
togl unless the cover of theirlcompartment can only be opened after at least two independent
moyvements have been applied simultaneously.

Compliance is checked by inspection and by manual test.

NOTE Batteries.are specified in IEC 60086-2.

22)55 Devices that are operated by the user to stop the intended function of the appliancg, if
any, shall-be distinguished from other manual devices by means of shape, or size, or surface
texture;.or position. This requirement concerning position does not preclude use of a push|on
push.off switch.

An indication when the device has been operated shall be given by:

— tactile feedback from the actuator or tactile feedback from the appliance such as stopping
of the vibration on the body of the appliance or of a part of it; or

— reduction in heat output; or

— audible and visible feedback.

The sound of the motor or sound of an actuator switching from on to off is considered as an

audible feedback. A switch with a stable off-position different from the on-position is

considered visual and tactile feedback. The force feedback from the actuator when operating it
is considered to be tactile feedback.
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Compliance is checked by inspection and by manual test.

22.56 Detachable power supply part shall be provided with the part of class lll construction
of the appliance.

Compliance is checked by inspection.

22.57 The properties of non-metallic materials shall not degrade from exposure to UV-C
radiation generated from UV sources provided for microbiological control within the appliance

SU?MMWhM&MMMM&MMSS,
ceffamics or similar materials.

Compliance is checked by the conditioning and tests of normative Annex T.

22)58 Appliances connected to the supply mains by an appliance inlet, shall be provided with
a cord set or a connector for attachment to a suitable flexible cord.

The requirement is not applicable to:
— |appliances connected to the supply mains by an appliance inlet'eemplying with the standard
sheets of IEC 60320-3;

— |single phase appliances having a rated current exceeding16 A and that are connected to
the supply mains by an appliance inlet complying with¢the standard sheets of IEC 60309-2;

ith

— |multi-phase appliances connected to the supply mains by an appliance inlet complying W
the standard sheets of IEC 60309-2;

Compliance is checked by inspection.

22159 Protective extra-low voltage circuits shall be separated by at least supplementary
ingulation from circuits operating at safety extra-low voltage.

NOTE Supplementary insulation is not required between protective extra-low voltage circuits.

Compliance is checked by inspection and the tests for supplementary insulation.

22)60 Functional earthing terminals and functional earthing contacts shall not be connected to
thg neutral terminal.

Compliance is cheeked by inspection.

22161 Appliance outlets complying with the standard sheets in IEC 60320-3 accessible to fhe
user andssocket-outlets accessible to the user:

— |that’are incorporated in appliances connected to the supply mains; and

— that operate at rated voltage

shall be single-phase with a current rating not exceeding 16 A.

Appliance outlets accessible to the user, other than those intended to supply accessories
supplied with the appliance and socket-outlets accessible to the user shall be protected by one
of the following protective devices, having a current rating not exceeding the current rating of
the appliance outlet or socket-outlet:

— acircuit breaker for equipment complying with IEC 60934;

— anon-user replaceable fuse-link.
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The protective device shall be placed behind a non-detachable cover. The actuating member
of the circuit breaker may be accessible.

The current rating of appliance outlets and socket-outlets marked with the outlet load in watts,
is obtained from the marked outlet load divided by the rated voltage.

Compliance is checked by inspection.

22.62 Remote communication through public networks shall not impair compliance with this
standard

The requirement is only applicable to:
a) | remote communication that includes the download of software or the transmission of data
that includes:

— measures according to normative Annex R necessary for compliance\with 22.46; or

— means necessary for compliance with Clauses 8 to 32 of this standard.

NOTE 1 Examples of such means are constants, algorithms, timers or a downloaded software or parameter|set
whith regulates or limits the maximum normal temperature rises in Clause 11.

NOTE 2 Examples of means which do not affect Clauses 8 to 32 of this standard are the change of speed setfing
of g range hood fan, operation of a drive to open or close a driven part/orehange of operational setting of an air
confditioner, such as fan speed, heating and cooling temperatures and louver movement.

b) |remote communication that includes the download éfsoftware or the transmission of data,
that only affects that part of the software that is net'covered by the above case a), but where
compliance with this standard may be impaired due to improper separation or partitionjng
from the software or data in the above casea).

The requirement is not applicable to appliances:

- |where all measures to comply with this standard are independent of software;

- |using remote communication through public networks for the send-only transmissior| of
data; or

— |that only provide event driven messages or push remote monitoring.

Compliance is checked by‘inspection of the product, inspection of the technical documentatipn,
andl by the requirements and tests in normative Annex U.

22101 The means of connection to the supply shall be securely fixed to the flexible sheet
heating element:

Compliance-is checked by the following test which is carried out on two heating units.

Theheating unit is laid flat on a horizontal surface and held in position so that approximately
100 mm Tength of flexible sheet heating element together with the supply Teads hang over
the edge of the surface. The free length of the supply leads is approximately 300 mm.

A force of 60 N is applied without jerks to each supply lead for 1 min. The test is repeated after
a rest period of 1 min.

There shall be no damage to the lead, connection or flexible sheet heating element impairing
compliance with this standard. The heating unit shall withstand the electric strength test of
16.3.

22.102 The insulation covering the connections and the edges of the flexible sheet heating
element shall not affect the material of the flexible sheet heating element.
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Compliance is checked by the following test.

The heating unit is placed in a cabinet at a temperature of 80 °C or 45 °C plus the temperature
rise determined during the test of Clause 11, whichever is higher. The test is carried out for
336 h.

After the heating unit has cooled down to room temperature, it shall withstand the electric
strength test of 16.3.

22,103 The sheets of electrical insulation of laminated flexible sheet heating elements shall
be |reliably bonded together. However, if the heating units are for application in a floon of
concrete or similar materials, only the edges of the flexible sheet heating element have-to|be
bonded.

Compliance is checked by the following test.

Twp sets of three samples having dimensions of approximately 15 mm %1560 mm are cut from
a new flexible sheet heating element. The samples for each set are takeh from the edge gnd
from the heating surface both perpendicular and parallel to an edgefKor applications in floprs
of goncrete or similar materials, the set consists of one sample that is cut from the edges.

Ong set is placed for 336 h in a heating cabinet corresponding to’'the temperature of the flexible
sheet heating element determined during the test of Clausev11.

The layers of insulation are then separated at one end.of each of the samples and attached to
the clamps of a tensile machine in turn.

If it is not possible to separate the layers, specially prepared samples may be used.
The clamps are separated at a rate of 250 mm/min £ 50 mm/min.
The bond strength of each sample-shall be at least 1,5 N.

The average bond strength.of the conditioned samples shall be not less than 80 % of fhe
average bond strength of the unconditioned samples.

22104 Connecting~devices fitted to supply leads and interconnection leads shall be| of
class Il construction. It shall not be possible to separate them without the aid of a tool.

Compliance js~checked by inspection.

22)105( Heating units of class Il construction intended to be installed under floors in damp
lochtions shall not subject the user to excessive capacitive currents.

Heating units having basic insulation only, but covered with additional electrical insulation,
are considered to be class Il construction.

Compliance is checked by the following test. However, the test is not carried out if the
instructions for installation specify that an air gap is required between the heating unit and the
floor.

The grid is connected to earth and to a metal foil having an area approximately
200 mm x 100 mm through the measurement instrument shown in Figure 113. The surface of
the floor directly above a heating unit is covered with 0,25 | of water containing approximately
1 % NaCl and left for 2 h. The metal foil is placed on the wet surface and the heating units are
supplied at 1,06 times rated voltage.
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The capacitive current shall not exceed 0,25 mA.

22.106 Heating units other than class Ill heating units for wall installations below a height
of 1,2 m, shall be fitted with an earthed conductive screen which is laminated with electrical
insulation or shall be provided by the manufacturer of the heating unit with a separate earthed
conductive screen which is laminated with electrical insulation.

The conductive screen shall incorporate a terminal or wire that enables the screen to be
connected to the protective conductor of the electrical installation.

The conductive screen shall fully cover the current carrying parts of the flexible sheet heating
element.

shall incorporate or be delivered with a protection circuit that disconnects both’poles of the
supply within one cycle of supplyfrequency when the flexible sheet heating element insulatjon
is penetrated.

He{ting units other than class Ill heating units for wall installations below a height of 1,2 m

The protection circuit shall not automatically reset or automatically reeonnect the supply when
theg penetrating object is removed.

Compliance is checked by inspection and by the test of 22:106.1. Electrically insulated tdols
shall be used when the voltage is applied to the sample.

22)106.1 The appliance is supplied at rated voltage.“An attempt is made with a steel pin with
a diameter of 1 mm, to touch the flexible sheet heating element in three locations. A suitaple
supporting surface which allows the pin to penetrate through the surface shall be used in orfler
to ensure that the current carrying part of the‘flexible sheet heating element can be touched
with the pin.

If ¢ontact with the current carrying part of the flexible sheet heating element is made, a
prdtection circuit shall operate to give all pole disconnection of the flexible sheet heating
element within one cycle of the supply frequency.

WHhen the test pin is removed from the contact with the current carrying part of the flexiple
sheet heating element, a‘manual operation shall be required to re-energize the flexible sheet
heating element.

If the protection_circuit does not rely on a connection to the supply system protective earth to
cauwse its operation,
— |the voltage on the test pin prior and during detection shall not be greater than 24 V, andg

— |thelmaximum current through the test pin shall not exceed 5§ mA, when measured to egrth
oréany of the supply conductors.

If the protection system relies on contact with a conductive layer, such as metal braiding or
metal foil, to cause its operation and if the conductive layer does not comply with the
requirements for accessible metal parts of 27.5, then the conductive layer shall be insulated
from live parts by reinforced insulation or double insulation and be covered by a sheath
complying with the requirements for basic insulation.

23 Internal wiring
23.1 Wireways shall be smooth and free from sharp edges.

Wires shall be protected so that they do not come into contact with burrs, cooling fins or similar
edges which may cause damage to their insulation.
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Holes in metal through which insulated wires pass shall have smooth well-rounded surfaces or
be provided with bushings.

Wiring shall be effectively prevented from coming into contact with moving parts.
Compliance is checked by inspection.

23.2 Beads and similar ceramic insulators on live wires shall be fixed or located so that they
cannot change their position or rest on sharp edges. If beads are inside flexible metal conduits,

thwﬂmmwmmmmmm&mﬁmnal
use.
Compliance is checked by inspection and by manual test.

2313 Different parts of an appliance that can move relative to each other injnormal use| or
dufing user maintenance shall not cause undue stress to electrical connegtions and interpal
co%ductors, including those providing earthing continuity. Flexible metallic-tubes shall not cayse
damage to the insulation of the conductors contained within them. Open-coil springs shall hot
be |used to protect the wiring. If a coiled spring, the turns of which téuch one another, is uged
for|this purpose, there shall be an adequate insulating lining, such, as the sheath of a flexiple
cond complying with IEC 60227, IEC 60245 or IEC 62821, in addition to the insulation of the
conductors.

Compliance is checked by inspection and by the followingytest.

If flexing occurs in normal use, the appliance is glaced in the normal position of use and is
supplied at rated voltage and operated under normal operation.

The movable part is moved backwards and.forwards, so that the conductor is flexed throgygh
theg largest angle allowed by the construction, the rate of flexing being 30 per minute. The
number of flexings is:

— |10 000, for conductors flexed during normal use;

— | 100, for conductors flexed-during user maintenance.

NOTE A flexing is one movement, either backwards or forwards.

The appliance shall not:be damaged to the extent that compliance with this standard is impaifed
an%it shall be fit forfurther use. In particular, the wiring and its connections shall withstand the

electric strength, test of 16.3, the test voltage being reduced to 1 000 V and applied betwegen
live parts and~accessible metal parts only. In addition, not more than 10 % of the strandg of
any condugtor of the internal wiring between the main part of the appliance and the movaple
paft shall.be’broken. However, if the wiring supplies circuits that consume no more than 15|W,
then ne_more than 30 % of the strands shall be broken.

23.4 Bare internal wiring shall be rigid and fixed so that, in normal use, clearances or
creepage distances cannot be reduced below the values specified in Clause 29.

Compliance is checked during the tests of 29.1 and 29.2.

23.5 A single layer of internal wiring insulation shall not be used to provide reinforced
insulation.

For class Il construction, the sheath of a cord complying with IEC 60227 or IEC 60245 or
IEC 62821 may provide supplementary insulation.

Insulation of single layer internal wiring that is subjected to the supply mains voltage shall
withstand the electrical stress likely to occur in normal use.
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Compliance is checked by inspection and as follows.

The insulation of single layer internal wiring shall be electrically equivalent to the basic
insulation of cords complying with IEC 60227 or IEC 60245 or IEC 62821 or shall comply with
the following electric strength test. If the basic insulation of the conductor does not fulfil one
of these conditions, the conductor is considered to be bare.

A voltage of 2 000 V is applied for 15 min between the conductor and metal foil wrapped around
the insulation. There shall be no breakdown.

23i6 When sleeving is used as supplementary insulation on internal wiring, the sleévjng
shall be retained in position by clamping at both ends or be such that it can only be remoyed
by breaking or cutting.

Compliance is checked by inspection and by manual test.

23]7 Conductors identified by the colour combination green/yellow shallYonly be used |for
ealthing conductors.

Compliance is checked by inspection.

23)8 Aluminium wires shall not be used for internal wiring.
The requirement does not apply to windings.

Compliance is checked by inspection.

2319 Stranded conductors shall not be consolidated by soldering where they are subjected to
contact pressure, unless the contact pressure is provided by spring terminals.

The requirement does not apply to the soldered tip of a stranded conductor.
Compliance is checked by inspéction.

23110 The insulation and ‘sheath of internal wiring, incorporated in external hoses for the
conmnection of an appliance to the water mains, shall be at least equivalent to that of light
polyvinyl chloride sheathed flexible cord (code designation 60227 IEC 52).

Compliance is,ehecked by inspection and by the tests specified in Table 6 of IEC 60227-5:2011
reference nuthbers 1 and 2.

24| Components

24.1 Components shall comply with the safety requirements specified in the relevant IEC
standards as far as they reasonably apply.

Compliance with the IEC standard for the relevant component does not necessarily ensure
compliance with the requirements of this standard.

Motors are not required to comply with IEC 60034-1. They are tested as part of the appliance
according to this standard.

Relays shall be tested as part of the appliance according to this standard. They may be
alternatively tested to IEC 60730-1:2013 including IEC 60730-1:2013/AMD1:2015, in which
case they must also meet the additional requirements in IEC 60335-1.
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Unless otherwise specified, the requirements of Clause 29 of this standard apply between live
parts of components and accessible parts of the appliance. Unless otherwise specified,
components may comply with the requirements for clearances and creepage distances for
functional insulation as specified in the relevant component standard.

Unless otherwise specified, the requirements of 30.2 of this standard apply to parts of non-
metallic material in components including parts of non-metallic material supporting current-
carrying connections inside components.

Components that have not been previously tested and shown to comply with the IEC standard
for[the relevant component are tested according to the requirements of 30.2 of this standardl.

Components that have been previously tested and shown to comply with the resistance to fire
requirements in the IEC standard for the relevant component need not be retested proviged
that:

— |the severity specified in the component standard is not less than the severity specified in
30.2 of this standard, and

— |unless the pre-selection alternatives in 30.2 are used, the test seport for the compongnt
states the values of tg and t; as required by IEC 60695-2-11:2014,

If the above two conditions are not satisfied, the component istested as part of the appliange.

NOTE 1 There are two levels of severity specified for appliances forawhich 30.2.3 is applicable.

Power electronic converter circuits are not requiredyto comply with IEC 62477-1. They are
tested as part of the appliance according to this standard.

Unless components have been previously_tested and found to comply with the relevant
IEQ standard for the number of cycles specified, they are tested in accordance with 24.1.1
to 4.1.9. For components mentioned in 24.1.1 to 24.1.9, no additional tests specified in fhe
relgvant IEC standard for the component are necessary other than those specified in 24.1.1 to
2441.9.

Components that have not been separately tested and found to comply with the relevant [EC
dard and componentstfiat are not marked or not used in accordance with their marking gre
tested in accordance with“the conditions occurring in the appliance, the number of samples
being that required by the relevant standard.

NOTE 2 For automatic controls, marking includes documentation and declaration as specified in Clause T of
IEC|60730-1:2013/AMD1:2015.

Lampholders)and starterholders that have not been previously tested and found to comply with
the relevant IEC standard are tested as a part of the appliance and shall additionally comlply
with the-gauging and interchangeability requirements of the relevant IEC standard under fhe
conditions occurring in the appliance. Where the relevant IEC standard specifies these gaugjng
and interchangeability requirements at elevated temperatures, the temperatures measured
during the tests of Clause 11 are used.

Unless they are specifically mentioned in the text of this standard, there are no additional tests
specified for nationally standardized plugs such as those detailed in IEC TR 60083 or
connectors or plug connectors complying with the standard sheets of IEC 60320-3 or
connectors complying with the standard sheets of IEC 60309-2.

When an IEC standard does not exist for a component, there are no additional tests specified.
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2411 The relevant standard for capacitors likely to be permanently subjected to the supply
voltage and wused for radio interference suppression or for voltage dividing
is IEC 60384-14:2013 including IEC 60384-14:2013/AMD1:2016.

Capacitors likely to be permanently subjected to the supply voltage are capacitors incorporated
in appliances:

— for which 30.2.3 is applicable; or

— for which 30.2.2 is applicable, unless the capacitor is disconnected from the supply mains
by an on-off switch. This switch shall provide all-pole disconnection if the capacitor is
connected to earth.

If the capacitors have to be tested, they are tested in accordance with normative Annéx F.

24)1.2 The relevant standard for transformers in associated switch mode power’supplies is
Anhex BB of IEC 61558-2-16:2009 including IEC 61558-2-16:2009/AMD1:2013, Clause 2§ of
IEC 61558-1:2017 and Annex H of IEC 61558-1:2017 are not applicable.

The relevant standard for safety isolating transformers is IEC 6155832-6:2009. If they have
to be tested, they are tested in accordance with normative Annex G

2411.3 The relevant standard for switches is IEC 61058-1(2016. The number of cycleg of
opgration declared for 7.4 of IEC 610568-1:2016 shall be at/least 10 000. If they have to|be
tested, they are tested in accordance with normative Annex H.

The number of operating cycles for switches need not be declared for 7.4 if the appliance megts
the requirements of this standard when they are.rehdered inoperative.

If the switch operates a relay or contactor, the complete switching system is subjected to the
test.

If the switch only operates a motor-starting relay complying with IEC 60730-2-10 with the
number of cycles of operation declared for 6.10 and 6.11 of IEC 60730-1:2013 includjng
IEC 60730-1:2013/AMD1:2015 ofat least 10 000 cycles, the complete switching system need
nol be tested.

2411.4 The relevanty standard for automatic controls is IEC 60730-1:2013 including
IEC 60730-1:2013/AMD1:2015 together with the relevant part 2.

The number of.cycles of operation declared for 6.10 and 6.11 of IEC 60730-1:2013 includjng
IEG 60730-1¢2013/AMD1:2015 shall not be less than the following:

— |thermostats 10 000
— |temperature limiters 1000
— self-resetting thermal cut-outs 300
— voltage-maintained non-self-resetting thermal cut-outs 1000
— other non-self-resetting thermal cut-outs 30
— timers 3 000
— energy regulators 10 000

The number of cycles of operation for automatic controls that operate during the test of
Clause 11 need not be declared for 6.10 and 6.11 of IEC 60730-1, if the appliance meets the
requirements of this standard when they are short-circuited or rendered inoperative.

If automatic controls have to be tested, they are also tested in accordance with
Subclauses 11.3.5 to 11.3.8 and Clause 17 of [EC 60730-1:2013 including
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IEC 60730-1:2013/AMD1:2015 as type 1 controls. The tests of Clauses 12, 13 and 14 of
IEC 60730-1:2013 including IEC 60730-1:2013/AMD1:2015 are not carried out before carrying
out the test of Clause 17.

The ambient temperature during the test of Clause 17 of IEC 60730-1:2013 including
IEC 60730-1:2013/AMD1:2015 is that occurring during the test of Clause 11 in the appliance,

as

specified in footnote b of Table 3.

Thermal motor protectors are tested in combination with their motor under the conditions
specified in normative Annex D.
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water valves containing live parts and that are incorporated in external hoses
nection of an appliance to the water mains, the degree of protection provided by enclosu

(7.

ermal cut-outs of the capillary type shall comply with the requirements far type 2.K contr

1.5 The relevant standard for appliance couplers is IEC 60320-1. However, for applian
ssified higher than IPX0, the relevant standard is IEC 60320-2-3.

1.6 The relevant standard for small lampholders similarto E10 lampholders is IEC 602
requirements for E10 lampholders being applicable. However, they need not accept a la
h an E10 cap complying with the current edition of‘standard sheet 7004-22 of IEC 60061

1.7 If the remote operation of the appliance is via a telecommunication network,
bvant standard for the telecommunication ifterface circuitry in the appliance is IEC 6215

1.8 The relevant standard for thermal links is IEC 60691. Thermal links that do
nply with IEC 60691 are consideredto be an intentionally weak part for the purposes
use 19.

1.9 Contactors and relays;- other than motor starting relays, are tested as part of
bliance. However, they are-also tested in accordance with Clause 17 of IEC 60730-1:2(
uding IEC 60730-1:2013/AMD1:2015 under the maximum load conditions occurring in
bliance for at least the’ number of cycles of operation in 24.1.4 selected according to
tactor or relay function in the appliance.

1.10 Lamps-and lamp systems that have not been previously tested and found to com|
h the exempt group classification of IEC 62471:2006 general lighting systems (GI
arding-actinic ultraviolet hazard (Eg) and near-UV hazard (E ;) are tested as a part of

bliarice*and shall comply with the requirements of Clause 32 under the conditions occurn
hécappliance.
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Unless otherwise specified, the following components are considered to comply with the exempt
group classification of IEC 62471:2006 regarding actinic ultraviolet hazard (Eg) and near-UV

hazard (E):

visible light indicators;

infrared sources used for signalling or communication;
seven-segment indicators;

liquid-crystal displays;

organic LED displays (OLED);

plasma displays.
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24.1.11 For cord sets required to be provided with the appliance, the relevant standard is
IEC 60799. Cord sets with cords complying to IEC 62821-3 are allowed.

24.2 Appliances shall not be fitted with:

— switches, automatic controls, power supplies and the like in flexible cords;

— devices that cause the protective device in the fixed wiring to operate in the event of a
fault in the appliance;

— thermal cut-outs that can be reset by a soldering operation, unless the solder has a melting
pninf of at least 230 °C.

Compliance is checked by inspection.

2413 Switches intended to ensure all-pole disconnection of stationary appliances,|as
required in 22.2, shall be directly connected to the supply terminals and shall-have a contjact
separation in all poles, providing full disconnection under overvoltage categaery.lll conditions.

NOTE 1 Full disconnection is contact separation of a pole to ensure the equivalent/of basic insulation} in
accprdance with IEC 61058-1:2016, between the supply mains and those parts that are‘intended to be disconnecjed.

NOTE 2 Rated impulse voltages for overvoltage categories are given in Table\ 16:

Compliance is checked by inspection and by measurement.

2414 Plugs and socket-outlets for extra-low voltage Circuits, and those used as terminal
deyices for heating elements, shall not be interchangéable with plugs and socket-outlets lisfed
in |JEC TR 60083 or IEC 60906-1 or with connectors, appliance inlets, plug connectors and
appliance outlets complying with the standard sheets of IEC 60320-3.

Compliance is checked by inspection.

24)5 Capacitors in auxiliary windings>of motors shall be marked with their voltage rating and
their rated capacitance and shall be-used in accordance with these markings.

Compliance is checked by inspection and by the appropriate tests. In addition, for capacitprs
comnected in series with a-motor winding, it is verified that, when the appliance is supplied at
1,1 times rated voltage.and under minimum load, the voltage across the capacitor does hot
ex¢eed 1,1 times its voltage rating.

24)6 The working/voltage of motors directly connected to the supply mains and having bagic
ingulation that.is inadequate for the rated voltage of the appliance, shall not exceed 42 V| In
addlition, they{shall comply with the requirements of normative Annex I.

Compliance is checked by measurement and by the tests of normative Annex |.

24.7 Detachable hose-sets for the connection of appliances to the water mains shall comply
with [EC 61770. They shall be supplied with the appliance.

Appliances intended to be permanently connected to the water mains shall not be connected
by a detachable hose-set.

NOTE Examples of appliances that are considered not intended to be permanently connected to the water mains
are household appliances such as dishwashers, washing machines, tumble dryers, refrigerators, icemakers, steam
ovens and the like.

Compliance is checked by inspection.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

- 108 — IEC 60335-2-96:2024 EXV © |IEC 2024

24.8 Motor running capacitors in appliances for which 30.2.3 is applicable and that are
permanently connected in series with a motor winding shall not cause a hazard in the event of
a capacitor failure.

The requirement is considered to be met by one or more of the following conditions:

— the capacitors are of class of safety protection S2 or S3 according to IEC 60252-1:2010
including IEC 60252-1:2010/AMD1:2013;

— the capacitors are housed within a metallic or ceramic enclosure that will prevent the
emission of flame or molten material resulting from failure of the capacitor;

NOTE The enclosure can have an entry or exit hole for the wiring connecting the capacitor to the motor.

— |the distance of separation of the outer surface of the capacitor to adjacent non-metallic pgrts
exceeds 50 mm;

— |adjacent non-metallic parts within 50 mm of the outer surface of the capacitorwithstand the
needle-flame test of normative Annex E;

— |adjacent non-metallic parts within 50 mm of the outer surface of the capacitor are classifjed
as at least V-1 according to IEC 60695-11-10, provided that the test'sample used for the
classification was no thicker than the relevant part of the appliance,

For capacitors complying with IEC 60252-1:2010 including IEC 60252-1:2010/AMD1:2013, the
damp heat test severity parameters for 5.14 of IEC 60252;1:2010 including IEC 60252-
1:2010/AMD1:2013 shall be:

— |temperature 40 °C = 2 °C at a relative humidity of 83 % + 3 %;
— |duration 21 days.

Compliance is checked by inspection, measurenient or the appropriate flammability requirement.

24101 Thermal cut-outs that are necessary for compliance with Clause 19 shall be non-
self-resetting with a trip-free mechanism.

Compliance is checked by inspection.

24102 Controls and other:components necessary for the heating unit to comply with this
standard shall be supplied with the flexible sheet heating element or specified in the
insfructions for installation so they can be obtained separately.

Coptrols and other_components necessary for the heating unit to comply with 22.106 of this
stajndard shall<be supplied with the flexible sheet heating element.

Compliance-is checked by inspection.

25-Supply-connection-and-external-flexible-cords
LLSA A A ~d B~ £ J

25.1 Appliances, other than those intended to be permanently connected to fixed wiring, shall
be provided with one of the following means for connection to the supply mains:

— supply cord fitted with a plug, the current rating and voltage rating of the plug being not
less than the corresponding ratings of its associated appliance;

— an appliance inlet having at least the same degree of protection against moisture as required
for the appliance;

— pins for insertion into socket-outlets.

Compliance is checked by inspection.
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25.2 Appliances, other than stationary appliances for multiple supply, shall not be provided
with more than one means of connection to the supply mains. Stationary appliances for
multiple supply may be provided with more than one means of connection provided that the
relevant circuits are adequately insulated from each other.

NOTE 1 For example, a multiple supply may be required for appliances supplied with day and night tariffs.

Co

mpliance is checked by inspection and by the following test.

A voltage of 1 250 V of substantially sinusoidal waveform and having a frequency of 50 Hz or
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conduits having a maximum overall*dimension shown in Table 10.
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[E 2 This test can be combined with that of 16.3.

ring this test, no breakdown shall occur.

3 Heating units, other than those that can be cut on site, shall incorporate one of
owing means for permanent connection to fixed wiring:

a set of terminals, or

a set of supply leads, or

a supply cord.

ting units that can be cut on site shall be supplied with ‘a suitable means for connectior

supply cord (code designation 60245 |[EC 53).
mpliance is checked by inspection.

4 For appliances intended to be permanently connected to the fixed wiring and havin
pd current not exceeding 16 A, .cable and conduit entries shall be suitable for cables

Table.108 — Dimensions of cables and conduits

the

to
he
ath

J a
or

Number of conductors Maximum overall dimension
including\earthing
conductors mm

Cable Conduit @
2 13,0 16,0 (23,0)
3 14,0 16,0 (23,0)
4 14,5 20,0 (23,0)
5 15,5 20,0 (29,0)

2@  The dimensions in parentheses are for use in USA and Canada.

Conduit entries, cable entries and knock-outs shall be constructed or located so that the
introduction of the conduit or cable does not reduce clearances or creepage distances below
the values specified in Clause 29.

Compliance is checked by inspection and by measurement.

25.

5 Supply cords shall be assembled to the appliance by one of the following methods:

type X attachment;
type Y attachment;
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type Z attachment, if allowed in the relevant part 2.

pe X attachments, other than those having a specially prepared cord, shall not be used for

flat twin tinsel cords.

For multi-phase appliances that are supplied with a supply cord and that are intended to be
permanently connected to the fixed wiring, the supply cord shall be assembled to the appliance

by

a type Y attachment.

Modification:

Ty
Co
25
Co

25

typles:

pbe Z attachment is allowed.

mpliance is checked by inspection.

6 Plugs shall not be fitted with more than one flexible cord.
mpliance is checked by inspection.

7 Supply cords for appliances other than class lll appliances shall be one of the followjng

Rubber sheathed

Their properties shall be at least those of ordinary~tough rubber sheathed cords (caqde
designation 60245 IEC 53).

These supply cords shall not be used on appliances intended to be used outdoors or when
they are liable to be exposed to significant amounts of ultraviolet radiation.

Polychloroprene sheathed

Their properties shall be at least those of ordinary polychloroprene sheathed cords (cqde
designation 60245 IEC 57).

These supply cords may be connected to appliances intended to be used in low
temperature applications.

Polyvinyl chloride sheathed

These supply cords shall not be used if they are likely to touch metal parts having a
temperature rise exceeding 75 K during the test of Clause 11. Their properties shall bg at
least those of:

o light polyvinyl chloride sheathed cord (code designation 60227 IEC 52), for applian¢es
havinghnaimass not exceeding 3 kg;

e ordinary polyvinyl chloride sheathed cord (code designation 60227 IEC 53), for other
appliances.

Heat resistant polyvinyl chloride sheathed

These supply cords shall not be used for type X attachment other than specially prepared
cords. Their properties shall be at least those of:

e heat-resistant light polyvinyl chloride sheathed cord (code designation 60227 IEC 56),
for appliances having a mass not exceeding 3 kg;

e heat-resistant polyvinyl chloride sheathed cord (code designation 60227 IEC 57), for
other appliances.

Halogen-free, low smoke, thermoplastic insulated and sheathed
Their properties should at least be those of:

e light duty halogen-free low smoke flexible cable (code designation 62821 IEC 101 for
circular cable and code designation 62821 IEC 101f for flat cable);
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e ordinary duty halogen-free, low smoke flexible cable (code designation 62821 IEC 102
for circular cable and code designation 62821 IEC 102f for flat cable).

Supply cords for class Ill appliances shall be adequately insulated.

Compliance is checked by inspection, by measurement, and for class Ill appliances that
contain live parts, by the following test.

A voltage of 500 V is applied for 2 min between the conductor and metal foil wrapped around
the insulation, the insulation being at the temperature measured during the test of Clause 11.
Thére shall be no breakdown during this test.

25)8 Conductors of supply cords shall have a nominal cross-sectional area not less‘\than that
shown in Table 11.

Table 109 — Minimum cross-sectional area of conductors

Rated current of appliance Nominal cross-sectional area
A mm?
<0,2 Tinsetcord 2
>0,2 and <2,5 0,5a
>2,5 and <6 0,75
>6 and <10 1,0 (0,75)°
>10 and <16 1,5 (1,0)°
>16 and <25 2,5
>25 and <32 4
>32 and <40 6
>40 and <63 10
NOTE For supply cords supplied with multi-phase appliances, the nominal cross-
sectional area of the condlgétors is based on the maximum cross-sectional area of the
conductors per phase at the supply cord connection to the appliance terminals.
8 These cordsymay only be used if their nominal length does not exceed 2 m
between the peint where the cord enters the appliance and the entry to the plug.
b Cords having the cross-sectional areas indicated in the parentheses may be used
for portable appliances if their length does not exceed 2 m.

Compliance~is checked by measurement.

25)9 , Supply cords shall not be in contact with sharp points or edges of the appliance.

Compliance is checked by inspection.

25.10 The supply cord of class | appliances shall have a green/yellow core that is connected
to the earthing terminal of the appliance and for appliances not intended for permanent
connection to the fixed wiring, to the earthing contact of the plug.

In multi-phase appliances, the colour of the neutral conductor of the supply cord, if any, shall
be blue.

Where additional neutral conductors are provided in the supply cord:

— other colours may be used for these additional neutral conductors;
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all of the neutral conductors and line conductors shall be identified by marking using the

alphanumeric notation specified in IEC 60445;
the supply cord shall be fitted to the appliance.

mpliance is checked by inspection.

25.11 Conductors of supply cords shall not be consolidated by soldering where they are
subjected to contact pressure, unless the contact pressure is provided by spring terminals.

Th

Co

25

e requirement does not apply to the soldered tip of a stranded conductor

mpliance is checked by inspection.

12 The insulation of the supply cords shall not be damaged when moulding thelcord to p

of the enclosure.

Co

25
co

mpliance is checked by inspection.

13 Inlet openings for supply cords shall be constructed so thatthe sheath of the sup
rd can be introduced without risk of damage. If it is not evident\from the construction of

appliance that the supply cord can be introduced without risk of’"damage, a non-detacha

lin
su
lini

ng or non-detachable bushing shall be provided  that complies with 29.3
bplementary insulation. If the supply cord is unsheathed, a similar additional bushing
hg is required, unless the appliance is a class 0 appliance or a class Ill appliance t

do¢s not contain live parts.

Co

25
co
en

Th

mpliance is checked by inspection.

14 Appliances provided with a supply.€ord and that are moved while in operation shall
structed so that the supply cord is adequately protected against excessive flexing wher
ers the appliance.

s requirement does not apply“to appliances with automatic cord reels that comply with

requirement and test of 22.1.6¢

Co

mpliance is checked by the following test that is carried out on an apparatus having

os¢illating member assshown in Figure 8.

Th

p part of the ‘appliance that includes the inlet opening is fixed to the oscillating member

thdt, when the.supply cord is at the middle of its travel, the axis of the cord where it enters
cond guard_or'inlet is vertical and passes through the axis of oscillation. The major axis of
segtion of flat cords shall be parallel to the axis of oscillation.

Th

art

ply
the
ble
for

or
hat

be

e it

the

an

So
the
fhe

b cord is loaded so that the force n,nplir-\d iS:

10 N, for cords having a nominal cross-sectional area exceeding 0,75 mm?;
5 N, for other cords.

The distance X, as shown in Figure 8, between the axis of oscillation and the point where the
cord or cord guard enters the appliance, is adjusted so that when the oscillating member moves
over its full range, the cord and load make the minimum lateral movement.

The oscillating member is moved through an angle of 90° (45° on either side of the vertical),
the number of flexings for type Z attachments being 20 000 and for other attachments 10 000.
A flexing is one movement of 90°. The rate of flexing is 60 per minute.
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The cord and its associated parts are turned through an angle of 90° after half the number of
flexings, unless a flat cord is fitted.

During the test, the conductors are supplied at rated voltage and loaded with the rated current
of the appliance. Current is not passed through the earthing conductor or functional earthing
conductor.

The test shall not result in:

a short circuit between the conductors, such that the current exceeds a value equal to twice

25
co

shall relieve conductors from strain, including twisting, at the “terminals and protect

INs

It
int

Co

A
oth

Th
Spé

Th
clo

the rated current of the appliance;

a breakage of more than 10 % of the strands of any conductor;

separation of the conductor from its terminal;

loosening of any cord guard;

damage to the cord or cord guard which could impair compliance with this-standard;
broken strands piercing the insulation and becoming accessible.

nected to fixed wiring by a flexible cord, shall have a cord anchorage. The cord anchora

blation of the conductors from abrasion.

hall not be possible to push the cord into the appliance to such an extent that the cord
rnal parts of the appliance could be damaged.

mpliance is checked by inspection, by manual:test and by the following test.

hark is made on the cord at a distance-oefdpproximately 20 mm from the cord anchorags
er suitable point. The mark is made while the cord is subjected to a pull force of:

100 N, for fixed appliances regardiess of the mass of the appliance;
the value as shown in Table 12) for other appliances.

p cord is then pulled, without jerking, for 1 s in the most unfavourable direction with the fo
bcified. The test is carried out 25 times.

b cord, unless ofi an automatic cord reel, is then subjected to a torque that is applied

Table 110 — Pull force and torque

15 Appliances provided with a supply cord, and appliances intended to be permanently

ge
the

or

or

'ce

as

Se as possibletoithe appliance. The torque is specified in Table 12 and is applied for 1 min.

Mass of appliance Pull force Torque
kg N Nm
<1 30 0,10
>1 and <4 60 0,25
>4 100 0,35

During the tests, the cord shall not be damaged and shall show no appreciable strain at the
terminals. The pull force is reapplied and the cord shall not be longitudinally displaced by more
than 2 mm.

25.

16 Cord anchorages for type X attachments shall be constructed and located so that:

replacement of the cord is easily possible;
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it is clear how the relief from strain and the prevention of twisting are obtained;

they are suitable for the different types of supply cord that may be connected, unless the

cord is specially prepared;

the cord cannot touch the clamping screws of the cord anchorage if these screws are
accessible, unless they are separated from accessible metal parts by supplementary

insulation;
the cord is not clamped by a metal screw which bears directly on the cord;

at least one part of the cord anchorage is securely fixed to the appliance, unless it is p
of a specially prepared cord. However, this does not apply if:

NOTE 1 If the pressure on the clamping members is applied by means of one or more screws engaging with sepa

nut
par

NO

Co

Th
are
se(
tes

Th

e the cord anchorage comprises one or more clamping members to which pressurg
applied by means of nuts engaging with studs that are securely attached to the appliar
even if the clamping member can be removed from the studs;

of insulating material and shaped so that it is obvious that this surface’is one of
clamping members;

or with a thread in a part that is integral with the appliance, the cord anchorage)is’not considered to have
securely fixed to the appliance.

screws which have to be operated when replacing the cord do-not fix any other compone
However, this does not apply if:

becomes inoperative or is obviously incomplete;

e the parts intended to be fastened by them cannot be removed without the aid of a t
during the replacement of the cord;

if labyrinths can be bypassed, the test of 25,195 is nevertheless withstood;

for class 0 appliances, class 0l appliances and class | appliances, they are of insulat
material or are provided with an insulating lining, unless failure of the insulation of the ¢
does not make accessible metal parts live;

for class Il appliances, they are-of insulating material or, if of metal, they are insulated fr|
accessible metal parts by supplementary insulation.

[E 2 Examples of acceptablesand unacceptable constructions of cord anchorages are shown in Figure 9.

mpliance is checked by inspection and by the test of 25.15 under the following condition:

p tests are carried-out with the lightest permissible type of cord of the smallest cross-sectio
a specified_in. Table 13 and then with the next heavier type cord having the largest cro
tional area.specified. However, if the appliance is fitted with a specially prepared cord,
t is carried*out with this cord.

art

is
ce,

e one of the clamping members is fixed to the appliance or the surface of thie a@ppliance is

the

rate
bne

nt.

o afterremoval of the screws, or if the component is incerrectly repositioned, the appliance

bol

ng
brd

&

nal
SS-
fthe

to |

anchorage are tightened with two-thirds of the torque specified in 28.1.

b conductors are placed in the terminals and any terminal screws tightened just sufficiently
! / ; Iy cf na thei tion. The cl : F if :|;rd

Screws of insulating material bearing directly on the cord are fastened with two-thirds of the
torque specified in column | of Table 14, the length of the slot in the screw head being taken as
the nominal diameter of the screw.

After the test, the conductors shall not have moved by more than 1 mm in the terminals.

25.

17 For type Y attachment and type Z attachment, cord anchorages shall be adequate.

Compliance is checked by the test of 25.15 with the cord supplied with the appliance.
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25.18 Cord anchorages shall be arranged so that they are only accessible with the aid of a tool
or shall be constructed so that the cord can only be fitted with the aid of a tool.

Compliance is checked by inspection.

25.19 For type X attachment, glands shall not be used as cord anchorages in portable
appliances. Tying the cord into a knot or tying the cord with string is not allowed.

Compliance is checked by inspection.

25)20 The conductors of the supply cord for type Y attachment and type Z attachment.shall
belinsulated from accessible metal parts by basic insulation for class 0 appliances, cldss
0l |Jappliances and class | appliances, and by supplementary insulation for ‘clasg Il
appliances. This insulation may be provided by the sheath of the supply cord)or by other
mefans.

Compliance is checked by inspection and by the relevant tests.

25)21 The space for the connection of supply cords having type, X attachment, or for the
comnection of fixed wiring, shall be constructed:

— |so that it is possible to check that the supply conductors are correctly positioned 3nd
connected before fitting any cover;
— |so that any cover can be fitted without risk of damagé_to the conductors or their insulation;
— [for portable appliances, so that the uninsulated end of a conductor, should it become ffee
from the terminal, cannot come into contact with accessible metal parts.

Compliance is checked by inspection after fitting cables or flexible cords having the largest
crgss-sectional area specified in Table 13.

Portable appliances are subjected.to,the following additional test unless they are provided
with pillar terminals and the supply cord is clamped within 30 mm of them. The cord anchorgge
maly be used to provide the clamping.

The clamping screws or nutsvare loosened in turn. A force of 2 N is applied to the conductof in
any direction at a position adjacent to the terminal. The uninsulated end of the conductor shall
nol come into contactwith accessible metal parts.

2522 Appliance.intets shall:

— |be located. or enclosed so that live parts are not accessible during insertion or remova| of
the connector. This requirement is not applicable to appliance inlets complying with
IEGC 60320-1;

— |bevocated so that the connector can be inserted without difficulty;

be located so that, after insertion of the connector, the appliance is not supported by the
connector when it is placed in any position of normal use on a flat surface;

not be an appliance inlet for cold conditions if the temperature rise of external metal parts
of the appliance exceeds 75 K during the test of Clause 11, unless the flexible cord of the
cord set is unlikely to touch such metal parts in normal use.

Compliance is checked by inspection.

25.23 Interconnection cords shall comply with the requirements for the supply cord, except
that:

— the cross-sectional area of the conductors of the interconnection cord is determined on
the basis of the maximum current carried by the conductor during the test of Clause 10 and
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not by the rated current of the appliance. If the measured current in the interconnecti

on

cord is greater than the rated current but does not exceed the rated current by more than
the current deviation in Table 2, the cross-sectional area of the conductors in the
interconnection cord do not need to be greater than the cross-sectional area of the

conductors in the supply cord;

the thickness of the insulation of the conductor may be reduced if the voltage of the

conductor is less than the rated voltage;

for class Ill construction, interconnection cords of a class | appliance or class Il
appliance, the cross-sectional areas of the conductors need not comply with 25.8 if the
temperature of the cord insulation specified in Table 3 and Table 9 are not exceeded during

Compliance is checked by inspection, by measurement and, if necessary, by tests, such'as
electric strength test of 16.3.

25

Co

25
co
en
IE(

Co

26

26
tab
acq

clamping units in accordance with’fEC 60999-1:1999, for the connection of external conductda

Th

conductors as long as they comply with the requirements of this clause.

Th
onl
an
co

Heptingunits shall not incorporate screw-type terminals.

the tests of Clause 11 and Clause 19, respectively.

mpliance is checked by inspection and if necessary by appropriate)tests.

25 The dimensions of pins of appliances that are insertedCinto socket-outlets shall
patible with the dimensions of the relevant socket-outlet) Dimensions of the pins 3
agement face are to be in accordance with the dimensions of the relevant plug listed
L TR 60083.

mpliance is checked by measurement.

Terminals for external conductors

1 Appliances shall be provided with:terminals or equally effective devices, such as m
s of flat quick-connect terminations-in accordance with IEC 61210, screw type terminalg
ordance with IEC 60998-2-1, screwless terminals in accordance with IEC 60998-2-2 3

b terminals of a component,;such as a switch may also be used as terminals for exter

y be accessible-after the removal of a non-detachable cover. However, earthing termin
functional earthing terminals may be accessible if a tool is required to make
nections and*means are provided to clamp the wire independently from its connection.

b terminals, other-than terminals in class Ill appliances that do not contain live parts, sil\all

fhe

24 Interconnection cords shall not be detachable without the aid of a tool’if compliance
with this standard is impaired when they are disconnected.

be
nd

ale
in
nd

nal

als
he

Co

plianr\a is checked h-\,/ inepnr\ﬁnn and. h_\’/ manual test

26.2 Appliances having type X attachment, except those having a specially prepared cord,
and appliances for the connection of cables of fixed wiring shall be provided with terminals in
which the connections are made by means of screws, nuts or similar devices, unless the
connections are soldered.

The screws and nuts shall not be used to fix any other component except that they may also
clamp internal conductors if these are arranged so that they are unlikely to be displaced when

fitti

ng the supply conductors.

If soldered connections are used, the conductor shall be positioned or fixed so that reliance is
not placed upon the soldering alone to maintain it in position. However, soldering alone may be
used if barriers are provided so that neither clearances nor creepage distances between live
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parts and other metal parts can be reduced below the values specified for supplementary
insulation if the conductor becomes free at the soldered joint.

Compliance is checked by inspection and by measurement.

26.3 Terminals for type X attachment and those for the connection of cables of fixed wiring
shall be constructed so that they clamp the conductor between metal surfaces with sufficient
contact pressure but without causing damage to the conductor.

The terminals shall be fixed so that when the clamping means is tightened or loosened:

— |the terminal does not become loose. This does not apply if the terminals are fixed with fwo
screws, or are fixed with one screw in a recess so that there is no appreciable mgvemgnt
or if they are not subject to torsion in normal use and they are locked by a sgli~hardenjng
resin;

— linternal wiring is not subjected to stress;

— |neither clearances nor creepage distances are reduced belowthe’ values specified
in Clause 29.

Compliance is checked by inspection and by the test of Subclause-9.6 of IEC 60999-1:1999,
the torque applied being equal to two-thirds of the torque specified.

After the test, the conductors shall show no deep or sharp indentations.

26/4 Terminals for type X attachment, except type X attachments having a specially
pregpared cord, and terminals for the connection{ofvcables of fixed wiring, shall not reqyire
spegcial preparation of the conductor such as by-soldering of the strands of the conductor, the
usg of cable lugs, eyelets or similar devices. Reshaping of the conductor before its introductjon
intdp the terminal or twisting a stranded cofiductor to consolidate the end is not considefed
special preparation.

The terminals shall be constructed\or placed so that the conductor cannot slip out when
clamping screws or nuts are tightened.

Compliance is checked by ihspection of the terminals and conductors after the test of 26.3.

26J5 Terminals for type X attachment shall be located or shielded so that if a wire of a
strInded conductor,_escapes when the conductors are fitted, there is no risk of accidental
connection to otherparts that could result in a hazard.

Compliance™is checked by inspection and by the following test.

A 8 mm-length of insulation is removed from the end of a flexible conductor having a nominal
crgss-sectional area as specified in Table 11. One wire of the stranded conductor is left free
and the other wires are fully inserted and clamped in the terminal. The free wire is bent, without
tearing the insulation back, in every possible direction but without making sharp bends around
barriers.

There shall be no contact between live parts and accessible metal parts and, for class Il
constructions, between live parts and metal parts separated from accessible metal parts by
supplementary insulation only.

Modification:

This requirement applies to all terminals to which connections are made during installation.
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26.6 Terminals for type X attachment and for the connection of cables of fixed wiring shall
allow the connection of conductors having the nominal cross-sectional areas shown in Table 13.
However, if a specially prepared cord is used, the terminals need only be suitable for the
connection of that cord.

Table 111 — Nominal cross-sectional area of conductors

Rated current of appliance Nominal cross-sectional area
A mm?
Flexible-cords GCable-forfixed-wiring—
<3 0,5 and 0,75 1 to 2,5
>3and <6 0,75 and 1 1 to 2,6
>6and <10 1 and 1,5 1 to('2/5
>10 and < 16 1,5 and 2,5 1,50 to” 4
>16 and <25 2,5 and 4 2,9 to 6
> 25 and = 32 4 and 6 4 to 10
> 32 and <50 6 and 10 6 to 16
> 50 and <63 10 and 16 10 to 25

Compliance is checked by inspection, by measurement and by fitting cables or cords of fhe
smillest and largest cross-sectional areas specified.

26J)7 Terminals for type X attachment, other than those in class Ill appliances that do hot
contain live parts, shall be accessible after remoyal of a cover or part of the enclosure.

Compliance is checked by inspection.

26)8 Terminals for the connection 0f’ fixed wiring, including the earthing terminal, shall|be
locpted close to each other.

Compliance is checked by inspection.

26)9 Terminals of the_pillar type shall be constructed and located so that the end of a
conductor introduced\\into the hole is visible, or can pass beyond the threaded hole fo
distance equal to half'the nominal diameter of the screw but at least 2,5 mm.

O]

Compliance is-checked by inspection and by measurement.

2610 Terminals with screw clamping and screwless terminals shall not be used for the
comnection of the conductors of flat twin tinsel cords unless the ends of the conductors are fitfed
Witll rrealtro bu;tabic fUI usSt vath SCUITW tCIIIIiIIaib.

Compliance is checked by inspection and by applying a pull of 5 N to the connection.

After the test, the connection shall show no damage that could impair compliance with this
standard.

26.11 For appliances having type Y attachment or type Z attachment, soldered, welded,
crimped or similar connections may be used for the connection of external conductors. For
class Il appliances, the conductor shall be positioned or fixed so that reliance is not placed
upon the soldering, crimping or welding alone to maintain the conductor in position. However,
these methods may be used alone if barriers are provided so that clearances and creepage
distances between live parts and other metal parts cannot be reduced below the values
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specified for supplementary insulation, if the conductor becomes free at the soldered or

wel

Thi

ded joint or slips out of the crimped connection.

s requirement also applies to heating units fitted with supply leads.

Compliance is checked by inspection and by measurement.

27

Provision for earthing

27
wit
live

to an earthing terminal within the appliance or to the earthing contact of the appliance inlet.

Ea

Class 0 appliances, class Il appliances and class lll appliances shall have no provision

prg

Sa
vo

Co

considered to provide provision for earthing.

Co

27
acq

Te

1 Accessible metal parts, including metal parts behind a decorative cover that does
nstand the test of 21.1, of class 0l appliances and class | appliances that may beco
in the event of a failure of basic insulation, shall be permanently and reliably cehnec

'thing terminals and earthing contacts shall not be connected to the neutral terminal.

tective earthing.

tage circuits.

mponents provided for the reduction of capacitive currents, and which are earthed, are

mpliance is checked by inspection.

2 The clamping means of earthingcterminals shall be adequately secured agai
idental loosening.

minals for the connection of external equipotential bonding conductors shall allow

hot
me
ted

for

fety extra-low voltage circuits shall not be earthed unless they are protective extra-low

not

nst

the

comnection of conductors having“nominal cross-sectional areas of 2,5 mmZ2 to 6 mm?2 and shall

not
be

be used to provide earthing-continuity between different parts of the appliance. It shall
possible to loosen the conductors without the aid of a tool.

hot

NOTE The terminal for the.earthing conductor in a supply cord is not a terminal for external equipotential bonding
confductors.

Compliance is.checked by inspection and by manual test.

2713 If a\detachable part having an earth connection is plugged into another part of the
appliance; the earth connection shall be made before the current-carrying connections are
established. The current-carrying connections shall be separated before the earth connectjon
whbaremoving-the-part

For appliances with supply cords, the arrangement of the terminals, or the length of the
conductors between the cord anchorage and the terminals, shall be such that the current-
carrying conductors become taut before the earthing conductor if the cord slips out of the cord
anchorage.

Compliance is checked by inspection and by manual test.
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27.4 All parts of the earthing terminal intended for the connection of external conductors shall
be such that there is no risk of corrosion resulting from contact between these parts and the
copper of the earthing conductor or any other metal in contact with these parts.

Parts providing earthing continuity, other than parts of a metal frame or enclosure, shall be of
metal having adequate resistance to corrosion, unless they are parts of copper or copper alloys
containing at least 58 % copper for parts that are processed by cold forming, and at least 50 %
copper for other parts, or unless they are parts of stainless steel containing at least 13 %
chrome. If these parts are of steel, they shall be provided with an electroplated coating having
a thickness of at least 5 um at essential areas such as those liable to transmit a fault current.

Pafts of coated or uncoated steel that are only intended to provide or to transmit-¢ontact
prgssure shall be adequately protected against rusting.

NOTE 1 Examples of parts providing earthing continuity and parts that are only intended to pro¥ide“or to trangmit
confact pressure are shown in Figure 10.

NOTE 2 Parts subjected to a treatment such as chromate conversion coating are in general not considered tq be
adequately protected against corrosion, but they can be used to provide or to transmit contact pressure.

If the body of the earthing terminal is a part of a frame or enclosure-of’aluminium or aluminium
alloy, precautions shall be taken to avoid the risk of corrosion resulting from contact betwegen
copper and aluminium or its alloys.

Compliance is checked by inspection and by measuremeht.

In rase of doubt, the thickness of the coating is_measured as described in ISO 2178 of in
ISO 1463.

27)5 The connection between the earthing, terminal or earthing contact and earthed metal
pafts shall have low resistance.

If the clearances of basic insulation‘in a protective extra-low voltage circuit are based|on
the rated voltage of the appliance, this requirement does not apply to connections providing
eafthing continuity in the protective extra-low voltage circuit.

Compliance is checked by.thé following test.

A dqurrent derived fromra source having a no-load voltage not exceeding 12 V (AC or DC) gnd
equial to 1,5 timeS rated current of the appliance or 25 A, whichever is higher, is passed
belween the eafthing terminal or earthing contact and each of the accessible metal parts in
turh. The testjis*carried out until steady conditions have been established.

The voltage drop between the earthing terminal of the appliance or the earthing contact of the
appliance inlet and the accessible metal part is measured. The resistance calculated from fhe

cumMert—anratA ortage—-G+op x| R61+C€ cedO - Fe—FE a6 EA%; HHE-P 1Y 6416

included in the resistance calculation.

27.6 The printed conductors of printed circuit boards shall not be used to provide earthing
continuity in hand-held appliances. They may be used to provide earthing continuity in other
appliances if at least two tracks are used with independent soldering points and the appliance
complies with 27.5 for each circuit.

Compliance is checked by inspection and by the relevant tests.
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28 Screws and connections

28.1 Fixings, the failure of which may impair compliance with this standard, electrical
connections and connections providing earthing continuity shall withstand the mechanical
stresses occurring in normal use.

Screws used for these purposes shall not be of metal that is soft or liable to creep, such as zinc
or aluminium. If they are of insulating material, they shall have a nominal diameter of at least
3 mm and they shall not be used for any electrical connections or connections providing
earthing continuity.

Screws used for electrical connections or for connections providing earthing continuity-shall
screw into metal.

Screws shall not be of insulating material if their replacement by a metal screw’could impair
supplementary insulation or reinforced insulation. Screws that may be, removed when
refdlacing a supply cord having a type X attachment or when undertaking -user maintenance
shjnll not be of insulating material if their replacement by a metal screw’ could impair bapic
ingulation.

Compliance is checked by inspection and by the following test.

Screws and nuts are tested if they are:
— |used for electrical connections;

— |used for connections providing earthing continuity, unless at least two screws or nuts fre
used;

— |likely to be tightened:
e during user maintenance,
e when replacing a supply cord-having a type X attachment;

e during installation.
The screws or nuts are tightened and loosened without jerking:

— |10 times for screws in‘erigagement with a thread of insulating material;

— |5 times for nuts and>other screws.

Screws in engagement with a thread of insulating material are completely removed gnd
reipserted each_ time.

WHhen testing terminal screws and nuts, a cable or flexible cord of the largest cross-sectiojnal
ardga specified in Table 13 is placed in the terminal. It is repositioned before each tightening.

The test Is carried out by means of a suitable screwdriver, spanner or key and by applying a
torque as shown in Table 14.

Column | is applicable for metal screws without heads if the screw does not protrude from the
hole when tightened.

Column |l is applicable for:

— other metal screws and for nuts;
— screws of insulating material:

e having a hexagonal head with the dimension across flats exceeding the overall thread
diameter;
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e with a cylindrical head and a socket for a key, the socket having a cross-corner

dimension exceeding the overall thread diameter;

e with a head having a slot or cross-slots, the length of which exceeds 1,5 times the

overall thread diameter.

Column Il is applicable for other screws of insulating material.

Table 112 — Torque for testing screws and nuts

Nominal diameter of screw Torque
(outer thread diameter)
mm Nm

1 1 1
<28 0,2 0,4 0,4
>28 and <30 0,25 0,5 0,5
>3,0 and <32 0,3 0,6 0,5
>3,2 and <3,6 0,4 0,8 0,6
>36 and <4,1 0,7 1,2 0,6
>4,1 and <4,7 0,8 18 0,9
>4,7 and <53 0,8 2,0 1,0

> 5,3 - 2,5 1,25

No

28
o)
to

any

Th

Co

28
cla

damage impairing the further use of the fixings_or‘connections shall occur.

2 Electrical connections and connections providing earthing continuity shall be construc
that contact pressure is not transmitted«through non-ceramic insulating material that is lia
shrink or to distort unless there is sufficient resiliency in the metallic parts to compensate
possible shrinkage or distortion of;the insulating material.

s requirement does not apply*te’electrical connections in circuits of appliances for which

30.2.2 is applicable and‘that carry a current not exceeding 0,5 A;

30.2.3 is applicable and that carry a current not exceeding 0,2 A.

mpliance is checked by inspection.

mp the parts together.

Th

ead-cutting (self-tapping) screws and thread rolling screws shall only be used for electr

ted
ble
for

3 Space-threaded (sheet metal) screws shall only be used for electrical connections if they

cal

conneetions if they generate a full form standard machine screw thread. However, thre
cutting (self-tapping) screws shall not be used if they are likely to be operated by the user or

ins

ad-

taller.

Thread-cutting, thread rolling and space-threaded screws may be used in connections providing
earthing continuity provided it is not necessary to disturb the connection:

in normal use;
during user maintenance;
when replacing a supply cord having a type X attachment; or

during installation.

At least two screws shall be used for each connection providing earthing continuity, unless the
screw forms a thread having a length of at least half the diameter of the screw.
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Compliance is checked by inspection.

28.4 Screws and nuts that make a mechanical connection between different parts of the
appliance shall be secured against loosening by means such as spring washers, lock washers
and crown type locks as part of the screw head, if they also make electrical connections or
connections providing earthing continuity. Sealing compound that softens on heating may also
be used to provide security against loosening but only for screw connections not subject to
torsion in normal use.

This requirement does not apply to screws in the earthing circuit if at least two screws are used

for

Riv
se(
ha

the connection or if an alternative earthing circuit is provided.

ets used for electrical connections or for connections providing earthing continuity{shall
ured against loosening if these connections are subject to torsion in normal-use. A ri
ing a non-circular shank or an appropriate notch may be used to secure against loosen

if these connections are subject to torsion in normal use.

NO
Co
29
Ap
ins
be

Co

[E This requirement does not imply that more than one rivet is necessary for providing earthing continuity.

mpliance is checked by inspection and by manual test.

Clearances, creepage distances and solid insulation

subjected.

mpliance is checked by the requirements*and tests of 29.1 to 29.3 that are carried

separately.

Ifc
or
midq

oatings are used on printed circuit hpards to protect the microenvironment (type 1 protecti
to provide basic insulation ~(type 2 protection), normative Annex J applies.
roenvironment is pollution degree 1 under type 1 protection. For type 2 protection,

spacing between the conductors before the protection is applied shall not be less than

va

ies as specified in Table’ 1 of IEC 60664-3:2016. These values apply to functio

ingulation, basic insulation, supplementary insulation as well as reinforced insulation

NO

29
the

1 Clearances shall not be less than the values specified in Table 16, taking into acco
rated impulse voltage for the overvoltage categories of Table 15, unless, for ba

ingulation(and functional insulation, they comply with the impulse voltage test of Clause

Fo

appliances intended for use at altitudes exceeding 2 000 m, the clearances in Table

be
vet

ing

bliances shall be constructed so that the clearances, creepage distances and s¢lid
ulation are adequate to withstand the electrical stresses to which the appliance is liablg to

put

bn)

The

the
the
nal

[E The requirements and tests are based on IEC 60664-1:2007 from which further information can be obtained.

unt
sic
14.

16
7.

shall'be increased ar‘r‘nrding to the altitude carrection factor in Table A 2 of IEC 60664-1-20

If the construction is such that the distances could be affected by any of the following:

distortion;

movement of parts;
assembly of parts;

wear of basic insulation;

wear of functional insulation,

the impulse voltage test is not applicable and the clearances for rated impulse voltages of
1 500 V and above specified in Table 16 are increased by 0,5 mm.
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— when the microenvironment is pollution degree 3; or

— for basic insulation of class 0 appliances and class 0l appliances; or

— to appliances intended for use at altitudes exceeding 2 000 m.

Appliances are in overvoltage category Il.

NOTE 1 Informative Annex K gives information regarding overvoltage categories.

Table 113 — Rated impulse voltage

IEC 60335-2-96:2024 EXV © |IEC 2024

Rated voltage? Rated impulse voltage
\Y \Y
Overvoltage category
1 1 1
<50 330 500 800
> 50 and < 150 800 1500 2 500
1 150 and < 300 1500 2 500 4 000

NQTE The values are based on the assumption that the appliance will (not generate higher overvoltages than
thgse specified. If higher overvoltages are generated, the clearances hayve,to be increased accordingly.

a8 | For multi-phase appliances, the line to neutral or line to earth voltage is used for rated voltage.

Table 114 — Minimum clearances

Rated impulse voltage Minimum clearance 2
\Y mm
330 0,5b ¢d
500 0,50b.¢d
800 0,5b.c.d
1500 0,5¢
2 500 1,5
4 000 3,0
6 000 5,5
8 000 8,0
10 000 11,0

NOTE If the rated impulse voltage is not specified in the table, clearances for
intermediate values of Table 16 can be determined by interpolation.

2 The distances specified apply only to clearances in air.
b The smaller clearances specified in IEC 60664-1:2007 have not been adopted for

practical reasons, such as mass-production tolerances.
¢ This value is increased to 0,8 mm for pollution degree 3.

For tracks of printed circuit boards, this value is reduced to 0,2 mm for pollution
degree 1 and pollution degree 2.

Compliance is checked by inspection and by measurement.

Parts, such as hexagonal nuts that can be tightened to different positions during assembly, and
movable parts are placed in the most unfavourable position.
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A force is applied to bare conductors, other than those of heating elements, and accessible
surfaces to try to reduce clearances when making the measurement. The force is:

— 2 N, for bare conductors;
— 30 N, for accessible surfaces.

The force is applied by means of test probe B of IEC 61032. Apertures are assumed to be
covered by a piece of flat metal.

NOTE 2 The way in which clearances are measured is specified in IEC 60664-1:2007.

NOTE 3 The procedure for assessing clearances is given in informative Annex L.

Modification:

Mclcejular heating units are in overvoltage category Il. Other heating units argein overvoltgge
category Ill.

29111 The clearances of basic insulation shall be sufficient to withstand the overvoltages
likgly to occur during use, taking into account the rated impulse)voltage. The values| of
Table 16, or the impulse voltage test of Clause 14, are applicable;

The clearance at the terminals of tubular sheathed heating eleménts may be reduced to 1,0 ;nm
if the microenvironment is pollution degree 1.

Lag¢quered conductors of windings are considered to-bé bare conductors.
Compliance is checked by measurement.

29)1.2 Clearances of supplementary insulation shall be not less than those specified in
Table 16.

Compliance is checked by measurement.

29)1.3 Clearances of reinforced insulation shall be not less than those specified| in
Table 16, using the next higher step for rated impulse voltage as a reference.

Compliance is checked by measurement. For double insulation, when there is no intermediate
conductive part between the basic insulation and supplementary insulation, clearanges
ard measured between live parts and the accessible surface, and the insulation systenj is
trepted as reinforced insulation as shown in Figure 11.

29)1.4 ~The clearances for functional insulation are the largest values determined from:

— |Table 16 based on the rated impulse voltage;

— Table F.7ain IEC 60664-1:2007 based on the steady-state voltage or recurring peak voltage
expected to occur across it, if the frequency of the steady-state voltage or recurring peak
voltage does not exceed 30 kHz;

— Clause 4 of IEC 60664-4:2005 based on the steady-state voltage or recurring peak voltage
expected to occur across it, if the frequency of the steady-state voltage or recurring peak
voltage exceeds 30 kHz.

If the values of Table 16 are largest, the impulse voltage test of Clause 14 may be applied
instead unless the microenvironment is pollution degree 3 or the construction is such that the
distances could be affected by wear, by distortion, by movement of the parts or during assembly.

However, clearances are not specified if the appliance complies with Clause 19 with the
functional insulation short-circuited.
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Lacquered conductors of windings are considered to be bare conductors. However, clearances
at crossover points are not measured.

The clearance between surfaces of PTC heating elements may be reduced to 1 mm.
Compliance is checked by measurement and by a test if necessary.

29.1.5 For appliances having higher working voltages than rated voltage, for example on
the secondary side of a step-up transformer, or if there is a resonant voltage, the clearances
for basic insulation are the largest values determined from:

— |Table 16 based on the rated impulse voltage;

— |Table F.7ain IEC 60664-1:2007 based on the steady-state voltage or recurring peakvoltgge
expected to occur across it, if the frequency of the steady-state voltage or ré¢urring pgak
voltage does not exceed 30 kHz;

— [Clause 4 of IEC 60664-4:2005 based on the steady-state voltage or recurring peak voltgge
expected to occur across it, if the frequency of the steady-state voltage or recurring pgak
voltage exceeds 30 kHz.

If [the clearances applied for basic insulation are selected from Table F.7a | of
IEC 60664-1:2007 or Clause 4 of IEC 60664-4:2005, then the clearances of supplementary
ingulation shall be not less than those specified for basic insulation.

If [the clearances applied for basic insulation care selected from Table F.7a | of
IEC 60664-1:2007, then the clearances of reinforced insulation shall be dimensioned|as
specified in Table F.7a to withstand 160 % of_the’ withstand voltage required for bapic
ingulation.

then the clearances of reinforced insulation shall be twice the value required for bapic

If’%\e clearances applied for basic insulation;are selected from Clause 4 of IEC 60664-4:2005,
ingulation.

If the secondary winding of a stepsdown transformer is earthed, or if there is an earthed screen
between the primary and secondary windings, clearances of basic insulation on [he
seg¢ondary side shall be not.ess than those specified in Table 16, using the next lower step|for
rated impulse voltage as\aireference.

For circuits supplied™with a voltage lower than rated voltage, for example on the secondary
side of a transformer, clearances of functional insulation are based on the working voltage,
which is used as‘the rated voltage in Table 15.

Compliance-is checked by measurement.

29 2 Appllances shall be constructed SO that creepage dlstances are not Iess than those

NOTE 1 The working voltage for parts connected to the neutral is the same as for parts connected to the line and
this is the working voltage for basic insulation.

Pollution degree 2 applies unless:

— precautions have been taken to protect the insulation, in which case pollution degree 1
applies;

— the insulation is subjected to conductive pollution, in which case pollution degree 3 applies.
NOTE 2 An explanation of pollution degree is given in informative Annex M.

Compliance is checked by measurement.
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NOTE 3 The way in which creepage distances are measured is specified in IEC 60664-1:2007.

Parts such as hexagonal nuts that can be tightened to different positions during assembly, and

mo

vable parts are placed in the most unfavourable position.

A force is applied to bare conductors, other than those of heating elements, and accessible
surfaces to try to reduce creepage distances when making the measurement. The force is:

2 N, for bare conductors;
30 N, for accessible surfaces.

Th

Th
as

Th
1E(
prg
va

NO

In
suj

p force is applied by means of test probe B of IEC 61032.

b relationship between the material group and the comparative tracking index (GIl) valu
given in Subclause 4.8.1.3 of IEC 60664-1:2007, is as follows:

material group I: 600 < CTI;

material group II: 400 < CTI < 600;
material group llla: 175 < CTI < 400;
material group Illb: 100 < CTIl < 175.

of tracking index (PTI) test in accordance with normative Annex N is carried out at the
lies specified, in order to establish the material group.

[E 4 The procedure for assessing creepage distances,is‘\given in informative Annex L.

bplementary insulation is taken as thhe”working voltage across the complete dou

in
in
29
Ta

the
val

Ex

di

ulation and supplementary insulation.

ble 17. However, if the working voltage is periodic and has a frequency that exceeds 30 k

ues shall be used instead if they exceed the values in Table 17.

cept for pollution.degree 1, if the test of Clause 14 has been used to check a particu

claarance, the, cofresponding creepage distance shall not be less than the minim

ension specified for the clearance of Table 16.

pse  CTl values are obtained in accordance with [|EC 60112:2003 including
L 60112:2003/AMD1:2009 using solution A. If the CTI, ralde of the material is unknowr, a

Tl

a double insulation system, the working voltage for both the basic insulation and

ble

ulation system. It is not divided accardihg to thickness and dielectric constants of the basic

2.1 Creepage distances of.basic insulation shall not be less than those specified in

Hz,

creepage distances shall also be determined from Table 2 of IEC 60664-4:2005. Thgse

ar
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Table 115 — Minimum creepage distances for basic insulation

Working voltage

Creepage distance

\ mm
Pollution degree
1 2 3
Material group Material group
| 1 Ila/lllb | 1 a/lllb 2
s o0 0,18 0,6 0,89 1,2 1,9 1,7 1,9
125 0,28 0,75 1,05 1,5 1,9 2,1 2,4
250 0,56 1,25 1,8 2,5 3,2 3,6 4,0
400 1,0 2,0 2,8 4,0 5,0 5,6 6,3
500 1,3 2,5 3,6 5,0 6,3 7.1 8,0
> 630 and < 800 1,8 3,2 4,5 6,3 8,0 9,0 10,0
> 800 and <1000 2,4 4,0 5,6 8,0 10,0 11,0 12,5
> 1000 and <1250 3,2 5,0 7.1 10,0 12;5 14,0 16,0
> 1250 and <1600 4,2 6,3 9,0 12,5 16,0 18,0 20,0
> 1600 and <2000 5,6 8,0 11,0 1670 20,0 22,0 25,0
> 2000 and <2500 7,5 10,0 14,0 20,0 25,0 28,0 32,0
> 2500 and <3200 10,0 12,5 18,0 25,0 32,0 36,0 40,0
>3 200 and <4000 12,5 16,0 22,0 32,0 40,0 45,0 50,0
>4 000 and <5000 16,0 20,0 28,0 40,0 50,0 56,0 63,0
> 5000 and <6 300 20,0 25,0 36,0 50,0 63,0 71,0 80,0
> 6 300 and <8000 25,0 32,0 45,0 63,0 80,0 90,0 100,0
> 8 000 and <10 000 32,0 40,0 56,0 80,0 100,0 110,0 125,0
> 10 000 and <12 500 40,0 50,0 71,0 100,0 125,0 140,0 160,0
NQTE 1 Lacquered conductors of Windings are considered to be bare conductors, but creepage distances [for
bapic insulation in other than a double insulation construction need not be greater than the associated clearance
specified in Table 16 taking intdo account 29.1.1.
NQTE 2 For glass, cerami¢s and other inorganic insulating materials that do not track, creepage distances nged
nof be greater than the/associated clearance.
NQTE 3 Except for Circuits on the secondary side of an isolating transformer, the working voltage is considefed
to pe not less than-the rated voltage of the appliance.
NQTE 4 For_working voltages > 50 V and <630 V, if the voltage is not specified in the table, the values| of
cr¢epage distances can be found by interpolation.
a8 | Material group Illb is allowed if the working voltage does not exceed 50 V.

Compliance is checked by measurement.

29.2.2 Creepage distances of supplementary insulation shall be at least those specified
for basic insulation in Table 17, excluding its NOTE 1 and NOTE 2, or Table 2 of
IEC 60664-4:2005, as applicable.

Compliance is checked by measurement.

29.2.3 Creepage distances of reinforced insulation shall be at least double those specified
for basic insulation in Table 17, excluding its NOTE 1 and NOTE 2, or Table 2 of
IEC 60664-4:2005, as applicable.
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Compliance is checked by measurement.

29.2.4 Creepage distances of functional insulation shall be not less than those specified
in Table 18. However, if the working voltage is periodic and has a frequency that exceeds
30 kHz, the creepage distances shall also be determined from Table 2 of IEC 60664-4:2005.
These values shall be used instead if they exceed the values in Table 18.

The creepage distances may be reduced if the appliance complies with Clause 19 with the
functional insulation short-circuited.

Table 116 — Minimum creepage distances for functional insulation
Working voltage Creepage distance
\ mm
Pollution degree?
1 2 3
Material group Material group
1 ] Ia/lllb 1 1 llla/lib|®
<10 0,08 0,4 0,4 0,4 1,0 1,0 1,0
50 0,16 0,56 0,8 1A 1,4 1,6 1,8
125 0,25 0,71 1,0 1,4 1,8 2,0 2,2
250 0,42 1,0 1,4 2,0 2,5 2,8 3,2
400 ¢ 0,75 1,6 242 3,2 4,0 4,5 5,0
500 1,0 2,0 2,8 4,0 5,0 5,6 6,3
> 630 and < 800 1,8 3,2 4,5 6,3 8,0 9,0 10,0
> 800 and <1000 2,4 4,0 5,6 8,0 10,0 11,0 12,5
> 1000 and <1250 3,2 5,0 7,1 10,0 12,5 14,0 16,0
> 1250 and <1600 4,2 6,3 9,0 12,5 16,0 18,0 20,0
> 1600 and <2000 5,6 8,0 11,0 16,0 20,0 22,0 25,0
> 2000 and <2500 7,5 10,0 14,0 20,0 25,0 28,0 32,0
> 2500 and <.8%200 10,0 12,5 18,0 25,0 32,0 36,0 40,0
>3 200 and <4000 12,5 16,0 22,0 32,0 40,0 45,0 50,0
>4 000 and <5000 16,0 20,0 28,0 40,0 50,0 56,0 63,0
> 5000 and <6 300 20,0 25,0 36,0 50,0 63,0 71,0 80,0
> 6300 and <8000 25,0 32,0 45,0 63,0 80,0 90,0 100,0
>'8,000 and <10 000 32,0 40,0 56,0 80,0 100,0 110,0 125,0
> 10 000 and <12 500 40,0 50,0 71,0 100,0 125,0 140,0 160,0

NOTE 1 For PTC heating elements, the creepage distances over the surface of the PTC material need not be
greater than the associated clearance for working voltages less than 250 V and for pollution degrees 1 and 2.
However, the creepage distances between terminations are those specified in the table.

NOTE 2 For glass, ceramics and other inorganic insulating materials that do not track, creepage distances need
not be greater than the associated clearance.

NOTE 3 For working voltages > 10 V and <630 V, if the voltage is not specified in the table, the values of
creepage distances can be found by interpolation.
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2  For tracks on printed wiring boards under pollution degree 1 and pollution degree 2 conditions, the values
specified in Table F.4 of IEC 60664-1:2007 apply. For voltages less than 100 V, the values shall not be less
than those specified for 100 V.

b Material group IlIb is allowed if the working voltage does not exceed 50 V.

¢ The working voltage between phases for appliances having a rated voltage in the range of 380 V to 415 V is
considered to be 400 V.

Compliance is checked by measurement.

29)3 Supplementary insulation and reinforced insulation shall have adequate thickness,
or have a sufficient number of layers, to withstand the electrical stresses that can be_expecied
duting the use of the appliance.

Compliance is checked:

— |by measurement, in accordance with 29.3.1, or

— |by an electric strength test in accordance with 29.3.2, if the insulation’ consists of more than
one separate layer, other than natural mica or similar flaky matetial, or

— [for insulation, other than single layer internal wiring insulation, by an assessment of the
thermal quality of the material combined with an electric strength test, in accordance with
29.3.3 and for accessible parts of reinforced insulation consisting of a single layer,|by
measurement in accordance with 29.3.4, or

— |by an assessment of the thermal quality of the material according to 29.3.3 combined with
an electric strength test in accordance with 23.6, for each single layer internal winjng
insulation touching each other, or

— |as specified in Subclause 6.3 of IEC 60664-4:2005 for insulation that is subjected to @ny
periodic voltage having a frequency that@xceeds 30 kHz.

Mo(dification:

There are no dimensional requirements for the insulation of heating units or additiopal
electrical insulation.

2913.1 The thickness of the insulation shall be at least:

— |1 mm for supplementary insulation;
— |2 mm for reinforced insulation.
29(3.2 Each’-layer of material shall withstand the electric strength test of 16.3 |for

supplementary insulation. Supplementary insulation shall consist of at least 2 layerg of
majterial-and reinforced insulation of at least 3 layers.

FO' & gt S; a av¥s A LSS pblre-snee a¥a¥- ng
element and each of these layers shall withstand the electric strength test of 16.3 for
reinforced insulation. However, if the layers are inseparable, the combination shall withstand

the electric strength test of 16.3 for reinforced insulation.

29.3.3 The insulation is subjected to the dry heat test Bb of IEC 60068-2-2 for 48 h at a
temperature of 50 K in excess of the maximum temperature rise measured during the test of
Clause 19. At the end of the period, the insulation is subjected to the electric strength test of
16.3 at the conditioning temperature and also after it has cooled down to room temperature.

If the temperature rise of the insulation measured during the tests of Clause 19 does not exceed
the value specified in Table 3, the test of IEC 60068-2-2 is not carried out.
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29.3.4 The thickness of the accessible parts of reinforced insulation consisting of a single
layer shall not be less than those specified in Table 19.

Table 117 — Minimum thickness for accessible parts
of reinforced insulation consisting of a single layer

Rated voltage Minimum thickness of single layers used for accessible parts of reinforced
insulation
v mm
Overvoltage category

1 /] i

<50 0,01 0,04 0,1

50 and <150 0,1 0,3 0,6
150 and <300 0,3 0,6 1,2
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[E The values in Table 19 cover clearances through a possible hole in the/insulation and align
60664-1:2007 Table F.2 for homogenous field conditions. The creepage distancethrough a possible hole is
sidered relevant because it is only stressed when the second electrode (human body) is present.

Resistance to heat and fire

vith
not

1 External parts of non-metallic material, parts of insulating material supporting live parts

uding connections, and parts of thermoplastic material providing supplementary insulat
reinforced insulation shall be sufficiently resistant to heat if their deterioration could cal
appliance to fail to comply with this standard.

s requirement does not apply to:

the insulation or sheath of flexible cords or internal wiring;
those parts of coil formers that de hot support or retain terminals in position;

parts of ceramic material.

mpliance is checked by subjecting the relevant part to the ball pressure test
[ 60695-10-2.

p test is carried out at a temperature of 40 °C + 2 °C plus the maximum temperature 1
ermined during:the test of Clause 11, but it shall be at least:

75 °C #2%C, for external parts;
125°C + 2 °C, for parts supporting live parts.

Ho
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Wever, for parts of thermoplastic material providing supplementary insulation or reinforc

ed

insulation, the test is carried out at a temperature of 25 °C +2 °C plus the maximum
temperature rise determined during the tests of Clause 19, if this is higher. The temperature
rises obtained during the tests of 19.4 and 19.5 are not taken into account provided that the
test is terminated by the operation of a non-self-resetting protective device and it is
necessary to remove a cover or use a tool to reset it.

NOTE The selection and sequence of tests for resistance to heat are shown in Figure O.1 of informative Annex O.

The test is not applicable to flexible sheet heating elements.

The tests of IEC 60884-1:2022, 25.1 and 25.4, are applicable to the flexible parts of connecting
devices.
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30.2 Parts of non-metallic material shall be resistant to ignition and spread of fire.

The requirement does not apply to parts having a mass not exceeding 0,5 g which are
considered insignificant parts, provided the cumulative effect of insignificant parts located within
3 mm of each other is unlikely to propagate flames that originate inside the appliance by
propagating flames from one insignificant part to another.

The requirement also does not apply to decorative trims, knobs and other parts unlikely to be
ignited or to propagate flames that originate inside the appliance.

Compliance is checked by the test of 30.2.1. In addition:

— |for attended appliances, 30.2.2 is applicable;
— |for unattended appliances, 30.2.3 is applicable.

Apbliances for remote operation are considered to be appliances that are .Operated while
unattended and consequently they are subjected to the test of 30.2.3.

Fof parts of the appliance that are connected to the supply mains duaring the charging peripd,
30)2.3 applies.

Fof the base material of printed circuit boards, compliance is ehecked by the test of 30.2.4.

The tests are carried out on parts of non-metallic matefial that have been removed from fhe
appliance. When the glow-wire test is carried out, the parts are placed in the same orientatjon
as [they would be in normal use.

NOTE 1 For parts that have been removed, it is the intention that IEC 60695-2-11:2014, 4.3.c) applies, which states
"remove the part under examination in its entirety andctest it separately”.

These tests are not carried out on the inSulation of wires.

NOTE 2 The selection and sequence of tests for resistance to fire are shown in Figure O.2 to Figure 0.4 of
infofmative Annex O.

Modification:

The requirement is not\applicable to heating units intended for applications in concrete| or
similar materials.

30J2.1 Partss0f non-metallic material are subjected to the glow-wire test | of
IEC 60695,2:41:2014, which is carried out at 550 °C. However, the glow-wire test is not carrjed
oul on parts‘of material classified as having a glow-wire flammability index (GWFI) accordling
to |[EC 60695-2-12 of at least 550 °C.

If the glow-wire flammability index (GWFI] Is notl available for a sample with a thickness within
+ 0,1 mm of the relevant part, then the test sample shall have a thickness equal to the nearest
preferred value specified in IEC 60695-2-12 that is no thicker than the relevant part.

The glow-wire test is also not carried out on parts of material classified at least HB40 according
to IEC 60695-11-10 provided that the test sample used for the classification was no thicker than
the relevant part of the appliance.

Parts for which the glow-wire test cannot be carried out, such as those made of soft or foamy
material, shall meet the requirements specified in ISO 9772 for material classified HBF, the test
sample used for the classification being no thicker than the relevant part of the appliance.
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30.2.2 For appliances that are operated while attended, parts of non-metallic material
supporting current-carrying connections, such as switch contacts and similar contacts in other
components and parts of non-metallic material within a distance of 3 mm of such connections
are subjected to the glow-wire test of IEC 60695-2-11:2014.

The tip of the glow-wire should be applied to the part in the vicinity of the connection.

The test severity is:

750 °C, for connections that carry a current exceeding 0,5 A during normal operation,
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09U “C, TOr other connections.

ere a non-metallic material is within a distance of 3 mm of a current-carrying connection,
shielded from the connection by a different material, the glow-wire, “test
[ 60695-2-11:2014 is carried out at the relevant test severity with the tip of-the glow-w
blied to the interposed shielding material with the shielded material in placecand not dire
he shielded material.

vever, the glow-wire test of IEC 60695-2-11:2014 is not carried out"on parts of mate
ssified as having a glow-wire flammability index (GWFI) accordingto IEC 60695-2-12 o
St:

750 °C, for connections which carry a current exceeding 0,5A during normal operation

650 °C, for other connections.

b glow-wire test of IEC 60695-2-11:2014 is also not«carried out on small parts. These pa

comprise material having a glow-wire flammability index (GWFI) of at least 750 °C,
650 °C as appropriate; or

comply with the needle-flame test (NFT) of normative Annex E; or
comprise material classified as V(-@,0r V-1 according to IEC 60695-11-10 provided that
test sample used for the classification was no thicker than the relevant part of the applian

he glow-wire flammability index (GWFI) is not available for a sample with a thickness wif
,1 mm of the relevant part,-then the test sample shall have a thickness equal to the near
ferred value specified in IEC 60695-2-12 that is no thicker than the relevant part.

p glow-wire test of fEC 60695-2-11:2014 is not applicable to:

hand-held appliances;
appliances that have to be kept switched on by hand or foot;
appliances that are continuously loaded by hand;

parts” supporting welded connections and parts within a distance of 3 mm of the
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connection S5

parts supporting connections in low-power circuits described in 19.11.1 and parts within a

distance of 3 mm of these connections;

soldered connections on printed circuit boards and parts within a distance of 3 mm of these

connections;

connections on small components on printed circuit boards, such as diodes, transistors,

resistors, inductors, integrated circuits and capacitors not directly connected to the sup
mains, and parts within a distance of 3 mm of these connections.

ply

NOTE Some applications of the term "within a distance of 3 mm" are shown in Figure O.5 of informative Annex O.
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30.2.3 Appliances that are operated while unattended are tested as specified in 30.2.3.1 and
30.2.3.2. However, the tests are not applicable to:

— parts supporting welded connections and parts within a distance of 3 mm of these
connections;

parts supporting connections in low-power circuits described in 19.11.1 and parts within a
distance of 3 mm of these connections;

soldered connections on printed circuit boards and parts within a distance of 3 mm of these
connections;

nnnnnn tHiona An omall ~~pan A nnm#
COMMTTCCTTOTTS— U1 Strialt COTITIPUTTCTITS

resistors, inductors, integrated circuits and capacitors not directly connected to the supply
mains, and parts within a distance of 3 mm of these connections.

N ppintas] Ajpaggd it hoarso ahb Adindag frapnaict rs
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NOTE Some applications of the term "within a distance of 3 mm" are shown in Figure O.5 of informative Annex O.

30J2.3.1 Parts of non-metallic material supporting connections, such as switch contacts and
sinmilar contacts in other components, that carry a current exceeding 0:2‘A during normal
operation, and parts of non-metallic material, other than small parts, within a distance of 3 nm
of such connections, are subjected to the glow-wire test of IEC 60695+2-11:2014 with a test
severity of 850 °C.

The tip of the glow-wire should be applied to the part in the vicinity of the connection.

WHhere a non-metallic material is within a distance of 3 mm efa current-carrying connection, put
is | shielded from the connection by a different_ material, the glow-wire test | of
IEQ 60695-2-11:2014 is carried out at the relevant temperature with the tip of the glow-wire
applied to the interposed shielding material with theshielded material in place and not dire¢tly
to the shielded material.

Hopwever, the glow-wire test of IEC 60695-2-1,1:2014 with a test severity of 850 °C is not carrjed
oul on parts of material classified as having-a glow-wire flammability index (GWFI) of at lejast
850 °C according to IEC 60695-2-12.

If the glow-wire flammability index-(GWFI) is not available for a sample with a thickness within
+ 0,7 mm of the relevant part, then the test sample shall have a thickness equal to the nearest
prdferred value specified in IEC 60695-2-12 that is no thicker than the relevant part.

Modification:
This subclause is(not applicable to flexible sheet heating elements.

30J2.3.2 Parts of non-metallic material supporting connections, such as switch contacts and
similar contacts in other components and parts of non-metallic material within a distanceg of
3 mm aof such connections are subjected to the glow-wire test of IEC 60695-2-11:2014.

The tip of the glow-wire should be applied to the part in the vicinity of the connection

The test severity is:

— 750 °C, for connections that carry a current exceeding 0,2 A during normal operation;
— 650 °C, for other connections.

Where a non-metallic material is within a distance of 3 mm of a current-carrying connection, but
is shielded from the connection by a different material, the glow-wire test of
IEC 60695-2-11:2014 is carried out at the relevant test severity with the tip of the glow-wire
applied to the interposed shielding material with the shielded material in place and not directly
to the shielded material.
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However, the glow-wire test with a test severity of 750 °C or 650 °C as appropriate, is not
carried out on parts of material fulfilling both or either of the following classifications:

a glow-wire ignition temperature (GWIT) according to IEC 60695-2-13 of at least;

e 775 °C, for connections that carry a current exceeding 0,2 A during normal operation;

e 675 °C, for other connections.
a glow-wire flammability index (GWFI) according to IEC 60695-2-12 of at least;

e 750 °C, for connections that carry a current exceeding 0,2 A during normal operation;
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ferred value specified in IEC 60695-2-13 that is no thicker than the relevant part,

ferred value specified in IEC 60695-2-12 that is no thicker than thesrel€vant part.

b glow-wire test of IEC 60695-2-11:2014 with a test severity~of 750 °C or 650 °C
bropriate, is also not carried out on small parts. These parts shall:

comprise material having a glow-wire ignition temperatufe (GWIT) of at least 775 °C
675 °C as appropriate; or

comprise material having a glow-wire flammability~index (GWFI) of at least 750 °C or 650
as appropriate; or

comply with the needle-flame test (NFT) of normative Annex E; or

comprise material classified as V-0 or V&1, according to IEC 60695-11-10 provided that
test sample used for the classification'was no thicker than the relevant part of the applian

onsequential needle-flame test (NFET) in accordance with normative Annex E is applieg
n-metallic parts that encroach within the envelope of a vertical cylinder having a diamete
mm and a height of 50 mm, placed above the centre of the connection zone and on tof
non-metallic parts that. are supporting current-carrying connections, and parts of n
tallic material within a distance of 3 mm of such connections if these parts are those:

that withstood the_glow-wire test of IEC 60695-2-11:2014 with a test severity of 750 °C
650 °C as appropriate, but that during the test produce a flame that persists for longer th
2s; or

that comprised material having a glow-wire flammability index (GWFI) of at least 750 °C
650 °C astappropriate; or

small parts, that comprised material having a glow-wire flammability index (GWFI) o

ne glow-wire ignition temperature (GWIT) is not available for a sample with a thicknesswithin
,7 mm of the relevant part, then the test sample shall have a thickness equal to thevheargest

he glow-wire flammability index (GWFI) is not available for a sample with\athickness within
,7 mm of the relevant part, then the test sample shall have a thickness equal to the neargest
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least’750 °C, or 650 °C as appropriate; or

small parts for which a material classification of V-0 or V-1 was applied.

NOTE An example of the placement of the vertical cylinder is shown in Figure 12.

However, the consequential needle-flame test is not carried out on non-metallic parts, including
small parts, within the cylinder that are parts:

having a glow-wire ignition temperature (GWIT) of at least 775 °C, or 675 °C as appropriate;

or

comprising material classified as V-0 or V-1 according to IEC 60695-11-10 provided that the

test sample used for the classification was no thicker than the relevant part of the applian
or

ce,
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shielded by a flame barrier that meets the needle-flame test (NFT) of normative Annex E or
that comprises material classified as V-0 or V-1 according to IEC 60695-11-10 provided that

the test sample used for the classification was no thicker than the relevant part of
appliance.

the

There shall be no battery in the area of the vertical cylinder used for the consequential needle
flame test, unless the battery is shielded by a barrier that meets the needle flame test of
normative Annex E or that comprises material classified as V-0 or V-1 according to
IEC 60695-11-10, provided that the test sample used for the classification was no thicker than
the relevant part of the appliance.
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shall be adequately protected.against rusting.

Un
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32

32

2.4 The base material of printed circuit boards is subjected to the needle-flame test<(N

pwest when the board is positioned as in normal use.

[E The test can be carried out on a printed circuit board on which components are mounted) However, igni

b needle-flame test (NFT) of normative Annex E is not carried out on:

printed circuit boards of low-power circuits described in 19.11.1;
the printed circuit boards in:

e a metal enclosure that confines flames or burning droplets;
e hand-held appliances;

e appliances that have to be kept switched on byhand or foot;
e appliances that are continuously loaded by_hand.

a base material classified as V-0 according-to IEC 60695-11-10 or VTM-0 according
ISO 9773, provided that the test sample used for the classification was no thicker than
printed circuit board.

Resistance to rusting

rous parts, the rusting of which'might cause the appliance to fail to comply with this standg

ess otherwise specified in the relevant part 2, the appliance is deemed to comply with
uirement withouttesting.

Radiation; toxicity and similar hazards

1 Appliances shall not emit harmful radiation or present a toxic or similar hazard due

thelir operation in normal use.

:T)

normative Annex E. The flame is applied to the edge of the board where the heat sink effiect

tion

the

the

to

Unless otherwise specified in the relevant part 2, the appliance is deemed to comply with the
requirement without testing.

32.2 Appliances shall not present an optical radiation hazard due to their operation in normal
use.

This requirement does not apply to lamps and lamp systems that comply with 24.1.10.

Compliance is checked as follows with the appliance supplied at rated voltage.
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Radiation assessment is performed at or recalculated to 200 mm distance or at the fixed use
distance indicated in the instructions for use, following the measurement procedure described
in [IEC 62471:2006.

If a lamp or lamp system is intended to illuminate objects, it shall be assessed at the GLS
assessment distance which produces a luminance of 500 lux as described in IEC 62471:2006.

The appliance shall comply with the exempt group classification requirements
IEC 62471:2006 regarding actinic ultraviolet hazard (Eg) and near-UV hazard (E ).

NO
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Key

of

[E To avoid errors associated with low signal to noise ratio from spectroradiometers, handheld radiometers
Cialized detectors sensitive to either the actinic UV or UV-A region can be used for these measurements.
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circuit of Figure 4 of IEC 60990:20116

1 fccessible part

Figure1 — Circuit diagram for leakage current measurement at operating temperatur
fof single-phase connection of class Il appliances and for parts of class Il constructi

naccessible metal part

basic insulation

upplementaryinsdlation
ouble insulatjon

einforced_insulation

vith
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I o IEC

circuit of Figure 4 of IEC 60990:2016

[E Forclass 0l appliances and class | appliances, C can be replaced by/a low impedance ammeter respon
he rated frequency of the appliance.

igure 2 — Circuit diagram for leakage current measurement at operating temperatur
for single-phase connection of othérjthan class Il appliances
or parts of class Ikconstruction

ng


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 EXV © |IEC 2024 - 139 -

1 \
‘__
2 \
3 —
5 \%
4 c
— |
/ il
1 | ) L
a\f b c
N @
z
PE
L, &
L, fo}
Ly
IEC
Key Connections and supplies
C | circuit of Figure 4 of IEC 60990:2016 L;, Loskss N supply voltage with neutral
1| accessible part PE\protective earth conductor
2 | inaccessible metal part Z |IT system neutral to earth high impedance
3 | basic insulation
4 | supplementary insulation
5 | double insulation
NOTE |If the test laboratory is supplied from a TN or TT distribution system, then Z will be zero. Consequently,
alwgys connecting "C" to theNneutral conductor will ensure reproducibility of the test result regardless of the typp of
distfibution system (TN,/T\or IT) used by the test laboratory and will cover the most onerous condition likely tg be
encpuntered during nermal use of the appliance.
Figure 3 — Circuit diagram for leakage current measurement at operating temperatu:l‘e
for three-phase with neutral class Il appliances and for parts of class Il constructio
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Key Connections and 'supplies
C | circuit of Figure 4 of IEC 60990:2016 L,, L,, Ly NNSupply voltage with neutral
1| accessible part PE protective earth conductor
2 | basic insulation Z \IT"system neutral to earth high impedance

NOTE 1 For class 0l appliances and class’I appliances, C can be replaced by a low impedance ammegter
responding to the rated frequency of the appliance.

NOTE 2 If the test laboratory is supplied from a TN or TT distribution system,< then Z will be zero. Consequently,
alwgys connecting "C" to the neutral.conductor will ensure reproducibility of the test result regardless of the typg of
distfibution system (TN, TT or IT) used by the test laboratory and will cover the most onerous condition likely tq be
encpuntered during normal use of‘the appliance.

Fligure 4 — Circuitdiagram for leakage current measurement at operating temperature
for three-phase(with neutral appliances other than those of class Il or parts of class|I
construction
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IEC IEC

a) Example of a small part b) Example of a small part
O )"

c) Example of a part that is not a small part

IEC

Key
S purface

NOTE The small and large circles in examples A, B and C are 8 mm and 15 mm_iyi"diameter respectively.

Figure 5 — Small part

° IEC

§ a point farthest\from the supply source where the maximum power delivered to external load exceeds 15 W

D

A and B are points closest to the supply source where the maximum power delivered to external load does not excged
15 . These-are low-power points.

Poipts\A and B are separately short-circuited to C.

The fault conditions a) to g) specified in 19.11.2 are applied individually to Z,, Z,, Z;, Z5 and Z,, where applicable.

Figure 6 — Example of an electronic circuit with low-power points
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Dimensions in millimetres
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Key
A insulating material
B spring with a constant suitable for providing a push force as specified in 22.11 on the test finger nail

C loop
Figure 7 — Test finger nail
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Dimensions in millimetres

Key
pxis of oscillation
pscillating frame
counterweight

pample

pdjustable cdrrier plate

hdjustable bracket

@@ M m O O W »

oad

Figure 8 — Flexing test apparatus
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ACCEPTABLE CONSTRUCTIONS

/

IEC IEC

Canstruction showing studs securely attached to the appliance

IEC IEC
Cagnstruction showing part of appliance of insuldting Construction showing one of the clamping membersl|is

material and so shaped that it obviously forms part'of a fixed to the appliance
cord clamp.

NOTE 1 Clamping screws can screw.into threaded holes in the appliance or pass through holes where they gre
sefcured by nuts.

UNACCEPTABLE CONSTRUCTIONS

v 0k 7
>

l//[ %

AN

IEC IEC

Construction showing no part securely fixed to the appliance

NOTE 2 Clamping screws can screw into threaded holes in the appliance or pass through holes where they are
secured by nuts.

Figure 9 — Constructions of cord anchorages
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_q_
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Key
1 part providing earthing continuity

2 part providing or transmitting contact pressure

Figure 10 — An example of parts of an earthing terminal
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I:I Air
Solid insulation

IEC

Key

N

pccessible unearthed metal part
enclosure

pccessible earthed metal part

A WON

naccessible unearthed metal part

Thel live parts L, and L, are separated from:€ach other and partially surrounded by a plastic enclosure containing

apefrtures, partially by air and are in contaet with solid insulation. A piece of inaccessible metal is incorporated ingide
the [construction. There are two metal covers, one of which is earthed.

Type.of insulation Clearance
Basic insulation LA
L,D
L,F
Functional insulation LL,
Supplementary insulation DE
FG
Reinforced insulation L.K
L,J
L,l
L,C

NOTE If the clearances L,D or L,F meet the clearance requirements for reinforced insulation, the clearances
DE or FG of supplementary insulation are not measured.

Figure 11 — Examples of clearances
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connection zone
hon-metallic material
hon-metallic material

hon-metallic material

[E 1 The placement of the cylinder is shown with respect to example 1 in Figure O.5.

[E 2 If C flames for longer than 2s during the glow-wire test, then the cylinder is assumed to be located at
er boundary of C. Consequently parts B and D are subjected to the needle-flame test.

flames for longer than 2 s dufing the glow-wire test, then the cylinder is assumed to be located on top o
sequently, D is subjected to the needle-flame test.

[E 3 In some constructions, D can be another part of the same moulding as B or C. Therefore, if B or C fl

onger than 2 s during the glow-wire test, the material used for B or C that is within the cylinder, represente
5 also subjected\to'the needle-flame test.

Figure 12 — Example of the placement of the cylinder

the

me
by
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+0,1
31,7 0

+0,1

Dimensions in millimetres

254 0

+0,1

571 0

s

| IEC

Figure 13 — Small parts cylinder



https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 EXV © |IEC 2024 - 149 —

/
cmax
PR
= ORC
: '
>0 cmax
PO SN
T - ORV
‘ '
T, T, T, T,
T
cell
IEC
Key
T, T, low temperature range
T, T, standard temperature range
T, T, high temperature range
ORC operating region (current)
lomdx maximum charging current
IR charging current
OR operating region (voltage)
embix upper limit charging voltage
Vv, charging voltage
cel cell surface temperature
Figure 14 = Example of a specified operating region
of a lithium-ion cell during charging
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o a A WON -

50 mm x 200 mm timber frame
cross member

thermal insulation

Wwooden board

heating unit

covering material

N

)
R\

Figure 101 - Arrarqé}r(?ent for testing heating units in timber ceilings
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Key \\\Q
1 thermal insulation \O
2 modular heating unit . c\’{‘

N
3 bkupport frame O
4 Wwooden board § ‘.
5 B0 mm x 200 mm ti rame

@'\ re 102 — Arrangement for testing modular heating units

O
D
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piece of insulation . (\)js‘
. N
pupport for thermal insulatio

thermal insulation § *

50 mm x 200 mm tir frame
heating unit C)

Cross mem Q.
pir gapééQ‘

[ » // // \() \ \

N
4 5 6 @ 8 9
<
D\
oY
wooden board A\
floor \O

Q/C) Figure 103 — Arrangement for testing heating units in timber floors
N
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0,8 m

|

3\)
2 ‘ 4

i RN
N

\
o
o

~N — ]

/] \
4 5 6 8 9 10 1 d
Key
1 wooden board
2 floor
3 piece of insulation
4 support for thermal insulatioh
5 thermal insulation
6 50 mm x 200 mm timber frame
7 heating unit
8 cross member.
9 air gap (if\specified)
10 | plywood
11 | .@ddjtional material (if specified)
12 —additfomatetectricatmsutation (i specified)
13 grid
14 additional layer (if specified)

Figure 104 — Arrangement for testing heating units above timber floors
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. 0,8m -
1
[ 4
2
] -
-« 4
/A A S S S B S S S S S R W . W . . . w .
./ 6
7
8
/
./
./I/Q
IEC
biece of insulation
flooring
concrete

grid (if specified)

pdditional layer (if specified)

pdditional electrical insulation (if specified)
heating unit

thermal insulation

plywood

Figure 105 — Arrangement for testing heating units below concrete
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1
|l 0,8 m
2
I VA v I I I T T T X AN AY I
77 7 1 1 7 I IR "o
/ J ] ] ] ] I W \B( 4
/] I I | Vo N\
\ 5
R
7
o\l\ o
IEC
QJ
o
1 piece of insulation Q/
N
2 floor S\
3 prid Q
4 dditional layer (if specified) QQ
5 [dditional electrical insulation (if specified) \§
6 heating unit QO
7 dditional layer (if specified) \‘9
8 fthermal insulation . ®$
Q\
9 [Foncrete base
| O
Figure 106 — Arranga@e t for testing heating units above concrete floors
A
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0,8 m |

=

Key @
wooden board O

floor @.
piece of'&htion
cove@ aterial

eating unit

anmnl insulation

IEC

ceiling heating unit
cross member

50 mm x 200 mm timber frame

= © 00 N O g H» W N -

0 airgap

Figure 107 — Arrangement for testing heating units in timber floors
and ceilings in combination
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Key

-

o g A~ W N

6 5

/ /

N / /

50 mm x 200 mm timb
Ccross member
thermal insulationo

*
wooden boa ndi

heating L@

~

er. frar,r<1.e)
N

ng approx. 0,2 m from the covering material

IEC

coveri aterial; add covering material even to the side of wall without the flexible sheet heating element

Eir o be left between the covering material and the thermal insulation
i i i i i i terial

Figure 108 — Arrangement for testing heating units in timber walls

No
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IEC

Key

1 wooden board e@g]ding approx. 0,2 m from the covering materials
2 wall coveri terial for heating unit 1
3 | piece o@ lation

4 wa ring material for heating unit 2
5 @ eating unit 1

6 thermal insulation

7 wall heating unit 2

8 cross member

9 50 mm x 200 mm timber frame

10 no air gaps for wall applications

Figure 109 — Arrangement for testing heating units
in both sides of timber wall applications
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5— |, ({/\A
D
s—
o 0,8m <
B N\
/r AN
2 1 IEC
L\
Ke \Z
1 N\
1 piece of insulation $
2 |all covering material A\Q)
3 Foncrete or similar materials \O
4 frid (if specified) . c\}*
5 [dditional electrical insulati@specified)
6 arthed conductive scresn’ 5
7 heating unit O
8 fthermal insulati nC)
9 plywood é
F@ 110 — Arrangement for testing heating units intended to be installed
(/C) in a wall of concrete or similar materials
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The

A

0,8 m

A

biece of insulation

wall covering material

grid (if specified)

parthed conductive screen

pdditional electrical insulation (ifcspecified)
heating unit

pdditional layer (if specified)

thermal insulation

concrete base

framework dsilocated in a vertical position.

Figure 111 — Arrangement for testing heating units
against wall of concrete or similar materials

IEC
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Dimensions in millimetres
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Key

1 |}ig body made from insulating material
2 freference edge

3 heedle guide

Figure 112 — Jig for locating the contact needle



https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

Key

-

© 00 N o O o W DN

- 162 -

IEC 60335-2-96:2024 EXV © |IEC 2024

circuit of Figure 4 of IEC 60990:2016
paline solution

metal foil

floor covering

grid

pdditional layer (if specified)

pdditional electrical insulation (ifsspecified)
heating unit

thermal insulation

plywood base

Figure 113 — Arrangement for measuring capacitive currents
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Annex A
(informative)

Routine tests

A.1 Overview

Routine tests are intended to be carried out by the manufacturer on each appliance to detect a

pricmwm&mMmMﬁmamww
appliance after assembly but the manufacturer may perform the tests at an appropriate._st3

dufing production, provided that later manufacturing processes do not affect the resulis:

Co
tes

Th

mponents are not subjected to these tests if they have been previously subjected to rout
fts during their manufacture.

e manufacturer may use a different routine test procedure provided that the level of safet

equiivalent to that provided by the tests specified in this annex.

Th
ma
de
ina

Th

Th

pse tests are the minimum considered necessary to cover esséntial safety aspects. It is
nufacturer’s responsibility to decide if additional routine tests are necessary. It may
ermined from engineering considerations that some pf‘\the tests are impracticable
ppropriate and therefore need not be carried out.

product fails any of the tests, it is to be retested after rework or adjustment.

.2 Earth continuity test

urrent of at least 10 A, derived from a source having a no-load voltage not exceeding 1
C or DC), is passed between each of-the accessible earthed metal parts and for:

class 0l appliances, and for elass | appliances intended to be permanently connecteq
fixed wiring, the earthing terntinal;

other class I appliances:
o the earthing pin or earthing contact of the plug;

e the earthingpin of the appliance inlet.

p voltage drop. iS"measured and the resistance is calculated and shall not exceed for:

other<appliances, 0,1 Q.

appliances having a supply cord, 0,2 Q, or 0,1 Q plus the resistance of the supply cord;

ete
ge

ne

the
be
or

to

=

p 'duration of the current flow is that required to enable the voltage drop to be measured.

A.3 Electric strength test

The insulation of the appliance is subjected to a voltage of substantially sinusoidal waveform
having a frequency of approximately 50 Hz or 60 Hz for 1 s. The value of the test voltage and
the points of application are shown in Table A.1.
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Table A.1 — Test voltages

Points of application

Test voltage

v

Class 0 appliances, Class 0l appliances, Class | Class lll appliances
appliances and Class Il appliances

Rated voltage

<150V > 150 V
Between live parts and
adcessible metal parts
separated from live parts
by
+ lbasic insulation only 800 1000 400.
* double or reinforced 2 000 2 500 ~
insulation @

This test is not applicable for class 0 appliances.

For class 0l appliances and class | appliances, this test need not be carried,out on parts of class|
construction if the test is considered to be inappropriate.

It n
vo

Ins
of

considered to be a DC voltage.

No
ex(
leal

Th

cufrent exceeds the limit. The\high voltage transformer should be capable of maintaining

sp4

A4

Th
inc

NO
swi

nay be necessary for the appliance to be in operation during’the test to ensure that the f
fage is applied to all relevant insulation, for example, heatinig elements controlled by a re

tead of being subjected to an AC voltage, the insulation may be subjected to a DC volta
1,5 times the value shown in the table. An AC)woltage having a frequency up to 5 H3

breakdown shall occur. Breakdown is assimed to occur when the current in the test cir
eeds 5 mA. However, this limit may be'increased up to 30 mA for appliances with a h
kage current.

b circuit used for the test shotld incorporate a current sensing device that trips when

bcified voltage at the limiting current.

I  Functional test

p correct functioning of an appliance is checked by inspection or by an appropriate test if
prrect conpection or adjustment of components has safety implications.

[E Examples are verification of the correct direction of motor rotation and the appropriate operation of inter
chés.~This does not require testing of thermal controls or protective devices.

est

ge
is

buit
igh

the
the

the

ock
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Annex B
(normative)

Battery-operated appliances, separable batteries and detachable
batteries for battery-operated appliances

The following modifications to this standard are applicable to:

— battery-operated appliances and remote controls employing non-rechargeable batteries
X PN

Th

T
battery-operated appliances and remote controls employing batteries that
rechargeable (secondary batteries);

detachable batteries and separable batteries for battery-operated appliances.

p clause numbers in this Annex refer to the clause numbers in the main part of this stand

are

ard

that are modified or not applicable. Clauses that are additional to the clauses’in the main pgart
of {his standard are identified by adding the Annex letter with the numbefing starting at 1.

NO
con

NO

NO
mef
req

B.3
.

B.3
no
ba

[E 1 This annex does not apply to battery chargers (IEC 60335-2-29) (See Figure B.1 e). When use
unction with the word charger, battery is not a defined term so is not bolded:

[E 2 When supplied in parts, the complete appliance is the detachable_power supply part:
plus the part of the appliance containing the battery and the battery.charging circuitry (Figure B.1 b);

or

with the battery charging circuitry plus the separable battery and the part of the appliance performing
intended function (see Figure B.1 f).

bverview on the different configurations is given in Figure B.1.
[E 3 As the requirements in this annex are based on battery systems that use lithium-ion chemistry, o

lirements or those of the referenced battery)standard.
Terms and definitions

.1 Definitions relating/to physical characteristics

1.1
'mal operation
tery-operated appliances are operated under the following conditions:

for apphlances operated with detachable batteries or separable batteries that

its, intended function with a battery that is fully charged. The battery being the mode
type reference of the battery provided or indicated in the instructions;

i in

with the battery charging circuitry plus the part of the appliance containing the battery (see Figure B.1 ¢ anq d);

the

her

al-ion and newer chemistries can have characteristics and performance not fully contemplated by these

disconnected from the appliance for charging purposes, the appliance is operated to perfqrm

for appliances operated with integral batteries or separable batteries not disconnected

from the appliance for charging purposes, and that cannot perform their intended funct

ion

while the batteries are being charged, the appliance is operated to perform its intended

function with a battery that is fully charged;
for appliances operated with batteries that are replaceable, including integral batter

ies

that are replaceable, or non-rechargeable batteries, the appliance is operated to perform
its intended function with the artificial source described in B.5.3 with the specified upper

limit short circuit current capacity /. (high) as indicated in Table B.1.

Note 1 to entry: Operation of the appliance to perform its intended function is specified in the relevant part 2.
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B.3.6 Definitions relating to parts of an appliance

B.3.6.1
non-rechargeable battery
battery that is supplied in a fully charged state and cannot be recharged thereafter

5 General conditions for the tests

5.2 The tests of subclauses B.19.1 to B.19.6 may be carried out on separate samples.

.1 This subclause is not applicable.
.2 This subclause is not applicable.
.3 This subclause is not applicable.

.4 This subclause is not applicable.

.1 Before starting a test requiring a battery that is fully charged,) the battery shall be fylly
ch rged and then shall be disconnected from the charging sotirce and allowed to rest for at
least 2 h but no more than 6 h.

B.§.2 Whenever a rated voltage is specified, a batterythat is fully charged shall be useg.

For battery-operated appliances, where the supply terminals for the connection of the battery
have no indication of polarity, the more unfavourable polarity shall be applied unless such a
comnection is unlikely to occur due to the construction of the appliance.

B.§.3 Where it is specified in the requirements that the battery provided with or intended|for
theg appliance may be replaced with an-artificial source, that source shall consist of a DC power
supply or a specially constructed-‘battery, the output of each having the characterisiics
described in Table B.1 for the relevant battery type.
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Table B.1 — Artificial source characteristics

Initial open | a
circuit I, 2 (low) sc Minimum capacity
voltage (high)
Battery type v A A Ah ¢
(Informative)
+10 % +0 % +25 % IEC
-259% 0% References ®
Fully- 05x] of | 20x1 _of | 300 % of capacity of
charged . SC . sC batteryprovided
Rechargeable battery battery battery measured at 1 A and
voltage provided provided 0,9 V/cell cut-off
N@n-rechargeable
AAAC 1,5 3 10 0,5 LRO3
Nqn-rechargeable AAY | 1,5 5 15 1,0 LR6
Nqn-rechargeable CY 1,5 5 15 3,0 LR14
Nqn-rechargeable DY 1,5 6 20 10 LR20
N@n-rechargeable
PR3 (9 V) 9,0 0,6 6 0,5 6LR61
. 200 % ofcapacity of
0,5x1__of | 2,0x1__ of .
N@n-rechargeable gg:;ér;al sc © sc © battery provided )
(other) volta g battery battery measured at 1 A and
g provided provided 0,9 V/cell cut-off
NOTE 1 I, limits are specified for those batteries likely to be replaced with others of the same type but|of

differing performance.

NQTE 2 The specified Ah values are based upon nominal 1 A discharge current with a 0,9 V/cell end-pf-
discharge voltage except for PP3 (9 V), which is based upon 0,1 A discharge current with a 0,9 V/cell end-pf-
discharge voltage.

NQTE 3 As used in this table, "provided" means either the battery that is provided with the appliance or, if rot
prpvided, the battery that is intended or specified to be used with the appliance.

@ | The short circuit current is measured-after 1 s = 0,2 s into a resistance of 10 mQ + 2 mQ. Care shall be takpn
to ensure that self-heating of the resistance is managed to minimize the variability on the current during the
tests.

1

b | References are taken from\IEC 60086-1.

¢ | If the measured capacity.is less than 50 % of the capacity specified by the battery manufacturer, calculatipn
of minimum capacity,"shall be based on the capacity specified by the battery manufacturer instead |of
measurement.

The non-rechargeable types specified are for alkaline types only.

6 | Classification

6.1 Battery-operated appliances without a supply connection or a functional earth

connection are not classified with respect to protection against electric shock.

NOTE Potential for electric shock hazard is considered to exist only between parts of opposite polarity with no
reference to earth.

Compliance is checked by inspection and the relevant tests.
7 Marking and instructions

7.1 Battery-operated appliances and remote controls containing batteries shall be marked
with the:
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— name, trade mark or identification mark of the manufacturer or responsible vendor;

— model or type reference;

— IP number according to degree of protection against ingress of water, other than IPX0;

— type reference of the battery if the battery is either not recharged in the appliance or is
non-rechargeable.

Appliances incorporating batteries that are replaceable shall be marked with the battery type
reference, battery voltage and the polarity of the terminals. Polarity marking is not required if
incorrect insertion of the battery by the user is unlikely to occur due to the construction of the
apphanee-

If more than one battery type can be used with the appliance, the appliance shall bé-marked
with the type reference of at least one of the battery types that can be used togethefwith either
thg symbol ISO 7000-0790 (2004-01) or with the substance of the following:

See instruction manual for additional battery types.

If Tpliances use more than one battery, appliances shall be marked to indicate correct polarity
comnection of the batteries.

If relevant, the positive terminal shall be indicated by symbol IE€60417-5005 (2002-10) gnd
thg negative terminal by symbol IEC 60417-5006 (2002-10).

Ex@mples of acceptable marking of an appliance using three batteries are shown in Figure B.2.

Detachable batteries and separable batteries shalivbe marked with the:

— |name, trade mark or identification mark of‘the manufacturer or responsible vendor;

— |model or type reference;

— |IP number according to degree of pretection against ingress of water, other than IPX0.
Detachable batteries and separable batteries that are disconnected from the appliance |for
ch]rging the battery shall be marked with symbol ISO 7000-0790 (2004-01). They shall aflso

be |marked with symbol IEC 60417-6413 (2019-05) and the model or type reference of the
baftery charger or with the-substance of the following:

Use only with <model or type reference> battery charger.

If more than one battery charger can be used to charge a detachable battery and separaple
battery that is disconnected from the appliance for charging, the battery shall be marked with
theg type reference of at least one of the battery chargers that can be used together with either
thg symbol1SO 7000-0790 (2004-01) or with the substance of the following:

See instruction manual for additional battery chargers.

Batteriesthatareuserreptaceabteotherthangeneratpurposebatteriessthattbemarked-with
the:

— name, trade mark or identification mark of the manufacturer or responsible vendor;
— model or type reference;

— nominal voltage.

NOTE Examples of general purpose batteries are AAA, AA, C and D alkaline batteries and some lead-acid
batteries.

Compliance is checked by inspection.
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7.6

7.1
Fo
Ifi
giv

Th

Th

2

)

=

b instructions shall state the substance of the following:

[symbol IEC 60417-5005 plus; positive polarity
(2002-10)]
[symbol IEC 60417-5006 minus; negative polarity
(2002-10)]

= [Ey\m’t\)o"IFIEC 60417-6413 battery charger

D | (20 T9=097]]

Instructions shall be provided with the appliance so that the appliance can be used saf¢ly.

appliances intended for use at altitudes exceeding 2 000 m, the maximum altitude of yse
shall be stated.

is necessary to take precautions during user maintenance, -appropriate details shall|be
en.

This appliance is not intended for use by pefsons (including children) with reduged
physical, sensory or mental capabilities, or {ack of experience and knowledge, unlgss
they have been given supervision or instrliction concerning use of the appliance by a
person responsible for their safety.

Children should be supervised to ensure that they do not play with the appliance.

instructions for appliances incorpatating batteries that are intended to be removed |for

charging or are intended to be replaced;by the user and that can be contained in the small pgrts

cyl

Fo

Th

applicable;

s)

=

nder in Figure 13 shall state the substance of the following:

the '‘battery type;
ot i o el Lof ' los:

WARNING: Keep out of-reach of children. Swallowing can lead to chemical burps,
perforation of soft tissue, and death. Severe burns can occur within 2 h of ingestipn.
Seek medical attention immediately.

appliances intended for use with batteries that use metal-ion chemistries, the instructions
shall state the normal'temperature range for charging the battery.

instructions for battery-operated appliances shall contain the following information,|as

how to deal with leaking batteries.

The instructions for battery-operated appliances shall contain the substance of the following:

do not expose the appliance or battery to excessive temperatures;

be aware of the risk of terminals of the battery-operated appliance or battery being short-
circuited by metal objects.

Instructions for battery-operated appliances containing non-rechargeable batteries shall
state the substance of the following:

This appliance contains non-rechargeable batteries, these batteries are not to be
recharged.
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Instructions for battery-operated appliances containing batteries that are non-user-
replaceable shall state the substance of the following:

This appliance contains batteries that are only replaceable by skilled persons.

Instructions for battery-operated appliances containing batteries that are non-replaceable
shall state the substance of the following:

This appliance contains batteries that are non-replaceable. When the battery is at end
of life, the appliance shall be properly disposed of.

Theinstructions for battery-operated appliances incorporating batteries intended 1o |be
removed for charging or replaced by the user shall include, as applicable, the substance of the
following:

— |rechargeable batteries are to be removed from the appliance before being charged;
— |different types of batteries or new and used batteries are not to be mixed,;

— |exhausted batteries are to be removed from the appliance and safely disposed of;
— |if the appliance is to be stored unused for a long period, the batteries should be removeq;
— |do not use non-rechargeable batteries in place of rechargeablerbatteries;
— |do not use modified or damaged batteries.

The instructions for battery-operated appliances incorparating batteries intended to |be
removed for charging or replaced by the user shall include, as applicable, the followjng
information:

— |the battery type reference;

— |the orientation of the battery with regard to _polarity;

— |the method of replacing batteries including maintaining correct polarity.
The instructions for battery-operated appliances incorporating batteries that are intended to

be removed prior to disposal of the gppliance shall include details regarding their safe remoyval
and disposal.

The instructions for batterysoperated appliances that use detachable batteries and
separable batteries that(ané disconnected from the appliance for charging the battery shall
incTude the model or type reference of the battery charger to be used along with the substance
of fthe following:

WARNING*Use only with <model or type reference> battery charger.

If the symbol\for battery charger is used, its meaning shall be explained.

NOTE , Instructions can be marked on the appliance as long as they are visible in normal use.

The marking to indicate correct polarity connection of the batteries specified for appliances
using more than one general purpose battery (battery not designed or sold for a specific
purpose) shall be in or adjacent to the battery compartment.

The type reference of the battery charger shall be placed next to symbol
IEC 60417-6413 (2019-05).
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8

Protection against access to live parts

This clause is not applicable to the appliance functional part of a battery-operated appliance
and its batteries, providing the battery circuits do not have an earth connection or mains
connection.

NOTE 1 The requirements for parts requiring protection against simultaneous contact are specified in B.22.3
B.22.4.

NOTE 2 The term appliance functional part is illustrated in Figure B.1.

and
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Power input and current
1 This subclause is not applicable.

2 This subclause is not applicable.

Heating

1 Battery-operated appliances, their surroundings, and\batteries shall not attpin

essive temperatures in normal use.

mpliance is checked by determining the temperatureXrise of the various parts under
nditions specified in B.11.1, 11.2, 11.3, 11.7, and 14.8.

4 This subclause is not applicable.
5 This subclause is not applicable.
6 This subclause is not applicable;
1.1 Battery-operated appliances are tested under the conditions of normal operatio

appliances operated~ with detachable batteries or separable batteries that

connected from the appliance for charging purposes, the appliance is operated until it
ger operates due todepletion of the battery. On the completion of the test, the deple
tery is immediately replaced with another battery that is fully charged, the battery be
model or type'\reference of the battery provided or indicated in the instructions. The tes|
eated until<the" appliance no longer operates due to depletion of the battery or until
(perature’rises have stabilized to values not more than 5 K higher than the temperature ri:
asured.at'the same locations during the first test, whichever occurs first.

@ppliances incorporating integral batteries or separable batteries not disconnected fr

the

-~

are
no
fed
ing
t is
the
bes

om

th

appiiarncefor charginmg purposes, and-that carnmot performtheirinterded-furictiomrwiiite

he

batteries are being charged, the appliance is operated continuously until it cannot perform its
intended function due to the depletion of the batteries.

For appliances operated with batteries that are replaceable or non-rechargeable batteries,
the appliance is operated until the minimum capacity of the battery as specified in Table B.1
has been delivered or until steady conditions are established, whichever occurs first.

19

19.
by

Abnormal operation

1 For battery-operated appliances, instead of the tests specified, compliance is checked

the tests of 19.2, 19.4, 19.7, 19.9, 19.11, 19.12, 19.14, 19.15, B.19.1 to B.19.5.
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Detachable batteries and separable batteries are also subjected to the test of B.19.6.
For battery-operated appliances, the tests are carried out under normal operation.

19.2 Appliances with heating elements are tested under the conditions specified in Clause 11
but with restricted heat dissipation.

NOTE Controls that operate during the test of Clause 11 are allowed to operate.

19.7 The battery-operated appliance is switched on and operated under stalled conditions
by:

— |locking the rotor of appliances for which the locked rotor torque is smaller than the full Igad
torque;

— |locking moving parts of other appliances.

If gn appliance has more than one motor, the test is carried out for each motor separately.

The test is conducted at both Isc (high) and I (low), if testing with the artificial source descrihed
in B.5.3.

The test is conducted:

— luntil the test sample achieves a steady condition, including returning to room temperature;
or

— |until at a time period of at least 3 h has elapsed;

19{11 Electronic circuits are checked by, evaluation of the fault conditions specified| in
19]11.2 for all circuits or parts of circuits, unless they comply with the conditions specified in
19(11.1.

NOTE 1 In general, examination of the applidnce and its circuit diagram will reveal the fault conditions which hfave
to He simulated, so that testing can be limited*to those cases that may be expected to give the most unfavourable
resfilts.

Appbliances having a device with an off position obtained by electronic disconnection, of a
device that can place the appliance in a stand-by mode, are subjected to the tests of 19.114.

NOTE 2 For information‘on‘general guidance relating to the sequence of tests for the evaluation of electrgnic
cirdquits, reference is made to informative Annex Q. It is noted that in the parts 2 there may be additional or alternative
abnjormal operation tésts specified; these are not shown in the flow chart. For correct application of this standprd,
the [normative text takes precedence over the guidance given in informative Annex Q.

If the safety~of the appliance under any of the fault conditions depends on the operation df a
minmiature-fuse-link complying with IEC 60127, the test of 19.12 is carried out. The appliagce
sh%// comply with the conditions specified in 19.13.

If a conductor of a printed circuit board becomes open-circuited, the appliance is considered to
have withstood the particular test, provided that the base material of the printed circuit board
withstands the test of normative Annex E.

19.11.2 When any of the fault conditions are simulated, the duration of the test is until steady
conditions are established.

19.11.4 Appliances having a device with an off position obtained by electronic disconnection,
or a device that can be placed in the stand-by mode, are subjected to the tests of 19.11.4.1 and
19.11.4.2. The tests are carried out with the appliance supplied by a battery that is fully
charged, the device being set in the off position or in the stand-by mode.
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Appliances incorporating a protective electronic circuit are subjected to the tests of 19.11.4.1
and 19.11.4.2. The tests are carried out after the protective electronic circuit has operated
during the relevant tests of Clause 19 except 19.2 and 19.11.3.

19.11.4.8 Battery operated appliances are supplied with a battery that is fully charged and
operated under normal operation for approximately 60 s, and then subjected to a 60 s
interruption of the battery current. When the battery current is restored, the appliance shall:

— continue to operate normally from the same operating cycle point reached before the battery
supply was interrupted; or

— |not continue operating without requiring manual intervention to restart from the same
operating cycle point reached before the battery supply was interrupted; or

— |not continue operating without requiring manual intervention to restart from the, part of fhe
cycle selected by the user.

1913 During the tests, the appliance shall not emit flames, molten metal, ‘or’ poisonous| or
ignlitable gas in hazardous amounts and temperature rises shall not exceed\the values shawn
in Table 9. No explosion or ignition of the battery shall occur during or after the test.

1)

Venting of the cells is permitted provided that they have not ventedyby any means other than
thrpugh their vents.

NOTE 1 Gas vented from cells is not considered to be poisonous or ignitable in hazardous amounts.

After the tests, and when the appliance has cooled to approximately room temperature,
compliance with B.22.3 and B.22.5 shall not be impaifed and the appliance shall comply with
20)2 and Clause 29, if it can still be operated.

Table 9 — Maximum abnormal temperature rise

Temperature rise
K

Part

Wpoden supports, walls, ceiling and floorof the test corner and wooden

capinets 2 150

a2 | For motor-operated appliances; these temperature rises are not determined.

Fof appliances which*are immersed in or filled with conducting liquid in normal use, fhe
appliance is immersed in or filled with water for 24 h before the test of B.22.5 is carried out

The appliancé shall not undergo a dangerous malfunction, and there shall be no failurg of
protective electronic circuits if the appliance is still operable.

Appliarices tested with an electronic switch in the off position, or in the stand-by mode, shall:

— not become operational; or

— if they become operational, not result in a dangerous malfunction during or after the tests
of 19.11.4.

NOTE 2 Unintended operation that can impair safety, can result from careless use of appliances, such as:
— storage of small appliances while connected to the supply;
— placing flammable material on working surfaces of heating appliances; or

— placing objects in areas near motorized appliances that are not expected to start.

In an appliance containing lids or doors that are controlled by one or more interlocks, one of
the interlocks may be released provided that both of the following conditions are fulfilled:
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— the lid or door does not move automatically to an open position when the interlock is
released;

— the appliance will not restart after the cycle in which the interlock was released.

19.15 For battery-operated appliances incorporating a manual voltage selector switch
intended to select battery voltage, this switch is set to the lowest voltage position and the
highest voltage is applied.

B.19.1 The supply terminals of a battery-operated appliance having an indication of polarity
are connected to the battery terminals of the opposite polarity, unless such a connection by
the user is unlikely to occur due to the construction of the appliance.

B.19.2 For battery-operated appliances with provision for multiple batteries, one of.more of
the batteries shall be reversed and the appliance shall be operated, if reversal by 'the user of
battery polarity is allowed by the construction.

B.19.3 For battery-operated appliances with motor(s), the terminals of each motor are sHort
cir¢uited one at a time, where the resistance of the short-circuit does, not exceed 10 mQ gnd
with the appliance operating under the conditions of Clause 11. The'test is conducted upntil
stelady conditions are achieved, including returning to room température or until a time pefiod
of @t least 3 h has elapsed.

B.19.4 Appliances incorporating batteries that use metal-iofixchemistries are tested as follgws.

The test is conducted with all the cells of the battery fully charged and, for batterfes
conmsisting of more than one cell, one cell fullyydischarged on a detachable battery| or
separable battery connected to the appliance. or on an appliance containing an integral
battery.

The main discharge connections of the battery are shorted with a resistance not to excged
10|mQ. The test is conducted until a-non-self-resetting protection device operates or|an
intentionally weak part becomes permanently open-circuited or until the test sample retufns
to room temperature.

NOTE The main discharge connections for separable batteries or detachable batteries are the battery terminfals.
For|an integral battery, this is the,output connection closest to the cells including their control circuitry.

B.19.5 The battery-operated appliance and any cords except supply cords, as appropriate,
arg tested with the bBattery connected, under the following fault conditions applied one at a time:

— |any cord provided between the battery-operated appliance and a separable battery shall
be short-Circuited at the point along its length likely to produce the most adverse effects|

— |for appliances having batteries that are replaceable and that can be removed without the
aid(of*a tool, and having terminals that can be short-circuited by a thin straight bar, fhe
términals of the battery are short-circuited;

— charging terminals of the battery-operated appliance that are simultaneously accessible
with the test probe 13 of IEC 61032 are short circuited so as to produce the most
unfavourable result.

The battery-operated appliance is switched on and no additional mechanical load is applied.
The tests are conducted until the test sample achieves a steady condition, including returning
to room temperature or, until a time period of at least 3 h has elapsed. The resistance of the
short circuit shall not exceed 10 mQ.

B.19.6 Detachable batteries and separable batteries are tested under the following fault
condition.
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Combinations of detachable battery terminals and separable battery terminals simultaneously
accessible by applying the test probe 13 of IEC 61032 are short circuited so as to produce the
most unfavourable result. The resistance of the short circuit shall not exceed 10 mQ.

20 Stability and mechanical hazards

B.20.1 The enclosure of a battery-operated appliance incorporating an integral battery that
uses metal-ion chemistry shall withstand the pressure generated when a cell vents during
failure.

Compliance is checked by inspection after the tests of Clause 19 for batteries with a capagity
lesls than 0,2 Ah, and measurement in the case of a) or by the test of b).

a) | The total area of the unobstructed openings in the enclosure allowing gasses'to pass shall
be not less than the value specified in Table B.2; or

b) |a volume of air of the amount specified in Table B.3 shall be injected through a
(2,85 £ 0,05) mm diameter orifice into the enclosure at an initial" overpressure| of
2 070 kPa + 10 %. Test fittings used for the test shall not increase ¢he enclosure volume| by
more than 3 ml. The overpressure within the enclosure shall drop ‘below 70 kPa within 30 s
without any unintended rupturing damage to the enclosure

Table B.2 — Total area of openings for metal-ion cells

Capacity of the single metal-ion cell Min=total area of openings
with the highest capacity
Ah mm?
0,2<Ah<5 20
5<Ah <25 30
25<Ah <100 50
Ah 2100 100

Table B:3-— Volume of air injected at 2 070 kPa

Capacity of the’single metal-ion cell Volume of air (£10 %)
with.the highest capacity
Ah ml
0,2<Ah<5 20
5<Ah <25 30
25<Ah <100 50
Ah 2 100 100

B.20.2 The enclosure of detachable batteries and separable batteries that use metal-ion
chemistries shall withstand the pressure generated when a cell vents during failure.

Compliance is checked by inspection after the tests of Clause 19 for batteries with a capacity
less than 0,2 Ah, and measurement in the case of a) or by the test of b).

a) The total area of the unobstructed openings in the enclosure allowing gasses to pass shall
be not less than the value specified in Table B.2; or
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b) a volume of air of the amount specified in Table B.3 shall be injected through a
(2,85 £ 0,05) mm diameter orifice into the enclosure at an initial overpressure of
2 070 kPa £ 10 %. Test fittings used for the test shall not increase the enclosure volume by
more than 3 ml. The overpressure within the enclosure shall drop below 70 kPa within 30 s
without any unintended rupturing damage to the enclosure.

21 Mechanical strength

21.1 Battery-operated appliances shall have adequate mechanical strength and shall be
constructed to withstand such rough handling that may be expected in normal use.

Compliance is checked as follows.

The appliance fitted with fully charged batteries and rigidly supported is subject fo test Ehb
of |[EC 60068-2-75. Three blows, each having an impact energy of 0,5 J, are applied to every
point of the appliance enclosure that is likely to be weak.

If necessary, the blows are also applied to handles, levers, knobs and similar parts and to sighal
lamps and their covers but only if the lamps or covers protrude from theyenclosure by more than
10’],mm or if their surface area exceeds 4 cm?. Lamps within the appliance and their covers are
only tested if they are likely to be damaged in normal use.

WHhen applying the release cone to the guard of a visibly glowing heating element, fhe
hammer head passing through the guard shall not strike the heating element.

If there is doubt as to whether a defect has a@ccurred by the application of test Ehb| of
IECQ 60068-2-75, this defect is neglected and the.group of three blows is applied to the same
plaice on a new sample which shall then withstand the test.

Hapd-held battery-operated appliances ‘shall also be subjected to test free-fall — procedpre
1, of IEC 60068-2-31. They shall be .dropped three times from a height of 1 m onto a concrgte
sufface. The sample shall be positioned to vary the point of impact. Batteries shall be fylly
charged prior to the test. Hand<held battery-operated appliances employing detachabple
batteries are tested with and without the detachable battery.

Following the above tests,~the appliance shall not catch fire, leak fluid that is visible from fhe
outside of the appliance. enclosure or explode and shall meet the requirements of Clause PO,
Claguse 29, B.22.3(gnd B.22.5 where short circuit of functional insulation will impgair
compliance with this standard.

Damage to,théfinish, small dents that do not reduce clearances or creepage distances bejow
thg valuesspecified in Clause 29, and small chips that do not adversely affect protection against
acgess( to- parts requiring protection against simultaneous contact according to B.22.3 are
ignjored.

If a decorative cover is protected by an inner cover, fracture of the decorative cover is ignored
if the inner cover itself withstands the test.

Cracks not visible to the naked eye and surface cracks in fibre-reinforced mouldings and similar
materials are ignored.

B.21.1 Separable batteries and detachable batteries, when not connected to the appliance,
shall have adequate mechanical strength and shall be constructed to withstand such rough
handling that may be expected in normal use.

Compliance is checked as follows.
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The fully charged battery, rigidly supported is subject to test Ehb of IEC 60068-2-75. Three
blows, each having an impact energy of 0,5 J, are applied to every point of the battery
enclosure that is likely to be weak.

If there is doubt as to whether a defect has occurred by the application of test Ehb of
IEC 60068-2-75, this defect is neglected and the group of three blows is applied to the same
place on a new sample which shall then withstand the test.

Detachable batteries and separable batteries shall also be subjected to the test free-fall —
procedure 1, of IEC 60068-2-31. They shall be dropped three times from a height of 1 m onto
a goncrete surface. The battery shall be positioned to vary the point of impact. Batteries shall
be|fully charged prior to the test.

After the tests, visual inspection shall show there is no damage to the battery and,the battery
shall not catch fire, leak fluid that is visible from the outside of the battery enclosure or explade
and shall meet the requirements of Clause 20, Clause 29, B.22.4 and B.22.5 whete short cir¢uit
of functional insulation will impair compliance with this standard.

Damage to the finish, small dents that do not reduce clearances or creepage distances below
thg values specified in Clause 29, and small chips that do not adversely affect protection agaipnst
acgess to parts requiring protection against simultaneous contaet according to B.22.4 are
ignored.

If 4 decorative cover is protected by an inner cover, fracture of the decorative cover is ignofed
if the inner cover itself withstands the test.

Cracks not visible to the naked eye and surface cracks in fibre-reinforced mouldings and simjlar
malterials are ignored.

Fof batteries that use metal-ion chemistry.

— |the open circuit voltage of the battery 24 h after the tests shall not be less than 90 % of fthe
voltage measured immediately.prior to the tests;

— |cells shall not have vented by any means other than through their vents.

22| Construction

2211 Non-detachable parts that protect against electric shock, moisture or contact with
molyving parts shallkbe fixed in a reliable manner and withstand the mechanical stress occurrjng
dufing normalfuse. Snap-in devices used for fixing such parts shall have an obvious locked
position. Thedixing properties of snap-in devices used in parts that are likely to be remoyed
dutling installation or servicing shall be reliable.

22)20</Direct contact between current carrying parts and thermal insulation that would impair
compliance with this standard shall be eiffeclively prevenied unless such maierial 1S non-
corrosive, non-hygroscopic and non-combustible.

The requirement is not applicable to glass-wool thermal insulation.

NOTE Non-impregnated slag-wool is an example of corrosive thermal insulation.

22.24 This requirement does not apply to battery-operated appliances that do not contain
parts requiring protection against simultaneous contact according to B.22.3.

22.25 This requirement does not apply to battery-operated appliances that do not contain
parts requiring protection against simultaneous contact according to B.22.3.
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26 This subclause is not applicable.
27 This subclause is not applicable.
28 This subclause is not applicable.
29 This subclause is not applicable.

30 This subclause is not applicable.

22
22
22
ligy
ca
in
wo
22
22
22
22

B.2

conmnections) shall not employ appliance couplers according to IEC 60320 (all parts)

IE(

Us

31 This subclause is not applicable.

32 This subclause is not applicable.

ids that are in contact with accessible metal parts shall not be in direct‘contact with curr|

ulation only or with other current carrying parts such that compliancéewith B.22.3 and B.2
ld be impaired.

34 This subclause is not applicable.
35 This subclause is not applicable.
36 This subclause is not applicable.

37 This subclause is not applicable.

[, 60309-2.

br accessible interfaces between elements of a battery system (not mains connectio

33 Conductive liquids that are or may become accessible in normal usg and conductive

ent

rying parts or unearthed metal parts that are separated from current carrying parts by basic

P.4

2.1 User accessible interfaces between elements of a battery system (not malins

or

ns)

shall not employ connectors.of the following types unless the battery system is adequately

prg

Co

against use-of an incorrect supply, by the following test.

Th

tected against the use of an incorrect supply:

barrel connectors'with outside diameters of 6,5 mm or less;

concentric connectors with a diameter of 3,5 mm or less according to IEC 60603-11.

mpliance-[s.Checked by inspection, measurement and for determining adequacy of protect

jon

bymating connector shall be supplied by a:

5 V AC voltage that is increased in 5 V increments to 30 V for 5 min at each increment; and

then;

10 V DC voltage with less than 10 % ripple in 10 V increments to 60 V for 5 min at each

increment.

The source shall be selected such that its current capability does not limit the charging of the
battery.

During the application of incremental voltages, the appliance shall either be capable of
operating normally or, if not, the appliance shall not emit flames, molten metal, or poisonous or
ignitable gas in hazardous amounts and temperature rises shall not exceed the values shown
in Table 9. No explosion or ignition of the battery shall occur during or after the test. Venting
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of the cells is permitted provided that they have not vented by any means other than through
their vents.

B.22.2 The external surfaces of detachable batteries and separable batteries shall be
protected against excessive heat from heat sources (directly or via heated discharge air) that
would be present during operation of the appliance.

Compliance is checked by inspection during the test of Clause 11.

Bfuwmwm&mmww is
adequate protection against simultaneous contact with two or more conductive parts where\the:

— |voltage between them exceeds 42,4 V; and

— |current between the conductive parts exceeds 2 mA for DC or 0,7 mA peak for)when ripple
exceeds 10 %.

Compliance is checked by inspection and the following test.

Test probe B and test probe 18 of IEC 61032 are applied with a force-not exceeding 1 N, fhe
appliance being in every possible position except that appliances.mormally used on the flpor
andl having a mass exceeding 40 kg are not tilted. The test probeyis applied through openings
to any depth that the probe will permit and is rotated or angled(before, during and after insertjon
to any position. If the opening does not allow the entry of thé probe, the force on the probég in
thg straight position is increased to 20 N when probe B is:used or 10 N when probe 18 is usgd.
If the probe then enters the opening, the test is repeated-with the probe in the angled positipn.

During the tests with test probe B, all detachablé parts are removed except lamps locafed
behind a detachable cover are not removed, However, during insertion or removal of lamps
which are located behind a detachable coyer, protection against simultaneous contact with
pafts having a voltage between them exceéding 42,4 V shall be ensured.

During the tests with test probe 18, the appliance shall be fully assembled as in normal dse
without any parts removed.

However, test probe 18 is not.applied to appliances for commercial use unless they are intended
to be installed in an area open to the public.

It shall not be possibfeto touch two or more conductive parts of opposite polarity with the probes
if the voltage betwegh them exceeds 42,4 V and the current between them exceeds 2 mA |for
DQ or 0,7 mA peak for when ripple exceeds 10 %.

The current.is measured using the circuit in Figure 4 of IEC 60990:2016.

B.22:4 Separable batteries and detachable batteries shall be so constructed and enclosed
th L thcu: ;b adcquatc plutcutiun dydillbt Dilllu:tdllCUub bUIItdbt vvith tVVU Ul 1T11UT¢T bUIIdubliVe
parts where the:

— voltage between them exceeds 42,4 V; and
— current between the conductive parts exceeds 2 mA.

Compliance is checked by inspection and the following test.

Test probe B and test probe 18 of IEC 61032 are applied with a force not exceeding 1 N, the
battery being in every possible position except that batteries having a mass exceeding 40 kg
are not tilted. The test probe is applied through openings to any depth that the probe will permit
and is rotated or angled before, during and after insertion to any position. If the opening does
not allow the entry of the probe, the force on the probe in the straight position is increased to
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20 N. If the probe then enters the opening, the test is repeated with the probe in the angled
position.

During the tests with:

test probe B, all detachable parts are removed;
test probe 18, no parts are removed.

However, test probe 18 is not applied to batteries for appliances for commercial use unless
they are intended to be installed in an area open to the public.

It s
if t

Th

B.2

hall not be possible to touch two or more conductive parts of opposite polarity with the pI’OJ)eS

ne voltage between them exceeds 42,4 V and the current between them exceeds 2<mA.
P current is measured using the circuit in Figure 4 of IEC 60990:2016.

2.5 |Insulating materials providing protection against simultaneous contact with two or m

conductive parts shall be adequate when:

Co

Th
70

opf

NO

Du

they are within 1,0 mm of the conductive parts;
the voltage between the conductive parts exceeds 42,4 V peak; and

the current between the conductive parts exceeds 2 mA-for DC or 0,7 mA peak for wh
ripple exceeds 10 %.

mpliance is checked by inspection, measurement-and the following test.

b insulating material is subjected for 60 s to>750 V or 1,2 times the working voltage p
) V, whichever is greater, in accordance wijth IEC 61180. The test voltage is applied
posing sides of the insulating material.

[E This does not exclude the testing of the material as situated within the appliance.

ring the test care shall be takento avoid overstressing parts not needed to provide protect

against simultaneous contact with’two or more conductive parts.

Th

betl
Vo
trig

No

Glq

b high-voltage source used for the test is to be capable of supplying a short circuit curren

ween the output terminals after the output voltage has been adjusted to the appropriate
fage. The overlogad-release of the circuit is not to be operated by any current below
ping current | .{ The values of I and I, are 200 mA and 100 mA, respectively.

breakdownh shall occur during the test.

wdischarges without a drop in voltage are neglected.

pre

en

lus
on

jon

tlg
est
fhe

The current is measured using the circuit in Figure 4 of IEC 60990:2016.

B.22.6 Vents of cells shall not be obstructed in such a way as to defeat their operation if
venting is relied upon for compliance with this standard.

Compliance is checked by inspection and by the tests of this standard.

23

23.

Internal wiring

3 Instead of the electric strength test of 16.3, battery-operated appliances shall com

with B.22.3.

ply
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23.5 For battery-operated appliances compliance is checked by the test of B.22.5.

24 Components

24.1 Batteries are not required to comply with [EC 62133-1:2017 or IEC 62133-2:2017. They
are tested as part of the appliance according to this standard.

24.1.1 This subclause is not applicable.

2411.3 Switches in battery-operated appliances shall have adequate breaking capacity, and
shall withstand, without excessive wear or other harmful effect, the mechanical, electrical,"and
thermal stresses occurring in the battery-operated appliance.

The relevant standard for switches is IEC 61058-1-1:2016 for mechanicah \switches and
IEC 61058-1-2:2016 for electronic switches. The number of cycles declaréd for 7.4| of
IEC 61058-1:2016 shall be at least 10 000 under the load conditions enhcountered in the
appliance, this being the declared specific load according to 7.2.5 of IEC|61058-1:2016. If the
swijtch makes and breaks a locked rotor current, the number of cycles declared for 7.4.9 of
IEC 61058-1:2016 shall be at least 50 under the load conditions enceuntered in the applianice,
thig being the declared specific load according to 7.2.5 of IEC 61058-1:2016.

The declared number of operating cycles is only applicable for switches required for compliance
with this standard.

Unless switches have been previously tested to and.found to comply with IEC 61058-1-1:2016
or |IEC 61058-1-2:2016 for the number of cycles. declared, compliance is checked by fhe
following tests conducted on separate samples;

— |50 cycles of making and breaking the~locked motor current, if any, encountered in the
battery-operated appliance incorporating a battery that is fully charged. Each "on" perjod
having a duration of not more than>0,5 s and each "off" period having a duration of at least
10 s;

— |10 000 cycles of making and’ breaking the current encountered in a battery-operated
appliance incorporating acbattery that is fully charged with no additional mechanical logd.
The switch is actuatedratva uniform rate of 30 cycles per minute.

The switch shall complete the required cycles of operation and shall have no electricall or
mechanical failure. Atythe end of the tests:
— |the switch contacts shall operate properly in the "on" and "off" positions;

— |the temperature rise of the switch terminals shall not have increased by more than 30 K
above'the temperature rise measured in Clause 11.

B.24<¥ "The relevant standards for non-acid based electrolyte cells employed in batteries are

IEC-62133-1:-2017 for nickel systems-and IEC 62133-2:2017 for lithium-systems——— |

NOTE The requirement for cells does not extend to the battery itself.

A battery that uses metal-ion chemistry shall additionally be subjected to the tests of
Subclauses 7.3.8.1 (vibration) and 7.3.8.2 (mechanical shock) of IEC 62133-2:2017.

25 Supply connection and external flexible cords
25.9 Therequirement also applies to interconnection cords of battery-operated appliances.

25.14 The requirement also applies to interconnection cords of battery-operated
appliances.
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25.15 The requirement also applies to interconnection cords of battery-operated
appliances.

B.25.1 Insulated conductors of interconnection cords of battery-operated appliances shall
comply with the requirements for internal wiring and shall be provided with at least 0,5 mm thick
outer sheath made of insulating material equivalent to that of supply cords described in 25.7.

Compliance is checked by inspection and by test.

26 Terminals for external conductors

B.26.1 Terminal devices in an appliance for the connection of the flexible leads or flexible cprd
comnecting a separable battery shall be so located or shielded that there is no risk of incorrect
comnection.

Compliance is checked by inspection.

27| Provision for earthing

2711 The battery-operated appliance shall have no provision for a protective earth but may
incprporate a functional earth.

29| Clearances, creepage distances and solid-iasulation

29/1 Clearances shall not be less than the values specified in Table 16, taking into accopnt
thg rated impulse voltage. For battery-operated appliances, the rated impulse voltage shall
be [500 V for working voltages less than-50 V and 1 500 V for all other working voltagps.
Hopever, if the construction, including between parts of opposite polarity for connecting the
battery, is such that the distances couldibe affected by wear, by distortion, by movement of the
pafts or during assembly, the clearances for rated impulse voltages of 1 500 V are increased
by [0,5 mm and the impulse voltage)test is not applicable.

NOTE The procedure for assessing-clearances is given in informative Annex L.

B.29.1.1 For parts requiring protection against simultaneous contact according to B.22.3 gnd
B.42.4, the sum total~of the clearances between each of these parts and their neargst
acgessible surface-shall not be less than two times the Table 16 clearance taking into accopnt
the rated impulse voltage. For the purpose of this determination, at least one of the
clearances shall be not less than 1,0 mm.

Compliance is checked by measurement.

NOTEN The procedure for assessing clearances is given in Clause L.3.

B.29.2.1 For parts requiring protection against simultaneous contact according to B.22.3 and
B.22.4, the sum total of the creepage distances between each of these parts and their nearest
accessible surface shall not be less than two times the Table 17 creepage distances. For the
purpose of this determination, at least one of the creepage distances shall be not less than
1,0 mm.

Compliance is checked by measurement.

NOTE The procedure for assessing creepage distances is given in Clause L.2.
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30 Resistance to heat and fire

30.1 External parts of non-metallic material, the deterioration of which might cause the
battery-operated appliance, separable battery or detachable battery to fail to comply with
this annex, shall be sufficiently resistant to heat.

a) Complete appliance:
Tested to main part of standard while operated or
CA charged by mains or renewable energy source
yd (otherwise not applicable)
(cc)
S Tested to normative Annex B when operated- pn
battery power
IEC
b Detachable power supply part:
Tested to main part of standafd\with and without the
CA appliance connected
Complete appliance:
A
i Tested to main partof standard while operated by |or
@ charged by mains or renewable energy source
S — PS {.e.c.n.n
Appliance‘functional part:
Tested to normative Annex B when operated pn
'EC pattefty power
c)
Detachable power supply part:
CA
Tested to main part of standard with and without the
appliance connected
A Complete appliance:
s ——{pPs @ ..... Tested to main part of standard while operated by |or
charged by mains or renewable energy source
¢ Appliance functional part:
Tested to normative Annex B when operated pn
battery power
d
Detachable power supply part:
CA
Tested to main part of standard with and without the
appliance connected
@ ‘/"\ Complete appliance:
S —— PS @ ..... Tested to main part of standard while operated by or
charged by mains or renewable energy source

Appliance functional part:
IEC

Tested to normative Annex B when operated on
battery power

Figure B.1 — Examples of battery-operated appliance constructions
and application of normative Annex B (7 of 2)
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Battery charger:

Tested to IEC 60335-2-29
Detachable battery:

Tested to normative Annex B

Complete appliance:

IEC 60335-2-96:2024 EXV © |IEC 2024

f)

CA

[0))

75 G | {[ec]e)

Kgy

CA

complete appliance
appliance functional paft
battery

supply

detachable‘battery

IEC

Tested—to Tnormative Anmex B when operdied
battery power with detachable battery attached

Detachable power supply part:

Tested to main part of standard with and without t
battery connected

Separable battery(
Tested to normative Annex B
Complete appliance:

Tested to main part of standard while operated

pn

he

by

mains or renewable energy source while the battery

is'being charged:
Appliance functional part:
Tested to normative Annex B when operated

battery power with separable battery attached Q
detached from detachable power supply part:

CC charge circuitry

PS detachable power supply part
BC battery charger

..... detachable connection

—--- non-detachable connection

Figure B.1 (2 of 2)

bn
ut
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IEC

—_____Figure B.2 — Examples of cofrect polarity connection marking

representing three batteries



https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

- 186 — IEC 60335-2-96:2024 EXV © |IEC 2024

Annex C
(normative)

Ageing test on motors

This annex is applicable when there is doubt with regard to the temperature classification of the

ins

Th

Th

ulation of a motor winding, for example:

if the temperature rise of the motor winding exceeds the values specified in Table 3;

whnen well-known msulating materials are usea in an unconventional way,

when combinations of materials of different temperature classes are used at a temperat
higher than that allowed for the lowest class;

motors having integral core insulation.

s test is carried out on six samples of the motor.

when materials are used for which sufficient experience is not available, for]instancqg in

b rotor of each motor is locked and a current is passed individuallythrough the rotor windjng

andl the stator winding, this current being such that the temperature_of the relevant winding is

eq
25

Th
wh
ins
50

hal to the maximum temperature rise measured during the testof Clause 11, increased

Table C.1 — Test conditions

Temperature increase Total time
K h
0+3 pa
10 + 3 0,5p
20 +3 0,25p
30 #38 0,125 p

NOTE . The temperature increase chosen is selected by
the manufacturer.

@ “pis 8 000 unless otherwise specified in the relevant

part 2.

b total time is\divided into four equal periods, each being followed by a period of 48 h dur
fch the motor is subjected to the humidity test of 15.3. After the final humidity test,
L/lation<shall withstand the electric strength test of 16.3, but with the test voltage reduced
% of-the value specified.

Aft

K. This temperature is further increased by one of the values chosen from Table C.1. The
cofresponding total time during which the current is passed.iS/indicated in the table.

ing
the
to

peréach of the four periods and before the subsequent humidity test, the leakage curren

of

the insulating system is measured as specified in 13.2, any component not forming part of the

ins

ulation system under test being disconnected before the measurement is made.

The leakage current shall not exceed 0,5 mA.

Failure of only one of the six motors during the first of the four periods of the test is ignored.

If one of the six motors fails during the second, third or fourth period of the test, the remaining
five motors are subjected to a fifth period followed by the humidity test and the electric strength

tes

t.

The remaining five motors shall complete the test.
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Annex D
(normative)

Thermal motor protectors

This annex is applicable to appliances having motors that incorporate thermal motor protectors
that are necessary for compliance with this standard.

The appliance is supplied at rated voltage and is operated under stalled conditions by:

— |locking the rotor of appliances for which the locked rotor torque is smaller than the fulllgad
torque;

— |locking moving parts of other appliances.
The duration of the test is as follows:

— |motors having self-resetting thermal motor protectors are operated for-300 cycles or for 7P h,
whichever occurs first, unless they are likely to be permanently subjected to the supply
voltage, in which case the duration is 432 h;

— |motors having non-self-resetting thermal motor protectors aré _operated for 30 cycles, the
thermal motor protector being reset as soon as possible after'each operation, but in not l¢ss
than 30 s.

During the test, temperatures shall not exceed the values specified in 19.7 and the appliafnce
shall comply with 19.13.
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Annex E
(normative)

Needle-flame test

The needle-flame test is carried out in accordance with IEC 60695-11-5:2016 with some of the

cla

Re

Th

9.2

Th
shq

9.3

Mo
Th
Ad

Ifg

uses of IEC 60695-11-5:2016 being modified as follows.

El lication i

placement:

b duration of application of the test flame is 30 s + 1 s.

Test procedure

Position of test specimen

dification:

b specimen is arranged so that the flame can be applied\t6 a vertical or horizontal edge
wn in the examples of Figure 2.

Application of needle-flame

dification:
p first paragraph does not apply.
Hition:

ossible, the flame is applied-at least 10 mm from a corner.

9.4 Number of test specimens

Re

Th

placement:

p test is carried out on one specimen. If the specimen does not withstand the test, the

maly be rep€ated on two additional specimens, both of which shall then withstand the test.

1

Evaluation of test results

as

est

Addition:

The duration of burning (t,) shall not exceed 30 s. However, for printed circuit boards, the
duration of burning shall not exceed 15 s.
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Annex F
(normative)

Capacitors

Capacitors likely to be permanently subjected to the supply voltage, and used for radio
interference suppression or for voltage dividing, shall comply with the following clauses of
IEC 60384-14:2013 including IEC 60384-14:2013/AMD1:2016, being modified as follows.

1.5 Terms and definitions

1.8.3 This subclause is applicable.

Cc

dss X capacitors are tested according to subclass X2.
1.8.4 This subclause is applicable.

C

gdss Y capacitors are tested according to subclass Y2.

1.4 Marking

Items a) and b) of this subclause are applicable.

3.j Approval testing
3.4.3.2 Tests
Table 3 is applicable as follows:

— |group 0: Subclauses 4.1, 4.2.1 and 4.2.5;
— |group 1A: Subclause 4.1.1;

— |group 2: Subclause 4.12;

— |group 3: Subclauses 4.13 ahd 4.14;

— |group 6: Subclause 4.17;

— |group 7: Subclause.4.18.

4.1 Visual examination and check of dimensions

This subclausétis applicable.

4.2 Electrical tests

4.2.1.<{This subclause is applicable.

4.2.5 This subclause is applicable.

4.2.5.2 Only Table 11 is applicable. The values for test A apply; however, for capacitors in
heating appliances, the values for test B or test C apply.

4.12 Damp heat, steady state

This subclause is applicable.

Only insulation resistance and voltage proof are checked (see Table 15).
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4.13 Impulse voltage

This subclause is applicable.

4.14 Endurance

Subclauses 4.14.1, 4.14.3, 4.14.4 and 4.14.7 are applicable.

4.14.7 Only insulation resistance and voltage proof are checked (see Table 16) together with
a visual examination to ensure that there is no visible damage.

417 Passive flammability test

This subclause is applicable.

4.18 Active flammability test

This subclause is applicable.
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Annex G
(normative)

Safety isolating transformers
The following modifications to this standard are applicable for safety isolating transformers.

The clause numbers in this Annex refer to the clause numbers in the main part of this standard
that are modified.

7 [Marking and instructions

7.1 Transformers for specific use shall be marked with the:

— |name, trademark or identification mark of the manufacturer or responsible~vendor;

— |model or type reference.

NOTE The definition of transformers for specific use is given in IEC 61558-1:2017!
17| Overload protection of transformers and associated’circuits

Fall-safe transformers shall comply with Subclause 15.5 6f [EC 61558-1:2017.

NOTE This test is carried out on three transformers.
22| Construction

S

c

pclauses 19.1 and 19.1.2 of IEC 61558<2-6:2009 are applicable.

29| Clearances, creepage distances and solid insulation

2911, 29.2 and 29.3 The (distances specified in Table 20, Table 21 and Table 22| of
IEC 61558-1:2017 apply.

For insulated winding wires complying with Subclause 19.12.3 of IEC 61558-1:2017 there g@re
no |requirements for-clearances or creepage distances. In addition, for windings providjng
reipforced insulation, the distances specified in Table 20 and Table 21 of IEC 61558-1:2017
arg not assessed.

safety isolating transformers subjected to periodic voltages with a frequency exceedjng
kHz,~the clearances, creepage distances and solid insulation values specmed |n

Table 20, Table 21 and Table 22 of IEC 61558-1:2017.
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Annex H
(normative)

Switches

Switches shall comply with the following clauses of IEC 61058-1:2016 and IEC 61058-1-1:2016,

as

appropriate, being modified as follows.

The tests are carried out under the conditions occurring in the appliance.

Be

Swi
the
ref

13

NO

15

Su

Su

Su
out

17

Co

Fo
is

SwW
at

ore being tested, switches are operated 20 times without load.

Marking and documentation

itches are not required to be marked. However, a switch that can be tested separately fr
appliance shall be marked with the manufacturer's name or trademark and the ty
brence.

Mechanism
[E The tests can be carried out on a separate sample.
Insulation resistance and dielectric strength
bclause 15.1 is not applicable.
bclause 15.2 is not applicable.

bclause 15.3 is applicable for full disconnection and micro-disconnection. This test is carr
immediately after the humidity-test of Subclause 15.3 of IEC 60335-1.

Endurance
mpliance is checkéd\on three separate appliances or switches.

17.5.4 of IEC_61058-1-1:2016, the number of cycles of actuation declared according to
0 000 unless otherwise specified in Subclause 24.1.3 of IEC 60335-1.

itchesNintended for operation under no load and which can be operated only with the aid

pe

ed

of

bal.are not subjected to the tests. This applies also for such switches operated by hand

are

Subclauses 17.3 and 17.6.2 of IEC 61058-1-1:2016 are not applicable.

| interlocked so that they cannot be operated under load. However, switches without #h
interlock are subjected to the test of 17.5.4 of IEC 61058-1-1:2016 for 100 cycles of operation.

hat
is

The ambient

temperature during the test is that occurring in the appliance during the test of Clause 11 in
IEC 60335-1, as specified in footnote b of Table 3.

At the end of the tests, the temperature rise of the terminals shall not have increased by more
than 30 K above the temperature rise measured in Clause 11 of IEC 60335-1.
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20 Clearances, creepage distances, solid insulation and coatings of rigid
printed board assemblies

Clause 20 of IEC 61058-1:2016 is applicable to clearances across full disconnection and micro-
disconnection. It is also applicable to creepage distances for functional insulation, across
full disconnection and micro-disconnection, as stated in Table 14.
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Annex |
(normative)

Motors having basic insulation that is inadequate
for the rated voltage of the appliance

The following modifications to this standard are applicable for motors having basic insulation

tha

t is inadequate for the rated voltage of the appliance.

Th
th
are

8.1

11

11
risg

11
ma

16

16
to

19
19

Ap

1.19.1 The-appliance is operated at rated voltage with each of the following fault condition

clause numbers in this Annex refer to the clause numbers in the main part of this stand
t are modified. Clauses that are additional to the clauses in the main part of this stand
identified by adding the Annex letter with the numbering starting at 1.

Protection against access to live parts

Metal parts of the motor are considered to be bare live parts.

Heating

3 The temperature rise of the body of the motor is determined instead of the temperat
b of the windings.

8 The temperature rise of the body of the moteF, where it is in contact with insulaf
terial, shall not exceed the values shown in Table'3 for the relevant insulating material.

Leakage current and electric strength

3 The insulation between live parts.'of the motor and its other metal parts is not subjec
his test.

Abnormal operation
1 The tests of 19.7.to 19.9 are not carried out.

bliances are alsoySubjected to the test of 1.19.1.

short eircuit of the terminals of the motor, including any capacitor incorporated in the mg
citeuit;

ard
ard

lire

ing

fed

S!

tor

Short circuit of each diode of the rectifier;
open circuit of the supply to the motor;
open circuit of any parallel resistor, the motor being in operation.

Only one fault is simulated at a time, the tests being carried out consecutively. The faults are
simulated as shown in Figure I.1.

22

Construction

1.22.1 For class | appliances incorporating a motor supplied by a rectifier circuit, the
circuit shall be insulated from accessible parts of the appliance by double insulation or
reinforced insulation.

DC
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Compliance is checked by the tests specified for double insulation and reinforced insulation.

el

A

?
|
[
|
|
|
|
|
[
[
|
s

|

|

|

|

i
T
Py .

T
.

IEC IEG.

a) Parallel circuit b) Series circuit
Key
— original connection

——} short-circuit

H

open circuit
short-circuit of the terminals of the motor
short-circuit of a diode

open circuit of the supply to the motor

o 0O - >

open circuit of the parallel resistor

Figure 1.1 — Simulation of-faults
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Annex J
(normative)

Coated printed circuit boards

Protective coatings of printed circuit boards shall comply with IEC 60664-3:2016 with some of
the clauses of IEC 60664-3:2016 being modified as follows.

5 Tests

5.1 General

WHen production samples are used, three samples of the printed circuit board aretested.

5.7 Conditioning of the test specimens
5.7.2 Cold conditioning

The test is carried out at —25 °C.

5.7.4 Rapid change of temperature

Seyerity 1 is specified, the number of cycles is 5.

5.7.5.2 Additional conditioning with respect to.electromigration

The test duration is 10 days.

5.9 Additional tests

This subclause is not applicable.
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Annex K
(informative)

Overvoltage categories

The following information on overvoltage categories is extracted from IEC 60664-1:2007.

Overvoltage category is a numeral defining a transient overvoltage condition.

Eqbipment of overvoltage category |V is for use at the origin of the installation.

NOTE 1 Examples of such equipment are electricity meters and primary overcurrent protection equipment:

Eqbipment of overvoltage category lll is equipment in fixed installations and forcases where
thg reliability and the availability of the equipment is subject to special requirements.

NOTE 2 Examples of such equipment are switches in the fixed installation and equipment for industrial use ith
permanent connection to the fixed installation.

Eqbipment of overvoltage category Il is energy consuming equipment to be supplied from the
fixed installation.

NOTE 3 Examples of such equipment are appliances, portable tools and‘other household and similar loads.

If sjuch equipment is subjected to special requirements’with regard to reliability and availabiljty,
ovegrvoltage category Il applies.

Eqbipment of overvoltage category | is equipment for connection to circuits in which measufes
arg taken to limit transient overvoltages to ap appropriately low level.
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Annex L
(informative)

Guidance for the measurement of clearances
and creepage distances

When measuring clearances, the following applies.

The rated voltage and overvoltage category are determined (see informative Annex K).

NOTE 1 In general, appliances are in overvoltage category Il.

The rated impulse voltage is determined from Table 15.

If p
ba

ollution degree 3 is applicable, or if the appliance is class 0 or class 01, the clearances

24

for

ic insulation and functional insulation are measured and compared-with the valjes

specified in Table 16. For other cases, the impulse voltage test may be catried out if the rigidity
requirements of 29.1 are met, otherwise the values specified in Table~16 apply. However, |for
functional insulation that is subjected to a steady-state voltage ormiecurring peak voltage with
a frequency not exceeding 30 kHz, the clearances are also ,0obtained from Table F.73 in
IEC 60664-1:2007 or if the frequency exceeds 30 kHz, Clause*4 in IEC 60664-4:2005. The
larger of the values so obtained is applied if they exceed the values specified in Table 16.
Clgarances of supplementary insulation and reinforced insulation are measured and
compared with the values specified in Table 16.
NOTE 2 Special considerations apply for clearances subjécted to higher working voltages than rated voltgge.
For|these requirements, refer to the text in 29.1.5.
NOTE 3 The sequence for determining clearances'is shown in Figure L.1.
Rated impulse
Qvervoltage voltage
category (Table 15)
I
I
No [Poliution degree
3 applicable
Basic Y
insulation s Functional
insulation
Bpsic Terminals of tubular
; . Class I, 11, 1l Class 0, 0l ’
insulation = Ao Py sheathed heating
(rlgid parts) appliances appliances clements
(pollution degree 1)
| Largest
Impllsa I applicable
oItaF:;e test Minimum value
Clause 14) Clearance Clousadof
| - - IEC 60664-4:2005
No | Pollution Table F.7a of
degree 3 IEC 60664-1:2007
applicable ?
Yes
Table 16
or impulse
voltage test
(Clause 14)
[

Clearance

Figure L.1 — Sequence for the determination of clearances

IEC
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L.2 When measuring creepage distances, the following applies.

The working voltage, pollution degree and material group are determined.

The creepage distances of basic insulation and supplementary insulation are measured
and compared with the values specified in Table 17 or Table 2 in IEC 60664-4:2005 as
appropriate. A particular creepage distance is then compared with the corresponding
clearance of Table 16 and enlarged if necessary in order not to be less than the clearance.
For pollution degree 1, the reduced clearance based on the impulse voltage test can be used.

However, the creepage distance cannot be less than the values of Table 17.

Th

b creepage distances of functional insulation are measured and compared with the-valyes

spgcified in Table 18 or, for periodic working voltages exceeding 30 kHz, Table 2| of

IEC

Th

[ 60664-4:2005.

values specified in Table 17.

NO

[E The sequence for determining creepage distances is shown in Figure L.2

b creepage distances of reinforced insulation are measured and compared with twice the

Working Material Pollution
voltage group degree
I
[ | [ |
Basic insulation Supplementary Functional Reinforced
(Table 17 or insulation insulation insulation
Table 2 in (as obtained for (larger of Table 18 (29.2.3)

IEC 60664-4:2005
as applicable)

basic insulation
from Table, 17
or Table:2 in

IEC.60664-4:2005
as\applicable)

or for periodic
working voltages
> 30 kHz in
Table 2 of
IEC 60664-4:2005)

Impulse
voltage test
on clearance

Clearance
from\Table 16

Pollution Rollution
degree 2,3 degree 1
[
Clearance
from Table 16

Creepage
distance

Figure L.2 — Sequence for the determination of creepage distances

IEC

L.3 When measuring the sum total of distances between parts requiring protection against
simultaneous contact according to B.29.1.1 and accessible surfaces, the distance from each
part to the accessible surface shall be added together to determine the sum total. See
Figure L.3.
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IEC
Key
Dimension a positive bare part distance to the external surface represented by foil strétched across the openings
Dimension b negative bare part distance to the external surface represented by foil, Stretched across the openings

a+|b sum total as specified in B.29.1.1.

Figure L.3 — Measurement of clearances
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Annex M
(informative)

Pollution degree

The following information on pollution degrees is extracted from IEC 60664-1:2007.

Th
en

us
be

pol

MTns may be provided to reduce pollution at the insulation under consideration by ‘effecfive

Pollution

e _microenvironment determines the effect of pollution on the insulation. The macro-
ironment, however, has to be taken into account when considering the microenvironment.

of enclosures, encapsulation or hermetic sealing. Such means to reduce polldtion may pot
effective when the equipment is subjected to condensation or if, in normal use, it generates
lutants itself.

Small clearances can be bridged completely by solid particles, dust and“water and therefpre

minimum clearances are specified where pollution may be present in-{he microenvironment.

NO
S00)

NO

in afc chambers of switchgear or controlgear and is not covered by IEC 60664-1:2007.

Fo

thg microenvironment are established:

NO

[E 1 Pollution will become conductive in the presence of humidity. Pollution caused by contaminated wdter,
, metal or carbon dust is inherently conductive.

[E 2 Conductive pollution by ionized gases and metallic depositioris oecur only in specific instances, for exanpple

Degrees of pollution in the microenvironment

the purpose of evaluating creepage distances, the following four degrees of pollution in

pollution degree 1: no pollution or only.dry, non-conductive pollution occurs. The pollutjon
has no influence;

pollution degree 2: only non-eonductive pollution occurs, except that occasionally a
temporary conductivity caused by condensation is to be expected;

pollution degree 3: conductive pollution occurs or dry non-conductive pollution occurs that
becomes conductive dueto condensation that is to be expected,;

pollution degree 4:.the pollution generates persistent conductivity caused by conducfive
dust or by rain or-snow.

[E 3 Pollution degree 4 is not applicable to appliances.
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Annex N
(normative)

Proof tracking test

The proof tracking test is carried out in accordance with IEC 60112:2003 including
IEC 60112:2003/AMD1:2009 with some of the clauses of IEC 60112:2003 including
IEC 60112:2003/AMD1:2009 being modified as follows.

7.3
Te
10

10

Mo
Th
Th
the
inc

10
Ad

Th
of

Test apparatus

Test solutions

5t solution A is used.

Determination of proof tracking index (PTI)

1 Procedure

dification:
p proof voltage is 100 V, 175V, 250 V, 400 V or 600 V. as appropriate.

p test is carried out on five specimens.

test at a voltage equal to the proof voltage reduced by 25 V, the number of drops be

reased to 100.

2 Report

Hition:

b report shall state if the_PTI value was based on a test using 100 drops with a test volte

PTI-25) V.

case of doubt, a material is considered to have a PTI of the specified value if it withstands
ing

ge
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Annex O
(informative)

Selection and sequence of the tests of Clause 30

For correct application of this standard, the normative text takes precedence over the guidance
given in this annex and reliance should not to be placed on these figures.

No

External parts Thermoplastic Insulating Other parts
of hon metallic material forming material
material supplementary supporting
insulation or live parts
reinforced insulation
Ball pressure test at the
higher of
40°C + ATin Clause 11, No tests

Thermoplastic
material forming
supplementary
insulation or
reinforced
insulation

Ball pressure test
at the higher of
75 °C,
40°C + AT
in Clause 11

25 °C + AT in Clause 192

Yes

Thermoplastic
material forming
reinforced
insulation

a8 T is not taken into account if the tests of 19.4 and 19.5 are terminated by the operation of a non-self-resetf
protective deyice-requiring the use of a tool or removal of a cover to reset it.

Yes

Ball pressuretest
at the highest of
75%C,

40 AC + AT
in'Clause 11,
25°C + AT

in Clause 192

Ball pressure test
at the higher of
125 °C,

40 °C + AT
in Clause 11

Ball pressure test
at the highest of
125 °C,

40 °C + AT
in Clause 11,
25°C + AT

in Clause 192

Figure 0.1 — Tests for resistance to heat

EC

ing
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All parts of hand
-held and similar

appliances
- Glow-wire Material to
Glow wire test at be HB40
550 °C or HBF as
appropriate
|
|
Small parts, Material to have
GWEFI of at least a GWFI of at
550 °C or HB40 or least 550 °C
HBF as appropriate

IEC

Figure 0.2 — Selection and sequence of tests for resistance
to fire in hand-held appliances

For connections
carrying > 0,5 A and
parts within 3 mm

For connections

carrying <0,5 A and Other parts
parts within 3 mm

Spall parts, Glow-wire hg/lvitznélvboﬂ hg/lvitznéwﬂ Glow-wire Small parts, o l - ot l -
GWFI of ?t test f‘t of at least of at least test f‘t GWEFI of §t ow-wire aterial 1
least 750 °C 750 °C 750 °C 650 °C 650 °C least 650 °C test oat be HB40 gr
4r NFT or to or NFT or to 550 °C HBF as
b¢ at least V-1 be at least V-1 appropriate
Glow-wire Small parts, Material to have
withstand GWEFI of at least a GWFI of
550 °C or HB40 at least 550 °C
or HBF as
appropriate
PCB base Decorative
material with trims,
> low-power knobs, etc.
circuits

| No tests |

| ]
1 1
Needle-flame Material to be
test at least V-0
or VTM-0

IEC

Figure 0.3 — Selection and sequence of tests for resistance
to fire in attended appliances
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A IEC

"Within a distance of 3 mm" means falling within the dotted boundary formed by the cylinder with hemispherical
ends, as shown in the above drawing.

Sqme examples:
B
\
]
\ i
x
-— | /
f—
A
IEC
a) Example 1
B
D T \
C \
- [ /
|—
" IEC
b)\. Example 2
B
\ \
C
D \ x
\
-] | /
[ |——
A
IEC
c) Example 3
B
D T
C \ A
i 7 s
\i
- | /
I j——
A IEC

d) Example 4
Key
A connection zone
B non-metallic material
C non-metallic material
D air gap

I current greater than 0,5 A in attended appliances and greater than 0, 2 A in unattended appliances
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X distance from the connection

NOTE The distance X is not measured from the point of the connection since there is little or no temperature
gradient across the current-carrying conductors.

Explanation

Example X<3mm X>3 mm
Material subjected to glow-wire test Material subjected to glow-wire test
B (o B (o
1 Yes Yes No Yes
2 Yes Yes No Yes
3 Yes Yes No Yes
4 Yes Yes No Yes

Consequential test

Inu
2s

hattended appliances, B is also subjected to the needle-flame if C produces a flame that persists for longer than
during the glow-wire test of 30.2.3.2.

Figure 0.5 — Some applications of the term "within a'distance of 3 mm"
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Annex P
(informative)

Guidance for the application of this standard to appliances
used in tropical climates

The following modifications to this standard are applicable for class 0 appliances and class 0l
appliances having a rated voltage exceeding 150 V, that are intended to be used in countries
having a tropical climate and that are marked with symbol IEC 60417-6332 (2015-06).

NO
spe

Th
arg
1EC
the

Th

[E Tropical climates are characterized by high humidity and high ambient temperatures with little variation
Cified in IEC 60721-2-1.

by may also be applied to class | appliances having a rated voltage exceeding“150 V t

intended to be used in countries having a tropical climate and that are marked with sym
[ 60417-6332 (2015-06), if they are liable to be connected to a supply mains’that exclug
protective earthing conductor due to deficiencies in the fixed wiring system.

p clause numbers in this Annex refer to the clause numbers in themmain part of this stand

that are modified.

5.7

7.1

7.6

7.1
de

Th

General conditions for the tests

The ambient temperature for the tests of Clauses ,1+and 13 is 40" % °C.

Marking and instructions

The appliance shall be marked with symbol IEC 60417-6332 (2015-06).
SSS [symbol IEC 60417-6332 tropical climate
(2015-06)] P

2 The instructions shall state that the appliance is to be supplied through a residual curr
ice (RCD)\having a rated residual operating current not exceeding 30 mA.

b ingtructions shall state the substance of the following:

as

hat
bol
es

ard

This annliance-is caonsidered-tao be-stitahle for use in countries-havina a tranical clim4
HHSappHahRcets-coRstaereatobestHapie+oruseih A AHRgaHepicat—eHRE

te.

If s

11

11.
13

13.

It may also be used in other countries.
ymbol IEC 60417-6332 (2015-06) is used, its meaning shall be explained.
Heating

8 The values of Table 3 are reduced by 15 K.

Leakage current and electric strength at operating temperature

2 The leakage current for class I appliances shall not exceed 0,5 mA.
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15 Moisture resistance

15.3 The value of tis 37 °C.

16 Leakage current and electric strength

16.2 The leakage current for class I appliances shall not exceed 0,5 mA.

19 _Abnormal operation

19113 The leakage current test of 16.2 is applied in addition to the electric strength test.of 14.3.
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Annex Q
(informative)

Sequence of tests for the evaluation of electronic circuits

For correct application of this standard, the normative text takes precedence over the guidance
given in this annex and reliance should not be placed on the flow chart of Figure Q.1.
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Appliance having
electronic circuits

Is an electronic
disconnection or

No

Appliance tested for
19.11.41t019.11.4.7 in
off-position or stand-by

mode

Is 19.13 fulfilled?

Yes

programmable
instrument used?

Test according to
19.11.4.8

Component
reset OK?

No

Fail l

{1 Yes

Appliance tested for .
19.2 t0 19.10, 19.14 and 19.15 Fail

Is an
electronic circuit
used?

No

No‘further
test

conditions specified Yes

in 19.11.1 fulfilleg:2

No [

e

a) to g) fault in 19.11.2
and short-circuit of
Yes low-power circuit

No further
test

Does any
protective mean
operate?

No

Table 8 of
19.7, if applicable, and
19.13 fulfilled?

No
Yes I

Yes

No further Eal

test

Figure Q.1 — Flowchart outlining the sequence of tests

for the evaluation of electronic circuits (1 of 2)

IEC
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[

IEC 60127 fuse operates
an intentionally weak
part ruptures, or
printed circuit board
conductor opens

Additional evaluation
according to 19.1, 19.11}

Other protective device
such as thermal
cut-out operates

Protective electronic
circuit (PEC) operates

l

Appliance tested for
119114110 19.11.4.7
taking exceptions into

IEC 60335-2-96:2024 EXV © |IEC 2024

or 19.12, as applicable Are account
No Table 8 of
19.7, if applicable, Apply the faults according
and 19.73 a) to g) of 19.11.2in the

fulfilled?

PEC before start or during g
the normal operation of the |
appliance which gives the
most unfavorable conditions

Is the
appliance able to
operate?

No further

test

1 ) o~ —

IEC 60127 fuse operates
an intentionally weak
part ruptures, or
printed circuit board
conductor opens

PR

Other protective device

cut-out operates

If steady conditions
are reached for agpliances
working contifiuously, the
relevant'test.phase of
Clause 49¢hat caused the

such as thermal

IAdditional evaluation

Q

fcording to 19.1, 19.11
qr 19.12, as applicable

Does
appliance comply
with 19.13?

Yes

software evaluation
according to Annex R

No further I
test

PEC to,operate is repeated.

If one cycle of operation
is finished for appliances
not working continuously,
the relevant test phase
of Clause 19 that caused the
| PEC to operate is repeated.

Figure Q.1 (2 of 2)

IEC
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Annex R
(normative)

Software evaluation

Programmable electronic circuits requiring software incorporating measures to control the
fault/error conditions specified in Table R.1 or Table R.2 shall be validated in accordance with

the requirements in this annex.

NOFE—Tabtes R-tanmd—R2=are basedom Tabte H+of tEC66730=126+3mctudimgEC 667 36=126+3rAMB 12
thaf is, for the purpose of this annex, divided in two tables, Table R.1 for general fault/error conditions and Table
for gpecific fault/error conditions.

R. Programmable electronic circuits using software

Prggrammable electronic circuits requiring software incorporating measures to control
fadlt/error conditions specified in Table R.1 or Table R.2 shall be constructed so that
software does not impair compliance with the requirements of this standard.

-

15
R.2

the
the

Compliance is checked by the inspections and tests, according to therequirements of this annex,

andl by examination of the documentation as required by this annex.

R. Requirements for the architecture

R.2.1 General

R.2.1.1 Programmable electronic circuits¢requiring software incorporating measures
control the fault/error conditions specified in, Table R.1 or Table R.2 shall use measures
control and avoid software-related faults/errors in safety-related data and safety-rela
segments of the software.

Compliance is checked by the inspections and tests in R.2.2 to R.3.4 inclusive.

R.2.1.2 Programmable electronic circuits requiring software incorporating measures
control the fault/error conditions specified in Table R.2 shall have one of the following structu

— |single channel with"periodic self-test and monitoring (see IEC 60730-1:2013 includ
IEC 60730-1:2013/AMD1:2015, H.2.16.7);

— |dual channe)r (homogenous) with comparison (see IEC 60730-1:2013 includ
IEC 60730-1:2013/AMD1:2015, H.2.16.3);

— |dual _“\channel (diverse) with comparison (see IEC 60730-1:2013 includ
IEG'60730-1:2013/AMD1:2015, H.2.16.2).

NOLEXM_Comparison hetween dual channel structures can be performed by-

to
to
ted

to
res:

ing
ing

ing

e use of a comparator (see IEC 60730-1:2013 including IEC 60730-1:2013/AMD1:2015 H.2.18.3), or
e reciprocal comparison (see IEC 60730-1:2013 including IEC 60730-1:2013/AMD1:2015 H.2.18.15).

Programmable electronic circuits requiring software incorporating measures to control
fault/error conditions specified in Table R.1 shall have one of the following structures:

— single channel with functional test (see IEC 60730-1:2013 includ
IEC 60730-1:2013/AMD1:2015 H.2.16.5);

— single channel with periodic  self-test (see IEC 60730-1:2013 includ
IEC 60730-1:2013/AMD1:2015, H.2.16.6);

— dual channel without comparison (see IEC 60730-1:2013 includ
IEC 60730-1:2013/AMD1:2015, H.2.16.1).

the

ing

ing

ing
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NOTE 2 Software structures incorporating measures to control the fault/error conditions specified in Table R.2 are
also acceptable for programmable electronic circuits with functions requiring software measures to control the

faul

t/error conditions specified in Table R.1.

Compliance is checked by the inspections and tests of the software architecture in R.3.2.2.

R.2.2 Measures to control faults/errors

R.2.2.1 When redundant memory with comparison is provided on two areas of the sa
component, the data in one area shall be stored in a different format from that in the other area
(see software diversity, IEC 60730-1:2013 including IEC 60730-1:2013/AMD1:2015, H.2.18.19).

Co

R.2

mejasures to control the fault/error conditions specified in Table R.2 and that use_dual chan
ictures with comparison shall have additional fault/error detection means~(such as periodic

str
fun
by

Co

me

mpliance is checked by inspection of the source code.

.2.2 Programmable electronic circuits with functions requiring software incorporat

ctional tests, periodic self tests, or independent monitoring) for any faultiérrors not detec
the comparison.

mpliance is checked by inspection of the source code.

R.2
m

be |provided for the recognition and control of errors in transmissions to external safety-rela
dafa paths. Such means shall take into account errorslin data, addressing, transmission tim

an

Co

R.2

pr
sa

Co

misures to control the fault/error ,conditions specified in Table R.1 or Table R.2,

.2.3 For programmable electronic circuits with functions.requiring software incorporat

ng
nel

ted

ng

sures to control the fault/error conditions specified in, Table R.1 or Table R.2, means shall

sequence of protocol.
mpliance is checked by inspection of the setrce code.

.2.4 For programmable electronic circuits with functions requiring software incorporat

grammable electronic circuits shall incorporate measures to address the fault/errors
ty-related segments and datacindicated in Table R.1 or Table R.2 as appropriate.

mpliance is checked by inspection of the source code.

ted
ng

ng
the
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Table R.1 — General fault/error conditions

- 215 -

Component? Fault/error Acceptable measures P © Definitions
See
IEC 60730-1:2013
including
IEC 60730-1:2013/
AMD1:2015
1
Central
processing unit
(CRY
1.1
Repisters Stuck at Functional test, or H.2.16.5
periodic self-test using either: H.2.16.6
—  static memory test, or H.2.19'6
— word protection with single bit redundancy H.2.19.8.2
1.4VvoOID
1.3
Functional test, or H.2.16.5
Programme Stuck at periodic self-test, or H.2.16.6
copinter independent time-slot monitoring, or H.2.18.10.4
logical monitoring of the programme-sequence H.2.18.10.2
2
Intlerrupt No interrupt or Functional test, or H.2.16.5
handllr.ug and Foo frequent time-slot monitoring H.2.18.10.4
exgecution interrupt
3
Clock Frequency menitoring, or H.2.18.10.1
time slot monitoring H.2.18.10.4
Wrong frequency
(for quartz
synchronized
clock:
harmonics/sub-
harmonics only)
4
Mgmory
4.1
Inyariable All single bit Periodic modified checksum, or H.2.19.3.1
mgmory {aults multiple checksum, or H.2.19.3.2
word protection with single bit redundancy H.2.19.8.2
4.2
Va[iable memory | DC fault Periodic static memory test, or H.2.19.6
word nrataction wwith cinalag hit radindanony H2 10 Q 2
word-protection-with-single-bitredundanscy H249-82
4.3
Addressing Stuck at Word protection with single bit redundancy H.2.19.8.2

(relevant to
variable and
invariable
memory)

including the address
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Component?

Fault/error

Acceptable measures ? ¢

Definitions
See

IEC 60730-1:2013

including
IEC 60730-1:2013/
AMD1:2015
5
Internal data Stuck at Word protection with single bit redundancy H.2.19.8.2
path
5.1 VOID
5.4 Addressing Wrong address Word protection with single bit redundancy H.2.19.8.2
including the address
6
External
communication
6.1 Data corruptior_l Word protection with multi-bit redundancy, or H.2,99.8.1
Data of up to Hamming | -2 — single word, o M.2.19.4.1
transfer redundancy, or H.2.18.2.2
protocol test H.2.18.14
6.2
Addressing Wrong address Word protection with multi-bit redundancy H.2.19.8.1
including the address or
CRC - single word including¢the addresses, or H.2.19.4.1
transfer redundancy, or H.2.18.2.2
protocol test H.2.18.14
6.3
Tihing Wrong point in Time-slot monitoring, or H.2.18.10.4
time scheduled transmission H.2.18.18
Wrong sequence | Logicalymonitoring, or H.2.18.10.2
time-slot monitoring, or H.2.18.10.4
scheduled transmission H.2.18.18
7
Ingut/output Fault conditions Plausibility check H.2.18.13
periphery specified, in
19112
7.1
vaib
7.2
Analog(1/O
7.4.1
A/D and D/A Fault conditions Plausibility check H.2.18.13
convertor specified in
19.11.2
7.2.2
Analog Wrong Plausibility check H.2.18.13
multiplexer addressing
8 voiD
9
Custom chips ¢ | Any output Periodic self-test H.2.16.6

e.g. ASIC, GAL,
gate array

outside the static
and dynamic
functional
specification
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NOTE A Stuck-at fault model denotes a fault model representing an open circuit or a non-varying signal level. A
DC fault model denotes a stuck-at fault model incorporating short circuits between signal lines.

@ For fault/error assessment, some components are divided into their sub-functions.
b For each sub-function in the table, the Table R.2 measure will cover the software fault/error.
¢ Where more than one measure is given for a sub-function, these are alternatives.

To be divided as necessary by the manufacturer into sub-functions.

Table R.2 = Specific fault/error conditions
Component @ Fault/error Acceptable measures ® ¢ Definitions
IEC 607S3eoe-1 12013
including
IEC ,60730-1:2013/A
MD1:2015
1
Ceptral
Prgcessing Unit
(ClU)
1.1
Repisters DC fault Comparison of redundant CPUs by either:
— reciprocal comparison H.2.18.15
— independent hardware’comparator, or H.2.18.3
internal error detection,“or H.2.18.9
redundant memory with. comparison, or H.2.19.5
periodic self-tests\using either
— walkpat meémory test H.2.19.7
—  Abraham‘test H.2.19.1
— tradsparent GALPAT test; or H.2.19.2.1
word.protection with multi-bit redundancy, or H.2.19.8.1
static memory test and H.2.19.6
word protection with single bit redundancy H.2.19.8.2
1.2
Indtruction Wrong decoding | Comparison of redundant CPUs by either:
gi :ggtiinognand and exggution reciprocal comparison H.2.18.15
— independent hardware comparator, or H.2.18.3
internal error detection, or H.2.18.9
periodic self-test using equivalence class test H.2.18.5
1.3
Programme DC fault Periodic self-test and monitoring using either: H.2.16.7
col.mter — independent time-slot and logical monitoring H.2.18.10.3
— internal error detection, or H.2.18.9
comparison of redundant functional channels by
either:
—  reciprocal comparison H.2.18.15
— independent hardware comparator H.2.18.3
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Component? Fault/error Acceptable measures ® ¢ Defigitions
IEC 6073e0e-1 12013
including
IEC 60730-1:2013/A
MD1:2015
1.4
Addressing DC fault Comparison of redundant CPUs by either:
—  reciprocal comparison H.2.18.15
— independent hardware comparator; or H.2.18.3
internal-error detectionor H2189
periodic self-test using H.2.16.7
— a testing pattern of the address lines; or H.2.18.22
— a full bus redundancy H.2.18.1M
— a multi bus parity including the address H.2.48.%.2
1.5
Data paths DC fault and Comparison of redundant CPUs by either:
Ln:::é‘i::‘igon execution —  reciprocal comparison, or H.2.18.15
— independent hardware comparator, or H.2.18.3
— internal error detection, or H.2.18.9
—  periodic self-test using a testing pattern, or H.2.16.7
— data redundancy, or H.2.18.2.1
—  multi-bit bus parity H.2.18.1.2
2
Inlerrupt No interrupt or Comparison of redundantsfunctional channels by
hapdling and too frequent either
expcution igt?j?;#eﬁgrr]etzlated —  reciprocal comparison, H.2.18.15
sources — independent\iardware comparator, or H.2.18.3
— independent time-slot and logical monitoring H.2.18.10.3
3
Clock Wrong frequency | Frequéncy monitoring, or H.2.18.10.1
(sf;r:cthl{igizzed time-slot monitoring, or H.2.18.10.4
clock: cemparison of redundant functional channels
harmonics/‘ by either:
subharmonjes
only) —  reciprocal comparison H.2.18.15
— independent hardware comparator H.2.18.3
4. Memory
4.1
Inyariable 99,6 % coverage | Comparison of redundant CPUs by either:
mgmory Zirzlrlsinformation —  reciprocal comparison H.2.18.15
— independent hardware comparator, or H.2.18.3
redundant memory with comparison, or H.2.19.5
periodic cyclic redundancy check, either
—  single word H.2.19.4.1
— double word, or H.2.19.4.2
word protection with multi-bit redundancy H.2.19.8.1



https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 EXV © IEC 2024 -219 -
Component? Fault/error Acceptable measures ® ¢ Definitions
See
IEC 60730-1:2013
including
IEC 60730-1:2013/A
MD1:2015
4.2
Variable memory | DC fault and Comparison of redundant CPUs by either:
dynamic cross . .
links —  reciprocal comparison H.2.18.15
— independent hardware comparator, or H.2.18.3
redundant memory with comparison, or H.2.19.5
periodic self-tests using either:
— walkpat memory test H.2.19.7
—  Abraham test H.2119.1
— transparent GALPAT test, or H.219.2.1
word protection with multi-bit redundancy H.2.19.8.1
4.3
Addressing DC fault Comparison of redundant CPUs by either:
(reflevant to . )
vatiable and —  reciprocal comparison, or H.2.18.15
inyariable — independent hardware compatator, or H.2.18.3
mgmory)
full bus redundancy H.2.18.1.1
testing pattern, or H.2.18.22
periodic cyclic redundancy check, either:
—  single word H.2.19.4.1
— double word\or H.2.19.4.2
word protection with multi-bit redundancy including |H.2.19.8.1
the address
5
Internal data
path
5.1
Dajta DC fault Comparison of redundant CPUs by either
— reciprocal comparison H.2.18.15
— independent hardware comparator, or H.2.18.3
word protection with multi-bit redundancy H.2.19.8.1
including the address, or data redundancy, or H.2.18.2.1
testing pattern, or H.2.18.22
protocol test H.2.18.14
5.2
Addressing Wrong address Comparison of redundant CPUs by:
and multiple . .
addressing —  reciprocal comparison H.2.18.15
— independent hardware comparator, or H.2.18.3
word protection with multi-bit redundancy, including [H.2.19.8.1
the address, or
full bus redundancy; or H.2.18.1.1
testing pattern including the address H.2.18.22



https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

- 220 - IEC 60335-2-96:2024 EXV © |IEC 2024
Component? Fault/error Acceptable measures ® ¢ Definitions
See
IEC 60730-1:2013
including
IEC 60730-1:2013/A
MD1:2015
6
External
communication
6.1
Dalta Data corruption CRC - double word, or H.2.19.4.2
of up to
Hamming data redundancy or H.2.18.2.1
distance 4 comparison of redundant functional channels by
either
— reciprocal comparison; or H2)18.15
— independent hardware comparator 2 18.3
6.2
Addressing Wrong address CRC - double word, including the address,.6r H.2.19.4.2
and multiple
addressing full bus redundancy of data and address,\or H.2.18.1.1
comparison of redundant communication channels
by either:
— reciprocal comparison; or H.2.18.15
— independent hardware’comparator H.2.18.3
6.3
Tihing Wrong point in Time-slot and logical’monitoring, or H.2.18.10.3
time
! comparison of redundant communication channels
by either:
— reciprocal comparison; or H.2.18.15
— independent hardware comparator H.2.18.3
Wrong sequence |Jime-slot and logical monitoring, or H.2.18.10.3
comparison of redundant communication channels
by either:
— reciprocal comparison; or H.2.18.15
— independent hardware comparator H.2.18.3
7
Ingut/output
peTiphery
7.
Digital 1/0 Fault conditions | Comparison of redundant CPUs by either:
specified in ) .
19 442 — reciprocal comparison H.2.18.15
— independent hardware comparator, or H.2.18.3
input comparison, or H.2.18.8
multiple parallel outputs, or H.2.18.11
output verification, or H.2.18.12
testing pattern, or H.2.18.22
code safety H.2.18.2
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Component? Fault/error Acceptable measures ® ¢ Definitions
See
IEC 60730-1:2013
including
IEC 60730-1:2013/A
MD1:2015
7.2
Analog I/O
7.21
A/D- and D/A- Fa:;llt S?nqditions Comparison of redundant CPUs by either:
COfivertor o —Teciprocal comparison H.Z T8 15
— independent hardware comparator, or H.2.18.3
input comparison, or H.2.18.8
multiple parallel outputs, or H.2.18.11
output verification, or H.2.18.12
testing pattern H.2.18.22
7.4.2
Analog Wrong Comparison of redundant CPUs by either:
myltiplexer addressing ) .
— reciprocal comparison H.2.18.15
— independent hardware compardtor, or H.2.18.3
input comparison or H.2.18.8
testing pattern H.2.18.22
8
Mgnitoring Any output Tested monitoring, or H.2.18.21
deyices and outside the static L, S )
conparators and dynamic redundant monitering and comparison, or H.2.18.17
functional error recognizing means H.2.18.6
specification
9
Custom chips ¢ | Any output Periadic self-test and monitoring, H.2.16.7
outside the static ) ) )
e.d. ASIC, GAL, and dynamic dual channel (diverse) with comparison, or H.2.16.2
gate array functional error recognizing means H.2.18.6
specification
NQTE A DC fault model denotes a stuck-at fault model incorporating short circuits between signal lines.
a8 | For fault/error asse§sment, some components are divided into their sub-functions.
b [ For each sub-function in the table, the software measure will cover the Table R.1 fault/error.
¢ | Where moré/than one measure is given for a sub-function, these are alternatives.
4 | To be divided as necessary by the manufacturer into sub-functions.

R.2.2.5 For programmable electronic circuits with functions requiring software incorporating
measures to control the fault/error conditions specified in Table R.1 or Table R.2, detection of
a fault/error shall occur before compliance with Clause 19 is impaired.

For appliances intended for remote communication through public networks, where
normative Annex U is applicable as determined by 22.62, detection of a fault/error shall occur
before compliance with normative Annex U is impaired.

Compliance is checked by inspection and testing of the source code.

NOTE The loss of dual channel capability is deemed to be an error in a programmable electronic circuit using a
dual channel structure required for software to control the fault/error conditions specified in Table R.2.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

- 222 - IEC 60335-2-96:2024 EXV © |IEC 2024

R.2.2.6 The software shall be referenced to relevant parts of the operating sequence and the
associated hardware functions.

Compliance is checked by inspection of the source code.

R.2.2.7 Where labels are used for memory locations, these labels shall be unique.

Compliance is checked by inspection of the source code.
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pliance is checked by inspection of the source code.

.2.9 The software and safety-related hardware under its control shall belinitialized §

all terminate before compliance with Clause 19 is impaired. In addition] for applian
nded for remote communication through public networks where mormative Annex U i

plicable as determined by 22.62, the software and safety-related hardware under its con

all be initialized and shall terminate before compliance with normative Annex U is impairs

mpliance is checked by testing of the source code.

8  Measures to avoid errors

| General

programmable electronic circuits withJ functions requiring software incorporat
sures to control the fault/error conditions’specified in Table R.1 or Table R.2, the follow,
sures to avoid systematic faults in the.software shall be applied.

ble R.2 is inherently acceptable for software required to control the fault/error conditi
cified in Table R.1.

E The content of these requirements is extracted from IEC 61508-3:2010 and adapted to the needs of
dard.

.2 Specification

.21 Software safety requirements

b specification of the software safety requirements shall include:

tware that incorporates measures used to control the fault/error conditions specified i

nd
tes

rol
d.

ng
ing

pns

this

time(s);

acdescription of each safety related function to be implemented, including its resporrse

e functions related to the application including their related software faults required to
controlled;

e functions related to the detection, annunciation and management of software
hardware faults.

a description of interfaces between software and hardware;

a description of interfaces between any safety and non-safety related functions;

be

or

a description of any compiler used to generate the object code from the source code,

including details of any compiler switch settings used such as library function optio
memory model, optimization, SRAM details, clock rate and chip details;

a description of any linker used to link the object code to executable library routines.

ns,
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Compliance is checked by inspection of the documentation and as specified in R.3.2.2.2.

NOTE Examples of some techniques/measures to meet these requirements can be found in Table R.3.

Table R.3 — Semi-formal methods

Technique / Measure Informative references

Semi-formal methods

Logical/functional block diagrams

Se quence rlingrnmc
Fihite state machines/state transition diagrams IEC 61508-7:2010, B.2.3.2
Decision/truth tables IEC 61508-7:2010, C.6.1

R.3.2.2 Software architecture
R.3.2.2.1 The specification of the software architecture shall include thé)following aspects

— |techniques and measures to control software faults/errors (refer-to)R.2.2);

— linteractions between hardware and software;

— [|partitioning into modules and their allocation to the specified safety functions;
— |hierarchy and call structure of the modules (control flow);

— linterrupt handling;

— |data flow and restrictions on data access;

— |architecture and storage of data;

— |time-based dependencies of sequences and data.

Compliance is checked by inspection of.theé documentation and as specified in R.3.2.2.2.

NOTE Examples of some techniques/measures to meet these requirements can be found in Table R.4.

Table R:4-— Software architecture specification

Technique / Measure Informative references

F4ult detection and diagnoSis IEC 61508-7:2010, C.3.1

Sgmi-formal methods:
e | Logic/functionyblock diagrams

o | Sequenceldiagrams

e | Finite 'state machines / state transition diagrams IEC 61508-7:2010, B.2.3.2

e | Data flow diagrams IEC 61508-7:2010, C.2.2

R.3.2.2.2 The architecture specification shall be validated against the specification of the
software safety requirements by static analysis.

NOTE Example methods for static analysis are:

e control flow analysis; (IEC 61508-7:2010, C.5.9);

e data flow analysis; (IEC 61508-7:2010, C.5.10);

e walk-through (software) (IEC 61508-7:2010, C.5.15);
e design review (IEC 61508-7:2010, C.5.16).
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R.3.2.3 Module design and coding

R.3.2.3.1 Based on the architecture design, software shall be suitably refined into modul
Software module design and coding shall be implemented in a way that is traceable to the
software architecture and requirements.

The module design shall specify:

Co

NO

NO
for

NO

function(s);

interfaces to other modules;

es.

data.

mpliance is checked by R.3.2.3.3 and by inspection of the documentation.

[E 1 The use of computer aided design tools is accepted.

[E 2 Defensive programming (IEC 61508-7:2010, Subclause C.2.5) is recommended (e-g{range checks, ch
livision by 0, plausibility checks).

[E 3 Examples of some techniques/measures to meet these requirements can befound in Table R.5.

Table R.5 — Module design specification

eck

Technique / Measure Informative references
Liited size of software modules IEC 61508-7:2010, C.2.9
Information hiding / encapsulation IEC 61508-7:2010, C.2.8
One entry / one exit point in subroutines and functions IEC 61508-7:2010, C.2.9
Fdlly defined interface IEC 61508-7:2010, C.2.9
Sgmi-formal methods:

Logic/function block diagrams
Sequence diagrams

Finite state machines / state transition.diagrams IEC 61508-7:2010, B.2.3.2
Data flow diagrams IEC 61508-7:2010, C.2.2

R.3

Co

NO

.2.3.2 Software cade.shall be structured.

mpliance is chécked by R.3.2.3.3 and by inspection of the documentation.

E 1 Structural complexity can be minimized by applying the following principles:

keep thesnumber of possible paths through a software module small, and the relation between the input
putput parameters as simple as possible;

pvoid-complicated branching and, in particular, avoid unconditional jumps (GOTO) in higher level languages

and

where possible, relate loop constraints and branching to input parameters;

avoid using complex calculations as the basis of branching and loop decisions.

NOTE 2 Examples of some techniques/measures to meet these requirements can be found in Table R.6.
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Table R.6 — Design and coding standards

Technique / Measure Informative references

Use of coding standard (see NOTE) IEC 61508-7:2010, C.2.6.2

No use of dynamic objects and variables (see NOTE) IEC 61508-7:2010, C.2.6.3

Limited use of interrupts IEC 61508-7:2010, C.2.6.5

Limited use of pointers IEC 61508-7:2010, C.2.6.6

Limited use of recursion IEC 61508-7:2010, C.2.6.7

N ulIbUIIU'I.tI.UIIdI' julIIIJO I.II Proyrdarirs ill l’ll‘yl’lbl I‘CVCI‘ I‘EC U1508'7201G, C2U2

lahguages

NQTE Dynamic objects and/or variables are allowed if a compiler is used which ensures that sufficieAtmemqgry

fof all dynamic objects and/or variables will be allocated before runtime, or which inserts runtime checks for the

correct online allocation of memory.
R.3.2.3.3 Coded software shall be validated against the module specificatioh by static analysis.
The module specification shall be validated against the architecturé~specification by static
analysis.
R.3.3 Software validation
The software shall be validated with reference to the regiirements of the software safety
requirements specification.
NOTE 1 Validation is confirmation by examination and {rovision of objective evidence that the particplar
reqlirements for a specific intended use are fulfilled. Therefore, for example, software validation means confirnjing
by examination and provision of objective evidence that the software satisfies the software safety requiremgnts
spekification.
Compliance is checked by simulation of:
— |input signals present during normal operation;
— |anticipated occurrences;
— |undesired conditions requiring system action.
Te$t cases, test data and test results shall be reported.
NOTE 2 Examples of.some techniques/measures to meet these requirements can be found in Table R.7.

Table R.7 — Software safety validation
Technique / Measure Informative references
Fynctional ‘and black-box testing: IEC 61508-7:2010, B.5.1, B.5.2
o Boundary value analysis IEC 61508-7:2010, C.5.4
e  Process simulation IEC 61508-7:2010, C.5.18

Simulation, modelling:

. Finite state machines IEC 61508-7:2010, B.2.3.2

. Performance modelling IEC 61508-7:2010, C.5.20

R.3.4 Management items

R.3.4.1 Management of software versions

A software version management system at the module level shall be put in place. All versions
shall be uniquely identified for traceability.
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NOTE The use of a version ID number, if unique, is one possible solution.

Compliance is checked by inspection of the documentation.

R.3.4.2 Software modification

R.3.4.2.1 Software modifications shall be based on a modification request which details the
following:

— the hazards which may be affected;

— |the reasons for change.

R.3.4.2.2 An analysis shall be carried out to determine the impact of the proposed modificatjon
on [functional safety.

R.3.4.2.3 A detailed specification for the modification shall be generated including the
negessary activities for verification and validation, such as a definition of-suitable test cases.

R.3.4.2.4 The modification shall be carried out as planned.

R.3.4.2.5 The assessment of the modification shall be carnfied out based on the specifjed
velfification and validation activities. This may include:

— |a reverification of changed software modules;
— |areverification of affected software modules;
— |arevalidation of the complete system.

R.3.4.2.6 All details of modification activities shall be documented.

Compliance of the requirements in R:3:4.2.1 to R.3.4.2.6 is checked by inspection of fthe
dog¢umentation.
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Annex S
(informative)

Guidance for the application of this standard on measurement of power
input and current based on the requirements of 10.1 and 10.2 concerning
the representative period

For correct application of this standard, the normative text takes precedence over the guidance
given in this annex and reliance should not to be placed on the flow chart of Figure S.1.

Is the maximum value
of the power input or current > 2 times
AMV during the representative
period?

No Arithmétic mean

value (AMV) is used

Is the largest value that
is exceeded for a time that exceeds
10 % of the time of the\representative
period > AMV?

No

AMV is used

Then the power input or current is
the largest value that is
exceeded for a time that exceeds
10 % of the time of the
representative period

IEC

Figure S.1 — Flowchart giving guidance on measurement of power input
and current concerning the representative period
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Annex T
(normative)

UV-C radiation effect on non-metallic materials

This annex provides requirements for non-metallic materials subject to direct or reflected UV-C
radiation (100 nm to 280 nm) exposure and whose mechanical and electrical properties are
relied upon for compliance with this standard. This annex does not apply to glass, ceramic and
similar materials.
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5.1
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5.2

5.2

5.3

5.3.

9

Th

[E General-purpose incandescent and fluorescent lamps with ordinary glass envelopes are not considere
significant UV-C radiation.

b UV-C radiation effect on non-metallic materials is determined by measuring selécted n
tallic material properties before and after UV-C radiation conditioning. The conditioning 4
ts are carried out on non-metallic material specimens prepared according to the relev|
ndard for the test method. The standards and compliance criteria (or’ parts provid

chanical support or impact resistance are specified in Table T.4)\/The standard &
npliance criteria for electrical insulation of internal wiring are specified in Table T.2.

b conditioning apparatus and test procedure are as specified indSO 4892-1 and ISO 4892
h some of their clauses being as modified follows.

difications to the clauses of ISO 4892-1:2016.

Irradiance

.1 The UV-C emitter shall be a low pressure~mercury lamp with a quartz envelope havj
ontinuous spectral irradiance of 10 W/m?2,at"254 nm.

[E The quartz envelope blocks the 185 nm_resonant wavelength for mercury that can generate ozone.
Temperature

.5 The black-panel temperature shall be 63 °C + 3 °C.

Humidity and wetting
1 Humidificatignyof the chamber air is specified in part 2 when necessary.
Test report

s clause is not applicable.

i to

nd
ant
ing
nd

0
N

ing

M

7

7.1

dificationstothe clauses of 1ISO4862-2-26013:

Procedure

General

At least three test specimens of each non-metallic material providing mechanical support or
impact resistance shall be exposed in each run to allow statistical evaluation of the results.

Ten samples of the insulated internal wiring shall be exposed in each run. When the internal
wiring is provided in more than one colour, the colour having the heaviest organic pigment

loa

ding is used.
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In determining the samples for testing, consideration should be given to samples coloured red
or yellow which are known to have particular critical effects.

7.2

Mounting the test specimens

The specimens shall be attached to the specimen holders such that they are not subject to any
applied stress.

7.3

spécified exposure cond/t/ons It shaII be programmed to operate contmuously and

Exposure

conditions shall be maintained throughout the exposure, keeping any interruptions to-service
thg apparatus and to inspect the specimens to a minimum.
The test specimens and, if used, the irradiance-measuring instrument are expased for 1 00Q h.
NOTE Repositioning of the specimens during exposure is desirable and might be necessary-
If it is necessary to remove a test specimen for periodic inspections¢are should be taken to
avoid touching the exposed surface or altering it in any way.
7.4 Measurement of radiant exposure
If ysed, a radiometer shall be mounted and calibrated sueh'that it measures the irradiancq at
thg exposed surface of the test specimen.
7.9 Determination of changes in properties after exposure
The non-metallic material properties and test methods for parts providing mechanical supgort
or Impact resistance are specified in TablecT:1.
Table T.1 — Minimum property retention limits after UV-C exposure
Parts to be tested Property Standard for the test Minimum retention after
method test @
P4rts providing Ténsile strength @ or ISO 527 (all parts) 70 %
mgchanical support Flexural strength 2 ISO 178 70 %
Charpy impact € or 1ISO 179-1 70 %
Pqrts providing Imedk Izod impact © or 1SO 180 70 %
Tensile impact °© 1ISO 8256 70 %

Tensjle=strength and flexural strength tests are to be conducted on specimens no thicker than the acty
thicknesses.

the three point loading method

Tests conducted on 3,0 mm thick specimens for Izod impact and tensile impact tests and 4,0 mm thi
specimens for Charpy impact tests are considered representative of other thicknesses, down to 0,8 mm.

Test specimens shall also show no visible signs of deterioration, such as crazing or cracking.

ck

The non-metallic material properties and test method for electrical insulation of internal wiring
are specified in Table T.2.
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Table T.2 — Minimum electric strength for internal wiring after UV-C exposure

Parts to be tested

Property

Standard for the test
method

Compliance

Electrical insulation of
internal wiring

Electric strength

IEC 60335-1 Subclause
23.5

No breakdown shall occur
during the test.

8 Exposure report

This clause is not applicable.
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Annex U
(normative)

Appliances intended for remote communication through public networks

The measures given in this annex are intended to avoid unauthorized access and the effects
of transmission failures via remote communication through public networks, where

compliance with this standard could be impaired.

However, Tmgeneraf, it does not CoOVer aspects concerning confidentiatity of data and consu
priyacy.

uU. Terms and definitions

u.1.1 Definitions relating to remote functionality

u.1.1.1

authentication

prgvision for confirming that the entity sending or receiving a message is what or who it clai
e

.1.1.2

ices has the required authority

er

ms

ns to ensure that the authenticated entity requesting access to information, functions or

prdtection that enables the appliance to confirm the data has not been altered, lost or destroyed

Marking and-instructions

where to obtain‘the unique name or code given by the manufacturer, that identifies the curr|
vellsion of(the software running in the appliance. The instructions shall also include
ne¢essary-steps the user must follow for the software update procedure.

Compliance is checked by inspection.

.1 If there is .provision for software download, instructions shall be provided on how| or

ent
the

U.3 Construction

U.3.1 Software enabling communication with a public network shall be partitioned i

nto

modules separate from software which is necessary to comply with the other requirements of

thisstandard.
Compliance is checked by inspection.

U.3.2 Remote communication shall be established, implemented and terminated by
appliance via software that provides

the
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data integrity protection concerning:

e data corruption;

e address corruption;

e wrong timing or sequence;

e permanent "auto-sending" or repetition;
e interruption of data transfer;

means to detect and respond to communication in which, for any reason, a message be
communicated is incomplete, truncated, contains errors or has the correct format

ing
ut

Co

delivers information that is outside the range expected for that type of message; and

measures to control the fault/error conditions specified in Table R.1.

mpliance is checked by the inspections and tests of the software architecture in\R.3.2.2 &

evaluating the software in accordance with R.3.3.

U.3

.3 Measures shall be provided to protect against hazards arising from the reception

messages from several sources simultaneously or sequentially.

Co

U.3

mpliance is checked by evaluation according to U.3.2.

.4 Remote communication shall not be enabled priof 10" authorization. Authorizat

shall be based on authentication. The authentication process shall use cryptograp

ted

Fo
the

Co

U.3

hniques to ensure the identity of both parties.

the purposes of this requirement, communication between two entities for preparation
authentication and authorization process is'not considered remote communication.

mpliance is checked by inspection of thé software.

.5 Measures shall be taken to prevent unauthorized access and to detect transmiss

fadlts/errors in the remote communication.

NO

Co

[E Examples of acceptable hardware-software measures are provided in Table U.1.

mpliance is checked by €valuation according to U.3.2.

nd

of

on
hic

of

on
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U.3.6 The safe operation of an appliance shall not depend on remote communication.

Compliance is checked by evaluation according to U.3.2. In case of doubt, remote
communication shall be rendered inoperative for the relevant tests of this standard.

U.3.7 Cryptographic techniques shall be implemented to provide data integrity protection
once authorization for remote communication is established.

The cryptographic techniques employed shall be part of the appliance including its
ac [SEP T TSSi iceitsgelf,
and shall be performed prior to transmission.

NOTE Examples of commonly accepted data integrity protection are defined and described in_ISO/IEC 9796,
ISQVIEC 9797, ISO/IEC 9798, ISO/IEC 10118, ISO/IEC 11770, ISO/IEC 14888, ISO/IEC 15946,.'ISO/IEC 18033,
ISQVIEC 29192, as well as ISO/IEC 19772.

Compliance is checked by inspection and review of technical documentation which proves
adherence to the commonly accepted data integrity protection methods)

U.3.8 Provisions shall be taken to ensure that software updates provided by the manufacturer
angl transmitted to the appliance via remote communication;shall be verified prior to|its
installation:

— |against corruption through communication;
— |that the software version is compatible with the appliance for which the software versjon
was designed.

Additionally, the software which performs the abeve-mentioned checks shall contain measufes
to ¢ontrol the fault/error conditions specified in\Table R.1.

Compliance is checked by evaluating the\software and the manufacturer’s version managemgnt
dotumentation in accordance with thezrelevant requirements of normative Annex R.

U.3.9 Permission for each installation of software in the appliance shall be given by the pergon
regponsible for the appliance.

User activation of a madé.that enables automatic software updates is permitted.

Compliance is chécked by inspection of technical documentation describing the permissfon
prdcedure or by‘\functional test.

U.3.10 The’installation of software shall not impair compliance with the requirements of this
standard during or after installation.

g : ) Il () £ : hr g Il s _r
CO nmpmnaricC 15 CITICUCACU Uy SUNWarc imispeCltorr darid 1Crevdriit tCotirry.
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Annex AA
(informative)

Summary of installation instructions

Table AA.1 provides a summary of installation instructions. For correct application of this
standard, the normative text in the referenced subclauses takes precedence over the summary
given in this annex.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HOUSEHOLD AND SIMILAR ELECTRICAL APPLIANCES -
SAFETY -

Part 2-96: Particular requirements for flexible

sheet heating elements tor room heating

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
pll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
Co-operation on all questions concerning standardization in the electrical and electronic_fields. To this end
n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repd
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). T
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
may participate in this preparatory work. International, governmental and non-goyerfimental organizations liai
with the IEC also participate in this preparation. IEC collaborates closely with.the International Organization
Standardization (ISO) in accordance with conditions determined by agreemgént-between the two organization

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

EC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are~-mfade to ensure that the technical content of
Publications is accurate, IEC cannot be held responsibie\for the way in which they are used or for
misinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
bny |IEC Publication and the corresponding natiomal-or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
pssessment services and, in some areas,;access to IEC marks of conformity. IEC is not responsible for
gervices carried out by independent certification bodies.

All users should ensure that they haye_the latest edition of this publication.

No liability shall attach to IEC or'its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the' correct application of this publication.

EC draws attention to the possibility that the implementation of this document may involve the use of
patent(s). JEC takes no position concerning the evidence, validity or applicability of any claimed patent righf
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), w
Mmay be'required to implement this document. However, implementers are cautioned that this may not repref
heslatest information, which may be obtained from the patent database available at https://patents.iec.ch.
Fhall not be held responsible for identifying any or all such patent rights.

ing
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pther damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fees) pnd

EC

Attention is drawn-to.the Normative references cited in this publication. Use of the referenced publicationg is

(a)
s in
nich
ent
EC

IEC 60335-2-96 has been prepared by IEC technical committee 61: Safety of household and
similar electrical appliances. It is an International Standard.

This third edition cancels and replaces the second edition published in 2019. This edition
constitutes a technical revision.

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

a) alignment with IEC 60335-1:2020;

b) conversion of some notes to normative text (Clause 1, 5.2, 7.12.101);

c) correction to reinstate the touch current limit in 22.105.
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The text of this International Standard is based on the following documents:

Draft Report on voting

61/7279/FDIS 61/7304/RVD

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

the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developéa

in

acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,availaple

at www.iec.ch/members_experts/refdocs. The main document types developed-by IEC
degcribed in greater detail at www.iec.ch/publications.

ist of all parts of the IEC 60335 series, under the general title: Hodsehold and sim
trical appliances — Safety, can be found on the IEC website.

el

This part 2 is to be used in conjunction with the latest editiom™of IEC 60335-1 and
amendments unless that edition precludes it; in that case, thé-latest edition that does

are

flar

its
not

preclude it is used. It was established on the basis of the sixth edition (2020) of that standayd.

NOTE 1 When "Part 1" is mentioned in this standard, it refers to IEC-60335-1.

This part 2 supplements or modifies the corresponding,clauses in IEC 60335-1, so as to cony

ert

that publication into the IEC standard: Particular requirements for flexible sheet heating
elements for room heating.

WHen a particular subclause of Part 1 is net\mentioned in this part 2, that subclause applies|as
far|as is reasonable. When this standard\states "addition", "modification" or "replacement", the
relevant text in Part 1 is to be adaptedraccordingly.

NOTE 2 The following numbering systém-is used:

— Ppubclauses, tables and figures.thatrare numbered starting from 101 are additional to those in Part 1;

— pnless notes are in a new sUbglause or involve notes in Part 1, they are numbered starting from 101, including

hose in a replaced clause-or subclause;

— |pdditional annexes are'tettered AA, BB, etc.
NOTE 3 The following print types are used:

— |requirements: in roman type;

— |test spécifications: in italic type;

— |notes: in small roman type.

Woitdstin bold in the te e defined in

associated noun are also in bold.
The following additional differences exist in the countries indicated below.

— 1: Flexible sheet heating elements that are cut on site are not allowed (France).

the

— 7.12.1 ¢): The instructions in timber floors shall state that the heating unit is to be covered

with additional insulation, be supplied through an isolating transformer, or be class Il
(Sweden).
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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.

NOTE 4 The attention of National Committees is drawn to the fact that equipment manufacturers and testing
organizations can need a transitional period following publication of a new, amended or revised IEC publication in

Wh'all W TTTanT PpTuouucLls 1T atLuruarivco WIillT T TITW TCTUUITTITITTILS allu U TUYUTY NTITToTIVE S TUT LzUIIUULzLIIIH 1" or
revised tests.

It is|{the recommendation of the committee that the content of this publication be adopted for implementation‘hationfally
not |earlier than 12 months or later than 36 months from the date of publication.
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INTRODUCTION

It has been assumed in the drafting of this International Standard that the execution of its

pro

visions is entrusted to appropriately qualified and experienced persons.

Guidance documents concerning the application of the safety requirements for appliances can
be accessed via TC 61 supporting documents on the IEC website

https://www.iec.ch/tc61/supportingdocuments

This information is given for the convenience of users of this International Standard and~dges

nof

Th

constitute a replacement for the normative text in this standard.

s standard recognizes the internationally accepted level of protection against"hazards sulich

as felectrical, mechanical, thermal, fire and radiation of appliances when operated as in normal
usg taking into account the manufacturer's instructions. It also covers abnertal situations that

can

ph¢nomena can affect the safe operation of appliances.

Th

is gompatibility with the wiring rules when the appliance is connected to the supply mai
Hoever, national wiring rules can differ.

If g
by
far
acq

Wh
Pa

NO
not
req

Th
pre

NO

app
for

An
cof
ha

be expected in practice and takes into account the way in which electromagn

s standard takes into account the requirements of IEC 60364 as.far as possible so that th

n appliance within the scope of this standard alsorincorporates functions that are cove
another part 2 of IEC 60335, the relevant part Zis applied to each function separately,
as is reasonable. If applicable, the influencel,0f"one function on the other is taken i
ount.

en a part 2 standard does not include additional requirements to cover hazards dealt with
t 1, Part 1 applies.

E 1 This means that the technical committees responsible for the part 2 standards have determined that
necessary to specify particular requirements for the appliance in question over and above the gen
lirements.

s standard is a product family standard dealing with the safety of appliances and tal
cedence over horizontal and generic standards covering the same subject.

[E 2 Horizontal publiecations, basic safety publications and group safety publications covering a hazard are|
icable since they have been taken into consideration when developing the general and particular requiremq
he IEC 60335«series of standards.

appliance that complies with the text of this standard will not necessarily be considered
nplywith the safety principles of the standard if, when examined and tested, it is found
ecother features which impair the level of safety covered by these requirements.

tic

red
as
nto

tis
eral

es

not
bnts

to
to

An appliance employing materials or having forms of construction differing from those detailed
in the requirements of this standard may be examined and tested according to the intent of the
requirements and, if found to be substantially equivalent, may be considered to comply with the

sta

ndard.

NOTE 3 Standards dealing with non-safety aspects of household appliances are:

IEC standards published by TC 59 concerning methods of measuring performance;
CISPR 11, CISPR 14-1 and relevant IEC 61000-3 series standards concerning electromagnetic emissions;
CISPR 14-2 concerning electromagnetic immunity;

IEC standards published by TC 111 concerning environmental matters.
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Flexible sheet heating elements are converted into heating units\that are incorporated in

bui
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Th
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HOUSEHOLD AND SIMILAR ELECTRICAL APPLIANCES -
SAFETY -

Part 2-96: Particular requirements for flexible
sheet heating elements for room heating

Scope

s clause of Part 1 is replaced by the following.

incorporated into floors and walls below 1,2 m and above 2,3 m and in ceilings, their ra
tage being not more than 250V for single-phase installations and) 480V for ot
fallations including direct current (DC) supplied appliances.

bntion is drawn to the fact that

in many countries, different wiring rules apply;

for heating units intended to be used in vehicles or on-board ships or aircraft, additio
requirements can be necessary;

in many countries, additional requirements are specified by the national authorities for

the national authorities responsible’for the protection of labour and similar authorities.
s standard does not apply to

heating units intended exclusively for industrial purposes;

heating units intended-to be used in locations where special conditions prevail, such
the presence of a.cocrosive or explosive atmosphere (dust, vapour or gas);

blankets, pads;-clothing and similar flexible heating appliances (IEC 60335-2-17);
foot warmersiand heating mats (IEC 60335-2-81);

heated ,earpets and for heating units for room heating installed under removable fl
coverings (IEC 60335-2-106);

flexible sheet heating elements incorporated in other appliances.

s part of IEC 60335 deals with the safety of flexible sheet heating elements intendeq to

ed
ner

the

Iding in accordance with the instructions after which the requifed level of protection against
hazards is achieved.

nal

fire

protection, the national authorities for building regulations, the national health authorities,

as

por

2

Thi

Normative references

s clause of Part 1 is applicable except as follows.

Addition:

IEC 60364-7-701, Low-voltage electrical installations — Part 7-701: Requirements for special

ins

tallations or locations — Locations containing a bath or shower

IEC 60884-1:2022, Plugs and socket-outlets for household and similar purposes — Part 1:

Ge

neral requirements
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ISO 3864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principles
for safety signs and safety markings

3 Terms and definitions
This clause of Part 1 is applicable except as follows.

3.1 Definitions relating to physical characteristics

3.1:9 I.V;Udllfl'bdtllull.
nofmal operation
Replace the first paragraph with the following:

ope¢ration of the heating unit after incorporation into the building in accordanee with the
insfructions.

flexible sheet heating elements and those that can supply other flexible sheet heating
elements are loaded so that the current marked on the flexible sheet-heating elements flqws
through the heating unit.

FI]:(ibIe sheet heating elements, the current of which can vary depending.,on the length of fhe

Hepting units for storage heating applications are charged for 75 % of the rated charging
period.

3.1].101
rated charging period
lonjgest uninterrupted charging period assigned to the heating unit by the manufacturer

Definitions relating to means of connection
3.21 Replacement:

supply leads
set| of wires intended for connecting the appliance to fixed wiring

Definitions relating to types of appliances

3.5.4 Addition:

Note 101 to entry: Heating-units are considered to be fixed appliances.

Notp«I\te entry: This definition does not preclude other methods of combining the insulation and resistajnce

3.5.102

heating unit

flexible sheet heating element equipped with means of connection to the supply and with
insulation surrounding live parts

Note 1 to entry: The heating unit can be partly or completely prefabricated.

3.5.103

modular heating unit

prefabricated assembly consisting of a heating unit and other materials to form a rigid
construction for mounting on a ceiling
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3.5.104
storage heating application
use of heating units to heat thermal accumulating material

Not

e 1 to entry: The heat is discharged naturally, the heat output being varied by adjusting the energy input.

3.6 Definitions relating to parts of an appliance

3.6.101
electrode

conductive part incorporated in_a flexible sheet heating element for supplying the heat
maﬁerial

Th

Th

5.2 Replacement:

In

Th

Th

Th
of

Th

Th
for

Ni

=

N

Ad

Th

General requirement

s clause of Part 1 is applicable.

General conditions for the tests

s clause of Part 1 is applicable except as follows.

jeneral, eight samples are required for the tests.
b tests of 13.3 and of Clause 15 and Clause 16 are carried out on one sample.
p tests of 18.101 and of Clause 30 are carried out on one sample.

p test of 21.102 is carried out on tworSamples. One of these samples is also used for the
P2.101.

p test of 22.103 s carried. outon one sample.

b remaining tests are ‘carried out on the sixth sample. The other two samples are requi
incorporating into.the test arrangement to create the necessary thermal environment.

e samples ofsumodular heating units are necessary for the tests of 11.2.102.
Hitional. samples are necessary if the tests of 18.102 are carried out.

p.fest of 22.105 is carried out on the same sample as that used for the test of 13.2.

ing

est

red

Two samples of the additional layer of material, of a size necessary to cover the heating unit,
are required if the test of 21.104 is carried out.

NOTE 101

units.

5.3

Addition:

The test of 22.105 is carried out after the test of 13.2.

Additional samples can be necessary if tests have to be repeated or for testing different sizes of heating
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5.6

Addition:

Thermostats sensitive to room air temperature or outdoor air temperature are short circuited.
However, the thermostat is not short circuited if it can be set so that it does not cycle.

5.1

0 Addition:

However, for flexible sheet heating elements that are cut on site, the tests are carried out
after connecting the supply leads and protecting the edges in accordance with the instructions.

5.1
to

Th

6.1

It i
rel

6.2

He

o)

—_

f

Th

7.1

Ins

01 Heating units intended to be installed in walls above a height of 2,3 m are subjec
he tests for installation in ceilings.

Classification
s clause of Part 1 is applicable except as follows.
Addition:

5 not necessary to classify heating units. However, if a~-heating unit is classified,
bvant requirements apply.

Addition:
ating units for installation in concrete or similar{imaterials shall be at least IPX7.

er heating units shall be at least IPX1.

Marking and instructions
s clause of Part 1 is applicablecexcept as follows.
Modification:

fead of the marking-of rated power input or rated current the following applies:

heating units shall be marked with their rated power input;

flexible_sheet heating elements without connection between adjacent elements shall
individually marked with their rated power input;

other)flexible sheet heating elements shall be marked with their rated power input

metre length.

fed

the

be

per

Flexible sheet heating elements shall be marked with their maximum current if

the current can vary depending on the length of the flexible sheet heating element;

other flexible sheet heating elements can be supplied through them.
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Addition:

Flexible sheet heating elements shall be marked with:

If t
sha

Th
or

the indication of orientation, unless heating units are symmetrical;

the intended installation (ceilings, walls between 0,2 m and 1,2 m and/or above 2,3 m, or

floors);
the heating mode (direct heating or storage heating), unless intended for both modes.

Il be marked with the symbol for installation in concrete or similar materials.

bn every section that can be cut to form a heating unit.

S, it

e marking shall be repeated at least once every 0,5 m of the flexible sheet heating element

Flexible sheet heating elements that can be cut on site and have to be cut-at)specified plages

shd

Ap
ma

7.6

[l be marked appropriately.

rked with the reference number or by other means of identification of the control.
Addition:
W . e
[symbol IEC 60417-6447 : . -
w (2021-01)] heating, direct ceiling
IEC
_ , [symbol IEC 60417-6446 . :
¢ w (2021-01)] heating, direct floor

IEC

[symbol IEC 60417-6448

(2021-01)] heating, floor storage

[symbol IEC 60417-6445

bliances with separate controls, without a control, or with detachable controls shall|be

(2021-01)] heating, wall
[symbol IEC 60417-6449 heating, installation in concrete
(2021-01)] or similar materials

These symbols are information signs and, except for the colours, the rules of ISO 3864-1 apply.
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7.12.1 Addition:

Instructions shall be provided. They shall include

a)
b)

d)

explanation of the marking and symbols, if necessary;

information for incorporating the heating units into the building, in particular the following:

e precautions to be taken to avoid damage during installation, such as dropping sharp

objects or stepping on the heating unit, or careless pouring of concrete;

e dimensions and distances to be taken into account;

o a statement that the heating units have to be separated from other heat sources SlIICh

as luminaires and chimneys;
o description of the fixing areas of the heating unit and the separate screen, iflapplical

e guidance on how to avoid air gaps between the flexible sheet heating element and
screed of concrete floors;

e guidance on how to avoid damage to a flexible sheet heating”element and|i

terminations in timber constructions due to relative movement after’installation;

o the lowest ambient temperature at which heating units-are recommended
installation;

e the minimum radius for bending the flexible sheet heating element, if applicable;

e a statement that heating units are not to be installed across expansion joints of
building or structure;

e a statement to ensure that attachment of room*fittings does not restrict heat emiss
from heated areas.

Except for modular heating units, the instructions shall include the following:
e precautions to be taken to avoid creasing the flexible sheet heating element;
o a statement that the heating unitis not to be installed on irregular surfaces;

e a description of the intended.Orientation and a statement that the heating unit is to
installed in this way (for heating units having non-symmetric construction);

a statement that national wiring rules can apply for the installation including the followin

le;
the

for

the

on

be

oF

o a statement that the heating units are to be supplied through a residual current devj

not be of théitime delayed type. Alternatively, except for installations in flo
surrounding swimming pools or walls below a height of 2,3 m, they may be suppl
through an:isolating transformer. This statement is not required for class lll heat
units_and for applications in

(RCD) having ayrated residual operating current not exceeding 30 mA. The RCD SFII

— limber floors provided that the instructions for installation state that there is to be
air gap between the heating unit and the floor;

~ timber ceilings;

ice

rs
ed

ng

an

— floors of concrete or similar materials in dry locations (dry locations are areas outs

ide

zone 3 as defined in IEC 60364-7-701) as long as the basic insulation and

additional electrical insulation each withstand the electric strength test of 16.3
reinforced insulation;

for

e how to connect heating units to the supply, giving the cross-sectional area of the leads,

if applicable;

e how to interconnect the heating units, giving the cross-sectional area of the leads, if

applicable;

e a statement that heating units shall be installed to avoid increasing the ambient

temperature of any existing electrical installation;

the maximum current allowed to flow through one heating unit when other units are suppl
through it or when the current can vary depending on its length;

ied
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list of controls, unless they are incorporated into the heating unit;

the maximum thermal resistance between the heating unit and the room;

g) the type of covering materials that are allowed to be used in conjunction with the heating
units with a statement that the advice of the manufacturer is to be requested before
materials other than those recommended are used; the thickness of covering materials,

which for floors shall be at least 5 mm;

h) characteristics of the thermal insulation that is to be inserted between separate heating

i)

units installed to heat a floor and the ceiling below it;

characteristics of the thermal insulation that is to be inserted between separate heating

)
k)

NO
Ann

71
col

a)

units installed to heat both sides of a wall;

specification of any adhesive to be used,;
contain the locations of the heating units;

space, a statement that a label giving this information is to be fixed to{the access poin
the ceiling;

in applications in timber floors, a statement indicating that heating units having ba
insulation only shall be covered by additional electrical insulation or supplied through
isolating transformer.

ex AA.

2.101 The instructions for applications in floors of’concrete or similar materials, includ
crete or similar materials laid on a timber floor,-0orunder tiles shall state that
a grid is to be installed above the heating.unit. The grid is to

e be protected against corrosion but notselectrically insulated,;

50 mm x 50 mm and a wire diameter of 1 mm, unless the grid covers
— class Il heating units;
— heating units installed with additional electrical insulation;

o fully cover the heating unit including the fixing areas. It can cover several heat
units;

e be connected-to earth;

e be fitted with terminals suitable for the connection of two conductors each havin
nominakeross-sectional area of 2,5 mm?2;

e be checked for electrical continuity during installation.
Thegrid is not required for

e class lll heating units;

a statement that a label is to be fixed adjacent to the distribution board and that it hag to

if the heating units are installed in a suspended ceiling, or are accessible”from the rpof

of

an

[E 101 A summary of particular installation requirements for different applications is given in informaitive

ing

e be electrically and mechanically gquivalent to a steel grid having a mesh not more than

ng

) a

o class Il heating units supplied through an isolating transformer;

o class Il heating units that are installed in dry locations (dry locations are areas outs
zone 3 as defined in IEC 60364-7-701) and are supplied through a residual curr
device (RCD);

o heating units installed in dry locations (dry locations are areas outside zone 3

ide
ent

as

defined in IEC 60364-7-701) if the basic insulation and additional electrical insulation

each withstand the electric strength test of 16.3 of reinforced insulation;

o heating units incorporating a metallic shield or braid having a resistance per unit len
equivalent to that of 0,5 mm? copper wire;

gth
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b) when the heating units have been positioned, they must be covered with an additional layer
of material for mechanical protection. If the heating units are placed on concrete, a similar
layer is to be inserted between the heating unit and the concrete. Adjacent layers are to
overlap and be fixed to each other. The layer is to extend up each wall to the surface level
of the screed. These statements are not required if

e screened insulated heating wires are covered with a sheath complying with 21.1083;
e the additional electrical insulation complies with the test of 21.102;

c) when heating units having basic insulation only, other than those supplied at safety
extra-low voltage, are provided with additional electrical insulation, this additional

Tsutation 15 1o be pfaced directty on the heating unit; J
ive

d) |[class Il heating units are to be installed at a distance of at least 30 mm from conducti
parts of the building, such as water pipes.

7.12.102 The instructions for applications in metallic ceilings or metallic floors, for heating
un|ts with basic insulation only, other than those supplied at safety extra-low, voltage, shall
state that

a) |the flexible sheet heating element is to be fully covered by the ceiling or floor;

b) |the metallic parts of the ceiling or floor are to be earthed. The dnstructions shall state that
they have to be fitted with terminals suitable for the connection of two conductors each
having a nominal cross-sectional area of 2,5 mm?2 and explain how the connection to fhe
earthing terminal is to be made to ensure a low resistance” The statements regarding the
need for earthing are not required if it is stated that a layer of additional electrical insulatjon
is to be installed between the heating unit and the.céiling. If this insulation is not providged,
the name of the manufacturer and reference of thefinsulation shall be given.

7.12.103 The instructions for applications on flaers where the heating units are to be covefed
by [tiles shall state that the heating units are<to)be covered by additional electrical insulatipn,
unless the heating units are class I, class {l,or class lll.

7.12.104 The instructions for flexible-sheet heating elements that can be cut on site shall
stafte that this work is only to be carried out by persons authorized by the manufacturer and
shall give information on how to

— |cut the flexible sheet heatihg elements;

— |protect the edges of the_flexible sheet heating elements;

— |connect the supply\leads to the interconnection leads and insulate the connections.

7.12.105 The instructions for heating units for storage heating applications shall spe¢ify
thel rated charging period.

7.12.106_“Unless heating units

— |incorporate a metallic shield or braid having a resistance per unit length equivalent to that

FaYa W~ 2 H
Ul U,o T COPY YTl WitTtc, Ul

— are of class lll; or

— consist of a base material on which metallically screened electrically insulated heating wires
are fixed and are for application in walls below a height of 1,2 m,

their instructions shall state that the heating units shall be of the type constructed with an
electrical conductive screen. The heating unit shall be installed so that the screen is towards
the covering material.

The instructions for heating units which are for application in walls below a height of 1,2 m and
with a separate electrical conductive screen shall state that the screen shall be placed between
the covering material and the heating unit.
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The instructions for heating units which are for application in walls, shall state that the heating
unit shall be installed:

between 0,2 m and 1,2 m above the floor; or
above 2,3 m above the floor.

The instructions for heating units which are for application in walls, shall include the substance
of the following:

The instructions for heating units with detachable protection circuit shall give |instructic
for|their installation.

7.114 Modification:

The test with petroleum spirit is not carried out.

Adition:

If dymbols are used relating to the intended installation-er heating mode, the superimpos

reg

71

OnJy the requirements for switches and caontrols are applicable.

71
ins

It shall state the substance of the following:

the screen is to be connected to the earthing conductor of the fixed installation;

[T the heating unit Is installed in an internal wall with the distance between the wall materj
less than 50 mm, the heating unit shall be installed so that the screen is towards the-\
covering material on both sides of the heating unit.

tangle shall have a height of at least 15 mm.

5 Modification:

01 A label that contains space fof the locations of the heating units to be listed by
faller shall be provided for each installation giving

the name, trademark or identification mark of the manufacturer or responsible vendor;
the model or type reference.

flexible sheet heating units are installed in the ceiling, wall, or floor, as applicable;

do not restrictthe thermal emission of the heated ceiling, wall or floor, as applicable;
do not affix materials other than those recommended;

do notiinsert nails, screws and do not drill in other than heating free areas;

thisdabel shall be fixed to or adjacent to the distribution board that supplies the heating u

als
all

ns

ed

the

nit.

If heating units are installed in walls below a height of 1,2 m, the label shall state the locations
of the heating free areas or heated areas.

Compliance is checked by inspection.

8

Protection against access to live parts

This clause of Part 1 is applicable.


https://iecnorm.com/api/?name=4928597c005a4c21046b5565129f777e

IEC 60335-2-96:2024 © |IEC 2024 -17 -

9 Starting of motor-operated appliances

This clause of Part 1 is not applicable.

10 Power input and current
This clause of Part 1 is applicable except as follows.

10.1__Addition:

The requirement also applies to the rated power input per metre length of flexible|sheet
heating elements.

11| Heating

This clause of Part 1 is applicable except as follows.
111 Addition:

The tests are carried out in a room that is maintained at an ambient temperature of 20 °C = 2 ['C.

11)2 Replacement:

~x

Hepting units intended to be installed in ceilings afe positioned in accordance with 11.2.10Q1.
Maodular heating units for suspended ceilings ‘are positioned in accordance with 11.2.102.
Hepting units intended to be installed-in*floors are positioned in accordance with 11.2.103.

Separate heating units intendedo heat a timber floor and the ceiling below it are positioned
in accordance with 11.2.104.

Hepting units intended to'be installed in timber walls below 1,2 m are positioned in accordafce
with 11.2.105.

Separate heating_units intended to heat both sides of a timber wall are positioned| in
acg¢ordance with\11.2.106.

Hepting units intended to be installed in walls or against walls of concrete or similar materijals
arg positioned in accordance with 11.2.107.

If a heating unit is provided with a thermostat having a separate sensor, the sensor is located
on the centre line of one of the adjacent heating units but at a minimum of 0,3 m outside the
area of the thermal insulation placed on the floor and at a minimum 0,3 m from the edge of the
heated area.

11.2.101 Heating units intended to be installed in a timber ceiling are placed in a test
framework, as shown in Figure 101. An area of at least 4 m? having a shorter dimension not
less than 2 m is covered by at least three heating units, the unit under test being placed in the
middle. The heating units are installed in accordance with the instructions, attention being paid
to where they can be located under parts of timber structures such as cross-members. The
upper side of the heating units is fully covered by a layer of thermal insulation having a thermal
resistance of approximately 5 m2K/W. The underside of the heating units is covered with the
most unfavourable material listed in the instructions.
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The test framework is suspended so that there is a space having a height of approximately
0,3 m above its upper surface and at least 1,56 m below the lower surface. The test framework
is surrounded by wooden boards extending approximately 0,2 m below its lower surface.

If the instruction for installation allows the use of gypsum boards as a covering material, an
additional test is carried out using this material.

Heating units intended to be installed in a metallic ceiling are installed in accordance with the
instructions.

11{2.102 Nine modular heating units are installed in accordance with the instructions. Tﬂ)ey
arg arranged in a three-by-three matrix, the heating unit under test being located in theieentre
as|shown in Figure 102. However, if a dimension of the matrix is less than 1,8 m, additional
heating units are installed. The upper surface of the matrix is fully covered wijth’a layen of
th{rma/ insulation so that the total thermal resistance above the flexible sheet heating
eldments is approximately 5 m2K/W. The insulation is positioned so that it is in full contact with
the top surfaces of the heating units.

The test framework is suspended so that there is a space having a-height of approximately
0,3 m above its upper surface and at least 1,5 m below its lower sufface. The test framework is
suffrounded by wooden boards extending approximately 0,2 m belew its lower surface and|up
to the ceiling of the room.

11J2.103 Heating units intended to be installed in a timbér floor are placed in a test framewprk,
as|shown in Figure 103. Heating units intended to be installed on top of a timber floor are
placed in a test framework as shown in Figure 1045An area of at least 4 m2 having a shofter
dimension not less than 2 m is covered by at least three heating units, the unit under test bejng
placed in the middle. Thermal insulation having.a'thermal resistance of approximately 5 m2K/W
is located below the heating units. The heating units are installed in accordance with fhe
insgructions for installation, attention being{paid to where they can be located over parts of fthe
] the
the
/ in
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materials are pIaced as shown in Figure 106 Heatlng unlts are /nstalled in accordance with
the instructions for installation, any specified additional electrical insulation being placed over
them. An area of at least 4 m2, having a shorter dimension not less than 2 m, is covered by at
least three heating units, the unit under test being placed in the middle. Thermal insulation
having a thermal resistance of approximately 2,5 m?2K/W is located underneath the heating
units. For heating units intended to be installed in concrete or similar materials, the thermal
insulation is supported by a dull black painted plywood board approximately 20 mm thick.
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The heating units are covered with the additional layer, if specified in the instructions. They
are then covered with a layer of concrete approximately 40 mm thick or the thickness stated in
the instructions, whichever is greater. Instead of pouring concrete, the concrete layer may
consist of concrete slabs 40 mm thick and having dimensions at least 500 mm x 500 mm, the
gaps between the slabs being filled with dry sand. If the heating unit is intended for a storage
heating application, the thickness of the concrete is increased to 80 mm. The concrete layer
is not included for heating units intended to be installed on top of a concrete floor. A grid is
included in the test arrangement if specified. The floor is covered with the most unfavourable
flooring material listed in the instructions for installation. There is a free space of at least 1,5 m
above the floor.

Thermal insulation may be used instead to represent the most unfavourable flooring materieL/.

A diece of thermal insulation having a thermal resistance of approximately 1,25 m2K/W is pla¢ed
on|the floor centrally across the heating units, as shown in Figure 105 and Figure 106. The
insulation has a length of 0,8 m and a width equal to that of the heating unit,

Palt of the thickness of concrete may be replaced by sand provided that the thermal resistance
is maintained.

Carle shall be taken to minimize air gaps in the floor and betweefi-the slabs of concrete.

In prder to measure the highest temperature rise of the floor{.it can be necessary to repeat the
testt with the covering material having the minimum thickness specified in the instructions.

ating units intended to be installed in metallic~floors are installed in accordance with fhe

11J2.104 Separate heating units intendeddo heat a timber floor and the ceiling below it are
installed in a test framework shown in Figure 107 in accordance with the instructions. An afea
t least 4 m? having a shorter dimension not less than 2,0 m is covered by two sets of at
leajst three heating units separated by thermal insulation. The heating units under test gpre
placed in the middle, one overythe other. The insulation has a thermal resistance| of
approximately 1,45 m2K/W unless a lower value is specified in the instructions. The other
details for the arrangement-ate as specified in 11.2.101 and 11.2.103 for timber constructiops.

11)2.105 Heating units ‘intended to be installed in timber walls below 1,2 m are placed ih a
test framework, as §hown in Figure 108. An area of at least 4 m2 having a shorter dimensjon
nol less than 2 m(is) covered by at least three heating units, the unit under test being pla¢ed
in the middle. . The heating units are installed in accordance with the instructions, attenfjon
being paid tolwhere they can be located under parts of timber structures such as cross-membgrs.

The side,» towards the room to be heated, of the heating units is covered with the mpost

a0 O a at1+o1—~A 9 SS1S EA"A“ZR, aop+o A ely

5 m2 K/W and which is held against the heating unit according to the instructions for installation.

Covering material is added even to the side of the wall without the heating units. No air gap is
to be left between the covering material and the thermal insulation.

The test framework is situated so that there is a space having a width of approximately 0,3 m
from its unheated surface and at least 1,5 m from the surface to be heated. The test framework
is surrounded by wooden boards extending approximately 0,2 m from the covering material.

A piece of thermal insulation having a thermal resistance of approximately 1,25 m?2 K/W is
placed against the wall towards the room centrally across the heating units, as shown in
Figure 108. The insulation has a length of 0,8 m and a width equal to that of the heating unit.
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If the instruction for installation allows the use of gypsum boards as a covering material,
additional test is carried out using this material.

an

Heating units intended to be installed in a metallic wall are installed in accordance with the

instructions.

11.2.106 Separate heating units intended to heat a timber wall on both sides are installed in

a test framework shown in Figure 109 in accordance with the instructions. An area of at le

ast

4 m2 having a shorter dimension not less than 2,0 m is covered by two sets of at least three
heating units separated by a thermal insulation. The heating units under test are placed in

thel middle, one opposite the other. The insulation has a thermal resistance of approximaiely

1,45 m2K/W unless a lower value is specified in the instructions. The test framework
sufrounded by wooden boards extending approximately 0,2 m from the covering matefial.
other details for the arrangement are as specified in 11.2.101 and 11.2.103 \for tim
constructions.

against one of the walls centrally across the heating units, as shown,in Figure 109.
insulation has a length of 0,8 m and a width equal to that of the heating unit.

11J2.107 Heating units intended to be installed in a wall of comerete or similar materials

placed as shown in Figure 110. Heating units intended to be jnstalled against a wall of concr
similar materials are placed as shown in Figure 114<{Heating units are installed|
ordance with the instructions for installation, any spekcified additional electrical insulaf
g placed against them. An area of at least 4 m?, Hiaving a shorter dimension not less tH
, is covered by at least three heating units, the<uhit under test being placed in the mid
rmal insulation having a thermal resistance of<approximately 2,5 m2K/W is located on

k side of the heating units. For heating units-intended to be installed in concrete or sim
erials, the thermal insulation is supported by a dull black painted plywood bo
roximately 20 mm thick.

iece of thermal insulation having a thermal resistance of approximately 0;9 m2K/W is pla¢

is
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heating units are covered withthe additional layer, if specified in the instructions. T
then covered with a layer of concrete approximately 40 mm thick or the thickness state
instructions, whichever is greater. Instead of pouring concrete, the concrete layer

ey
in
ay

sist of concrete slabs 40 mm7 thick and having dimensions at least 500 mm x 500 mm, fthe
s between the slabs being filled with fine grain concrete. If the heating unit is intended|for
torage heating application, the thickness of the concrete is increased to 80 mm. The
crete layer is not included for heating units intended to be installed against a concrete wiall.
rid is included._(in)the test arrangement if specified. The wall is covered with the mjpst
avourable covering material listed in the instructions for installation. There is a free space
t least 1,5 m\from the wall. The test framework is surrounded by wooden boards extendjng
roximately 0,2 m from the covering material.

Carle shall be taken to minimize air gaps in the wall and between the slabs of concrete.

1

.7 Modification:

Replace the first paragraph with the following:

Heating units are operated until steady conditions are established.

Heating units for storage heating applications are operated as specified for normal
operation or until the charging control operates for the first time if this occurs first.

1

.8 Addition:

The temperature rise of surfaces shall not exceed the values shown in Table 101.
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Table 101 — Temperature rise limits for surfaces

Part Temperature rise
K
Floor surface, 5 cm outside the edge of the piece of thermal insulation 222
Wood of the test framework 60
Surface of the flexible sheet heating element and additional electrical insulation® -

a

For storage heating applications, the temperature rise may be up to 4 K higher for a period not exceeding

3 h.

No temperature rise limit is specified. However, the temperature has to be determined in order that other.teq
of the standard can be carried out.
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Charging of metal-ion batteries

s clause of Part 1 is applicable.

Leakage current and electric strength at operating temperature
s clause of Part 1 is applicable except as follows.
1 Addition:

b heating units are installed as specified in 11°2, the most unfavourable covering mate
h respect to its electrical insulation characteristics being used.

b concrete shall be fully dry before the’test.
2 Addition:

b value specified for class 0-appliances applies to heating units having basic insulat
.

b value specified forelass Il appliances applies to heating units intended to be insta
a conductive surface and those covered by concrete or similar materials.

he heatingyunit is intended to be installed on a conductive surface or covered by concr
similar maferials, any additional electrical insulation specified in the instructions is place
Sition.

rial

on

ed

pte
iy in

Gr

ds.dnd screens of insulated heating wires are disconnected from earth.

The metal foil is placed on accessible surfaces. It is connected to the metal support of the test
arrangement when testing modular heating units. The metal foil is not brought into contact
with the terminations of grids or screens of insulated heating wires.

13.

3 Modification:

The test is carried out directly on a heating unit and additional electrical insulation. The test
voltage is applied after they have been conditioned for a period of 1 h at the temperature
determined during the test of Clause 11.
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Transient overvoltages

s clause of Part 1 is applicable.

15 Moisture resistance

This clause of Part 1 is applicable except as follows.
15.1__Addition:

The test is carried out directly on a heating unit.
15]11.1 Addition:

IPX7 heating units are immersed for 72 h.

15,

1.2 Replacement:

He
in
is 1
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ting units, other than IPX7 heating units, are placed horizéntally on a perforated supf
ccordance with IEC 60529, taking into account the marking of orientation. If the orientaf]
ot marked, they are tested in both positions.

3 Modification:

b fest is carried out directly on a heating unitand additional electrical insulation.

Leakage current and electric strength
s clause of Part 1 is applicable except as follows.
1 Modification:
b fests are carried out directly on a heating unit and additional electrical insulation.
2 Addition:
b value specified for class 0 appliances applies to heating units with basic insulation o

p value-specified for class Il appliances applies to heating units intended to be insta
a conductive surface or covered by concrete or similar materials.

ort
jon

ed

If the heating unit is intended to be installed on a conductive surface or covered by concrete
or similar materials, any electrical insulation specified in the instructions is placed in position.

16.

3 Addition:

The values specified for class 0 appliances apply to heating units with basic insulation only.

The values specified for class Il appliances apply to heating units intended to be installed on

ac

onductive surface or covered by concrete or similar materials.

If the heating unit is intended to be installed on a conductive surface or covered by concrete
or similar materials, any electrical insulation specified in the instructions is placed in position.
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For heating units with basic insulation only, other than those supplied at safety extra-low
voltage, that are provided with additional electrical insulation for application in floors of
concrete or similar materials, each insulation shall withstand the test voltage specified for
reinforced insulation.

For heating units with basic insulation only, other than those supplied at safety extra-low
voltage, that are provided with additional electrical insulation for application in metallic ceilings,
this additional insulation shall withstand the test voltage specified for supplementary
insulation.

Fof heating units with basic insulation only, other than those supplied through an isolating
trahsformer, that are provided with additional electrical insulation for application in timberflogrs,

this

17| Overload protection of transformers and associated circuits

This clause of Part 1 is applicable.

18| Endurance
This clause of Part 1 is applicable except as follows.

18101
int¢grconnection leads shall be reliable.

Compliance is checked by the following test.

additional insulation shall withstand the test voltage specified for supplémentary
ingulation.

The connections from the flexible sheet heating element to the supply leads and to

The heating unit is placed in a heating cabinet at a temperature of 20 °C + 2 °C and is supplied
with a voltage so that the current is-gqual to the value marked on the flexible sheet heat{ng
element or to the rated current,~as applicable. The voltage drop at each connection is

mejasured.

The length of the heating unit shall be as short as possible but not less than 0,5 m. The heating

unjt is not moved after it-has been placed in the cabinet.

If the connectionsare‘made by using crimp connectors, the voltage drop measurement is carrjed
oull between the supply lead and the connector as well as between the connector and fhe
flexible sheet-heating element. The measuring points are as close as possible to fhe

connections:

The heating unit is heated in cycles. Each cycle has a duration of 1 h and comprises

— a period of 30 min, during which

the heating unit is supplied with the voltage that was applied when the voltage drop
was measured;

for the first 20 min, the temperature of the heating cabinet is raised to 85 °C or to the
temperature of the flexible sheet heating element determined during the test of
Clause 11, whichever is lower;

for the last 10 min, the temperature of the heating cabinet is maintained within 5 K of
this temperature;

— a period of 20 min, during which the temperature is lowered to approximately 30 °C;

— a stabilization period of 10 min.
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The temperature in the heating cabinet is measured at a distance of at least 50 mm from the
heating unit. Forced cooling may be used.

The test is carried out for 400 cycles. The temperature of the heating cabinet is then reduced
to 20 °C = 2 °C and the voltage drop at each connection is measured again.

The voltage drop shall not exceed 22,5 mV or 1,5 times the first value measured, whichever is
lower.

After the test, inspection shall show no damage to the extent that compliance with this standard
is impaired.

18102 The electrical connections between the resistance material and electrodes.of\flexible
sheet heating elements shall be reliable.

Compliance is checked by tests that are carried out on two heating units, each having a length
exg¢eeding 1 m.

Ong heating unit is subjected to the test of 18.102.2 after which it iS subjected to the test of
18)102.5. The other heating unit is subjected to the tests of 18.102-1 to 18.102.5.

After the tests, the voltage drop of the second heating unit determined at the location where
bending is applied during the tests of 18.102.2, shall not exceed 1,5 times the voltage drop that
wap determined on the first heating unit. In addition, the)average voltage drop determined at
the other locations of the second heating unit, shall-not exceed 1,5 times the average voltage
drdp of the first heating unit.

Inspection shall show no contact degradation’stich as pitting under the electrodes or damage
adjacent to the electrodes.

18]102.1 The heating unit is wound®©n a cylindrical mandrel having a diameter equal to twlice
thee minimum radius for bending the flexible sheet heating element specified in the instructions
andl then unwound. This is repeated with the other face of the flexible sheet heating element
against the mandrel.

The test is carried out threé times.

If the instructionsstate that the heating unit is only to be wound in one direction, the tesf is
caffried out six times in this direction.

18{102.2 (Part of the heating unit is held between two boards 100 mm thick and of a gize
neg¢essary-to fully cover the width of the flexible sheet heating element. One pair of edges of
theg boards is rounded with a radius of 50 mm.

The assembly is placed in an ambient temperature of —5 °C or the lowest ambient temperature
specified for installation, whichever is lower. When the flexible sheet heating element has
reached this temperature, its free end is bent over the rounded edges of the boards. It is bent
through an angle of 180° and back to its normal position, in both directions. This bending
operation is carried out three times.

18.102.3 The heating unit is placed in a humidity cabinet having a relative humidity of
80 % + 5 % and a temperature of 40 °C + 2 °C. It is supplied at rated voltage and operated for
1 h after which the supply is switched off for 1 h.

The test is carried out for 1 000 cycles.
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18.102.4 The heating unit is subjected to the test of 18.101 which is carried out for
2 000 cycles. However, the voltage drop and inspection for damage is not determined.

18.102.5 The heating unit is placed on a horizontal surface and supplied at rated voltage. A
needle is inserted into the resistance material of the flexible sheet heating element at an
angle of 45 ° and at a distance of 5 mm from the inside edge of the electrode.

Any conductive material between the electrode and the resistance material is considered to be
part of the electrode. A jig such as that shown in Figure 112 may be used to locate the needle.

Th
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b voltage (U,,) between the needle and the supply connection to the electrode is measur
mpensation for the voltage drop in the electrode itself is allowed.

b voltage drop (AU) at the contact is determined from the following formula:

50,
AU =Up, df

ere
is the voltage measured between the needle and the supply connection to the electro
is the rated voltage of the heating unit;

is the distance, in millimetres, between the~inside edges of the electrodes. If
conductive path is not perpendicular to the ®electrodes, the distance is measured alq
the centreline of the path.

b voltage drop is determined at the location where bending is applied during the test
102.2. It is also determined at not less-than six other locations and the average valug
culated.

b Jocation of the test points maybe selected with the aid of thermal imaging equipment.
103 The resistance of the-heating unit shall not decrease significantly during use.
mpliance is checked\by the following test.

b heating unit-is placed in a heating cabinet having a temperature 5 K higher than

temperature onthe surface of the flexible sheet heating element determined during the {
of Clause 11

Aftersa-period of 2 h, the resistance of the heating unit is measured. The resistance
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sured again at intervals not exceeding 72 h. The heating unit is left in the heating cabi

het

for 3 000 h. During the test, the resistance of the heating unit shall not decrease by more than
5 % below the value measured after the initial period of 2 h.

19

Thi

19.

Abnormal operation
s clause of Part 1 is applicable except as follows.

2 Addition:

For ceiling applications, a piece of thermal insulation having a thermal resistance of
approximately 0,9 m2K/W is held against the ceiling covering material and located centrally
across the heating units. It has a length of 0,8 m and a width equal to that of the heating unit.
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For wall applications, a piece of thermal insulation having a thermal resistance of approximately
1,45 m2K/W is held against the wall covering material and located centrally across the heating
units. It has a length of 0,8 m and a width equal to that of the heating unit.

For wall applications, if the heating unit is intended to be installed on both sides of a wall, a
piece of thermal insulation having a resistance of approximately 1,45 m2K/W is held against the
wall on both sides and located centrally across the heating units. It has a length of 0,8 m and
a width equal to that of the heating unit.

For floor applications, the thermal resistance of the piece of thermal insulation placed on the
flogr is increased to approximately 1,45 m2K/W and is placed in the most unfavourable pasitipn.

For storage heating applications, the heating units are charged for the rated charging
period.

1913 Addition:

The temperature rise of the floor and the wood of the test framework shall not exceed 150 K.

20| Stability and mechanical hazards

This clause of Part 1 is not applicable.

21| Mechanical strength

This clause of Part 1 is applicable except as foNows.

211 Addition:

The blows are only applied to rigid parts of the heating unit.

Hepting units are subjected tothe tests of 21.101.

Hepting units intended to be installed in floors are also subjected to the test of 21.102.

Hepting units incorporating insulated wires intended to be installed in floors are also subjecfed
to the test of 21%103.

The additional layer of material covering heating units in floors of concrete or similar materials,
or under tiles, is subjected to the test of 21.104.

Thesetestsare notappticabteto-modutar-heatingunits:

21.101 Part of the flexible sheet heating element is held between two boards 100 mm thick
and of a size necessary to fully cover the width of the flexible sheet heating element. One
pair of edges of the boards is rounded with a radius of 50 mm.

The assembly is placed in an ambient temperature of =5 °C or the lowest ambient temperature
specified for installation, whichever is lower. When the flexible sheet heating element has
reached this temperature, its free end is bent over the rounded edges of the boards. It is bent
through an angle of 180 ° and back to its normal position, in both directions. This bending
operation is carried out three times.
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The heating unit shall then withstand the electric strength test of 16.3 and shall not be damaged
to such an extent that compliance with this standard is impaired.

21.102 This test is carried out on two heating units. The heating unit is placed on a
horizontal steel plate having a smooth surface and the surface of the flexible sheet heating
element is scratched by means of a hardened steel pin, the end of which has the form of a
cone with an angle of 40°. Its tip is rounded with a radius of 0,25 mm £ 0,02 mm. The pin is
loaded so that the force exerted along its axis is 10 N £+ 0,5 N for applications in floors of
concrete and similar materials and 5 N £+ 0,5 N for applications in other floors. The scratches
are made by drawing the pin along the surface at a speed of approximately 20 mm/s. The pin
is

Three scratches, at least 50 mm apart, are made on both sides of one flexible sheet/heating
element. They are made parallel with the length of the heating unit and at least. 10 mm from
ong¢ of the edges. The length of the scratches is approximately equal to the widthcofithe heating
unjt. If the flexible sheet heating element incorporates electrodes, one of the scratche$§ is
e along one of the electrodes.

similar scratches are made across the full width on both sides of{the other flexible sheet
heating element.

The heating unit shall then withstand the electric strength test of 16.3.

211103 The part of the heating unit containing an insujated heating wire is placed on a rigid
stelel plate. A steel rod, 6 mm in diameter, is placed acroSs the heating wire so that it is only in
contact in one location.

A fprce is applied to the rod for 30 s and has a-value of

— |600 N, for heating units for applications-in floors of concrete;
— |300 N, for heating units for other flgor applications.

The force is applied to five different Tocations at least 50 mm apart.

The heating unit shall then.withstand the electric strength test of 16.3. If the insulated heatjng
wire contains more than one conductor, the test for basic insulation is also carried out betwegen
theg conductors.

If the heating unit contains screened insulated wires covered by a sheath, the test for bapsic
ingulation is also-carried out between the conductors and the screen.

There shall.be no penetration of the sheath.

211104, A sample of the additional layer of material is placed on a horizontal steel plate havjng
as llUUtILI bulfdbb‘ dllul I'O Obldtb;IUd by nrecdarro Ufcl IIICJIU’C'IH:'UI OtGGl’ [Jl'll, tl’lG l:'llu’ Uf VVI‘II'bl‘l l‘ldb he
form of a cone with an angle of 40°. Its tip is rounded with a radius of 0,25 mm + 0,02 mm. The
pin is loaded so that the force exerted along its axis is 10 N = 0,5 N for applications in floors of
concrete and similar materials and 5 N £ 0,5 N for other applications. The pin is held at an angle
of 80° to 85° to the horizontal and scratches are made by drawing the pin along the surface at
a speed of approximately 20 mm/s.

Three scratches are made at least 50 mm apart. Scratches shall be at least 10 mm from one of
the edges. The length of the scratches is approximately equal to the width of the heating unit.

Similar scratches are made on the second sample, but at right angles to the direction of the
scratches on the first sample.
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There shall be no penetration of the material.
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Construction

s clause of Part 1 is applicable except as follows.

101 The means of connection to the supply shall be securely fixed to the flexible sheet
heating element.
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elegment shall not affect the material of the flexible shéet heating element.
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mpliance is checked by the following test which is carried out on two heating units.

) mm length of flexible sheet heating element together with the supply leads hang o
edge of the surface. The free length of the supply leads is approximately 300 mm.

brce of 60 N is applied without jerks to each supply lead for 1 min. The_ test is repeated a
pst period of 1 min.

bre shall be no damage to the lead, connection or flexible sheet.heating element impair
npliance with this standard. The heating unit shall withstan@ the electric strength tes
3.

102 The insulation covering the connections and thé edges of the flexible sheet heat

mpliance is checked by the following test.

b heating unit is placed in a cabinet at a‘temperature of 80 °C or 45 °C plus the temperat
b determined during the test of Clause™11, whichever is higher. The test is carried out
5 h.

or the heating unit has cooled”down to room temperature, it shall withstand the elec
bngth test of 16.3.

reliably bonded together. However, if the heating units are for application in a floon
crete or similar-materials, only the edges of the flexible sheet heating element have to

mpliance is checked by the following test.

p sets’ of three samples having dimensions of approximately 15 mm x 150 mm are cut fn

b heating unit is laid flat on a horizontal surface and held in position so that approximafely
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103 The sheets of electrical insulation of laminated flexible sheet heating elements shall

of
be

om

an

ew flexible sheet heating element. The samples for each set are taken from the edge 4

nd

from the heating surface both perpendicular and parallel to an edge. For applications in floors
of concrete or similar materials, the set consists of one sample that is cut from the edges.

One set is placed for 336 h in a heating cabinet corresponding to the temperature of the flexible
sheet heating element determined during the test of Clause 11.

The layers of insulation are then separated at one end of each of the samples and attached to
the clamps of a tensile machine in turn.

If it is not possible to separate the layers, specially prepared samples may be used.

The clamps are separated at a rate of 250 mm/min £ 50 mm/min.
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The bond strength of each sample shall be at least 1,5 N.

The average bond strength of the conditioned samples shall be not less than 80 % of the
average bond strength of the unconditioned samples.

22.104 Connecting devices fitted to supply leads and interconnection leads shall be of
class Il construction. It shall not be possible to separate them without the aid of a tool.

Compliance is checked by inspection.

221105 Heating units of class Il construction intended to be installed under floors in dalnp
locptions shall not subject the user to excessive capacitive currents.

Hepting units having basic insulation only, but covered with additional electrieal insulatipn,
arg considered to be class Il construction.

Compliance is checked by the following test. However, the test is mof “carried out if fhe
instructions for installation specify that an air gap is required between the heating unit and the
flogr.

200 mm x 100 mm through the measurement instrument shown in Figure 113. The surfacq of
the floor directly above a heating unit is covered with 0,25 Mof water containing approximately
1 % NaCl and left for 2 h. The metal foil is placed on the wet surface and the heating units are
supplied at 1,06 times rated voltage.

The grid is connected to earth and to a metal foil having an area approxima%e/y

The capacitive current shall not exceed 0,25 mA:

221106 Heating units other than class Il *heating units for wall installations below a height
of 1,2 m, shall be fitted with an earthed\conductive screen which is laminated with electrical
insulation or shall be provided by the mianufacturer of the heating unit with a separate earthed
conductive screen which is laminated with electrical insulation.

The¢ conductive screen shallcincorporate a terminal or wire that enables the screen to|be
connected to the protective'conductor of the electrical installation.

The conductive screen:shall fully cover the current carrying parts of the flexible sheet heating
element.

Hepting units.other than class Ill heating units for wall installations below a height of 1,2 m
shall incorporate or be delivered with a protection circuit that disconnects both poles of the
supply within one cycle of supplyfrequency when the flexible sheet heating element insulatjon
is penetrated.

The protection circuit shall not automatically reset or automatically reconnect the supply when
the penetrating object is removed.

Compliance is checked by inspection and by the test of 22.106.1. Electrically insulated tools
shall be used when the voltage is applied to the sample.

22.106.1 The appliance is supplied at rated voltage. An attempt is made with a steel pin with
a diameter of 1 mm, to touch the flexible sheet heating element in three locations. A suitable
supporting surface which allows the pin to penetrate through the surface shall be used in order
to ensure that the current carrying part of the flexible sheet heating element can be touched
with the pin.
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If contact with the current carrying part of the flexible sheet heating element is made, a
protection circuit shall operate to give all pole disconnection of the flexible sheet heating

ele

ment within one cycle of the supply frequency.

When the test pin is removed from the contact with the current carrying part of the flexible
sheet heating element, a manual operation shall be required to re-energize the flexible sheet
heating element.

If the protection circuit does not rely on a connection to the supply system protective earth to
cause its operation,

If

meftal foil, to cause its operation and if the conductive layer does not\comply with

req
fro
cof

23

Th

24

Th

24

Co

24

ins

Co

Co

the voltage on the test pin prior and during detection shall not be greater than 24 V, \anqg

the maximum current through the test pin shall not exceed 5 mA, when measured{to eg
or any of the supply conductors.

he protection system relies on contact with a conductive layer, such as_metal braiding

uirements for accessible metal parts of 27.5, then the conductive layer shall be insula
m live parts by reinforced insulation or double insulation and &€ covered by a she
nplying with the requirements for basic insulation.

Internal wiring

s clause of Part 1 is applicable.

Components

s clause of Part 1 is applicable except asCfollows.

mpliance is checked by inspection.

fructions for installation so they can be obtained separately.

mpliance is checked by inspection.

rth

or
fhe
fed
ath

101 Thermal cut-outs that are necessary for compliance with Clause 19 shall be non-self-
regetting with a trip-free mechanism,

102 Controls and othér components necessary for the heating unit to comply with this
standard shall be supplied with the flexible sheet heating element or specified in

the

htrols and,other components necessary for the heating unit to comply with 22.106 of this
standard shall be supplied with the flexible sheet heating element.

25

Thi

25.

Supply connection and external flexible cords
s clause of Part 1 is applicable except as follows.

3 Replacement:

Heating units, other than those that can be cut on site, shall incorporate one of the following

me

ans for permanent connection to fixed wiring:

a set of terminals, or
a set of supply leads, or

a supply cord.
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Heating units that can be cut on site shall be supplied with a suitable means for connection to
the supply mains. Supply leads shall be double insulated or fitted with insulating sleeves. The
sleeves shall be at least 300 mm long and have a thickness corresponding to that of a sheath
of a supply cord (code designation 60245 |IEC 53).

Compliance is checked by inspection.
25.5 Modification:

Type Z attachment is allowed

26| Terminals for external conductors

This clause of Part 1 is applicable except as follows.

261 Addition:

Hepting units shall not incorporate screw-type terminals.

265 Modification:

This requirement applies to all terminals to which connections are made during installation.
2611 Addition:

This requirement also applies to heating units.fitted with supply leads.

27| Provision for earthing
This clause of Part 1 is applicable-except as follows.
271 Addition:

Components provided for-the reduction of capacitive currents, and which are earthed, are hot
considered to provide,provision for earthing.

28| Screws.and connections

This clause of Part 1 is applicable.

29 Clearances, creepage distances and solid insulation
This clause of Part 1 is applicable except as follows.
29.1 Modification:

Modular heating units are in overvoltage category Il. Other heating units are in overvoltage
category Ill.
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3 Modification:

There are no dimensional requirements for the insulation of heating units or additional

ele

29.

ctrical insulation.

3.2 Addition:

For class Il heating units, there shall be two layers of insulation on the flexible sheet heating
element and each of these layers shall withstand the electric strength test of 16.3 for reinforced

ins
str

30

Th

30.

Th

Th
de

30.

Th
sin

30,

Th

31

Th

32

Th

bngth test of 16.3 for reinforced insulation.

Resistance to heat and fire
s clause of Part 1 is applicable except as follows.
1 Addition:
p test is not applicable to flexible sheet heating elements.

p tests of IEC 60884-1:2022, 25.1 and 25.4, are applicable to’the flexible parts of connect
ices.

2 Modification:

b requirement is not applicable to heating_ units intended for applications in concrete
ilar materials.

2.3.1 Modification:

s subclause is not applicable to.flexible sheet heating elements.

Resistance to rusting

s clause of Part 1.js-applicable.

Radiation;toxicity and similar hazards

s clause of Part 1 is applicable.

fric

ing

or
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Figure 101 - Arranq\é}nent for testing heating units in timber ceilings
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