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Preface (UL)

This UL Standard is based on IEC Publication 60065: Eighth Edition, Audio, video and similar electronic
apparatus — Safety requirements. IEC publication 60065 is copyrighted by the IEC.

The text, figures and tables of IEC Publication 60065, Audio, video and similar electronic apparatus —
Safety requirements, copyright June 2014, are used in this Standard with the consent of the IEC and the
American National Standards Institute (ANSI). The IEC copyrighted material has been reproduced with
permission from ANSI. ANSI should be contacted regarding the reproduction of any portion of the IEC
material. The IEC Foreword and Introduction are not a part of the requirements of this Standard but are
included for information purposes only. Copies of IEC Publication IEC Publication 60065 may be
purchased fiom ANSI, 11 West 42nd Street, New York, New York, 10036, (212) 642-4900.

Note|- Although the intended primary application of this Standard is stated in its Scope; it is important to note
that it remains the responsibility of the users of the Standard to judge its suitability for-their particular purpose.
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GENERAL

NATIONAL DIFFERENCES

National Differences from the text of International Electrotechnical Commission (IEC) Publication IEC
60065, Audio, video and similar electronic apparatus — Safety requirements, copyright 2014, are indicated

by notations

next to the clause, sub-clause, Table, Figure or Annex number.

There are four types of National Differences in this Standard as noted below.

DU - These are National Differences which are either (1) based on basic safety principles and

requiremen
or (2) based
requirement

DC - Theseg
a particular

DE - These

DR - These

National Dif

necessitate

fined-out. Te

Preface and

ks, elimination of which would compromise safety for U.S. consumers and users
on safety practices, where the IEC requirements may be acceptable, but @doj
5 would require considerable retesting or redesign on the manufacturer's'part.

are National Differences based on the component standards and.will not be
fomponent standard is harmonized with the IEC component stapdard.

are National Differences based on editorial comments or.corrections.

are National Differences based on the national regufatory requirements.
erences have been incorporated into the body<of the standard. If National
the deletion of the IEC 60065 text, the IEC.60065 text has been retained b

xt added as a result of National Differences*has been underlined. Text adde
UL Foreword is not underlined.

of products,
ting the IEC

deleted until

Differences
ut has been
d as the UL
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

AUDIO, VIDEO AND SIMILAR ELECTRONIC APPARATUS - SAFETY REQUIREMENTS
FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Stprdeards—Fechnical-Speeifications—Feehnical-Repeoris—PublielyAvaitable-Speeifications{PASand-Guides (hereafter
referred to as “|EC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and nongovernmeéntal organizations
liaising with tHe IEC also participate in this preparation. IEC collaborates closely with the International Qrganization for

Standardization| (ISO) in accordance with conditions determined by agreement between the two orgafizations.

2) The formal|decisions or agreements of IEC on technical matters express, as nearly as possible, an internationfl consensus of
opinion on the felevant subjects since each technical committee has representation from all‘interested IEC Nationa] Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National Copnmittees in that
sense. While all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate] IEC cannot be
held responsiblg for the way in which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committeésundertake to apply IEC Publications transparently to the
maximum extept possible in their national and regional publications. Any divergence between any IEC Publlcation and the
corresponding mational or regional publication shall be clearly indicated in the latter.

5) IEC itself gloes not provide any attestation of conformity. Independent certification bodies provide conformlity assessment
services and, i some areas, access to IEC marks of canformity. IEC is not responsible for any services carried out by independent
certification bodies.

6) All users should ensure that they have the Jatest edition of this publication.

7) No liability shall attach to IEC or-its\directors, employees, servants or agents including individual experts and|members of its
technical comnjittees and IEC Natignal Committees for any personal injury, property damage or other damagg of any nature
whatsoever, whether direct or_indirect, or for costs (including legal fees) and expenses arising out of the publicgtion, use of, or
reliance upon, this IEC Publjcation or any other IEC Publications.

8) Attention is| drawn‘to the Normative references cited in this publication. Use of the referenced publications is irjdispensable for
the correct application of this publication.

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

International Standard IEC 60065 has been prepared by IEC technical committee 108: Safety of electronic
equipment within the field of audio/video, information technology and communication technology. It has
the status of a group safety publication in accordance with IEC Guide 104.

This eighth edition cancels and replaces the seventh edition published in 2001 including its Amendment
1 (2005) and Amendment 2 (2010). It constitutes a technical revision.
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1

The principa

| changes in this edition as compared with the seventh edition are as follows:

— new requirements for wall and ceiling mounting means;

— new requirements for coin / button cell batteries;

— all notes

have been reviewed to comply with the new directives;

— addition of requirements for LEDs;

— requirements for creepage distances are aligned with IEC 60950-1;

change i

The text of t

Full informa
indicated in

This publica
In this stand
— requirem
— complian
— notes/ex
— normativ
— terms de

The commit

unchanged (intil the stability date indicated on the IEC web site under ”http://webstore.iec.ch

related to th

e reconfirm

N optocoupler requirements.

his standard is based on the following documents:

FDIS Report on voting
108/523/FDIS 108/541/RVD

ion on the voting for the approval of this standard can be’found in the repd
he above table.

ion has been drafted in accordance with the ISOAEC/Directives, Part 2.
ard, the following print types or formats are used:

ents proper and normative annexes: in roman type;

ce statements and test specifications? italic type;

blanatory matter: in smaller roman typ&;

b conditions within tables: in smaller roman type;

fined in Clause 2:~SMALL CAPITALS.

ee has decided that the contents of the base publication and its amendment
b specific)publication. At this date, the publication will be

ed,

rt on voting

5 will remain
” in the data

e withdrawn,

* replaced

e amended

by a revised edition, or
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General

INTRODUCTION

Principles of safety

This introduction is intended to provide an appreciation of the principles on which the requirements of this
standard are based. Such an understanding is essential in order that safe apparatus can be designed and

manufactured.

The requirenents of this standard are iniended 10 provide protection 1o persons as well as to the
surrounding$ of the apparatus.

Attention is |drawn to the principle that the requirements, which are standardized,”are the minimum
considered necessary to establish a satisfactory level of safety.

Further deveglopment in techniques and technologies may entail the need for future modifi¢gation of this

standard.

NOTE The ex
of the natural ¢
manufacturing,
Hazards

The applicat
electric s

excessiv

radiation

mechani
fire;

chemical

implosion;

pression “protection to the surroundings of the apparatus” implies that this protection should also in
nvironment in which the apparatus is intended to be used, takifgiinto account the life cycle of thqg
use, maintenance, disposal and possible end-of-life recycling of parts of the apparatus.

on of this standard is intended to prevent’injury or damage due to the following
hock;

b temperatures;

cal hazardss

tlude protection
apparatus, i.e.

hazards:

burns (for example, as a result of the ingestion of lithium chemistry button/coin

cells).

Electric shock

Electric shock is due to current passing through the human body. Currents of the order of a milliampere
can cause a reaction in persons in good health and may cause secondary risks due to involuntary
reaction. Higher currents can have more damaging effects. Voltages below certain limits are generally
regarded as not dangerous under specified conditions. In order to provide protection against the possibility
of higher voltages appearing on parts that may be touched or handled, such parts are either earthed or
adequately insulated.
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For parts which can be touched, two levels of protection are normally provided to prevent electric shock
caused by a single fault. Thus a single fault and any consequential faults will not create a hazard. The
provision of additional protective measures, such as SUPPLEMENTARY INSULATION Or protective earthing, is not
considered a substitute for, or a relief from, properly designed BASIC INSULATION.

Cause
Contacts with parts normally at hazardous voltage

Breakdown of insulation between parts normally at
hazardous voltage and accessible parts.

Prevention

Prevent access to parts at hazardous voltage by fixed or
locked covers, interlocks, etc.

Discharge capacitors at hazardous voltages.

Either use double or reinforced insulation between parts
normally at hazardous voltages and accessible parts so that

Breakdown| of insulation between parts normally at
hazardous poltage and circuits normally at non-hazardous
voltages, thlereby putting accessible parts and terminals at
hazardous poltage.

Touch currgnt from parts at hazardous voltage through the
human body.
(Touch curfent can include current due to RFI filter
components connected between mains supply circuits and
accessible parts or terminals.)

Excessive temperatures

breakdown is not likely to occur, or connect accejssible
conductive parts to protective earth so that the.vpltage
which can develop is limited to a safe value, Proyide

adequate mechanical and electrical strength.

Segregate hazardous and non-hazardous voltagg circuits
either by double or reinforced;inhsulation so that reakdown
is not likely to occur, or by a protective earthed screen, or
connect the circuit normally“at non-hazardous voftage to
protective earth, so that the voltage which can dgvelop is
limited to a safe yalue.

Limit touch{currént to a safe value or provide a protective
earthingsconnection to the accessible parts.

Requirements are included to prevent injury<due to excessive temperatures of accessible paris, to prevent
damaging of insulation due to excessive-internal temperatures, and to prevent mechanical instability due

to excessivel temperatures developegd inside the apparatus.

Radiation

Requirements are included'to’prevent injury due to excessive energy levels of ionizing and lager radiation,

for example [by limiting_the“radiation to non-hazardous values.

Implosion

Requirementstare included to prevent injury due to implosion of picture tubes.

Mechanical hazards

Requirements are included to ensure that the apparatus and its parts have adequate mechanical strength
and stability, to avoid the presence of sharp edges and to provide guarding or interlocking of dangerous

moving parts.
Fire

A fire can result from:
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heat;

arcing;

caused by

overloads;
component failure;

insulation breakdown;

bad conr
conductg
Requiremen
spreading b

surroundingy

The followin

the use ¢

the prevd

the use
connections

the contr

the use (

the use ¢

the use ¢

the limitdtion of the quantity of combustible material used;

ections;

r breakage.
ts are included that are intended to prevent fire originating within the apqg
b of the apparatus.

) preventive measures are recommended:

f suitable components and sub-assemblies;
ntion of excessive temperature rise that might.cause ignition under normal or fau

of measures to eliminate POTENTIAL IGNITION SOURCES such as inadequate cd
interruptions;

pl of the position of combustible materials in relation to POTENTIAL IGNITION SOURCES
f materials with high resistance to fire in the vicinity of POTENTIAL IGNITION SOURCES;
f encapsulatiop-or-barriers to limit the spread of fire within the apparatus;

f suitableAire*retardant materials for the enclosure.

aratus from

eyond the immediate vicinity of the source of the fire or from- causing damage to the

It conditions;

ntacts, bad
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AUDIO, VIDEO AND SIMILAR ELECTRONIC APPARATUS - SAFETY
REQUIREMENTS

1 General

1.1 Scope

1.1.1 DU This International Safety Standard applies to electronic apparatus designed to be fed from the
MAINS, from a suppLy ApPARATUS, from batteries or from remoTe power FEepiNG and intended for reception,
generation, recording or reproduction of audio, video and associated signals. It also applies to apparatus

designed to

This standa
COVers cowm
assembly s
for use as d

This standa
such as styl

This standd
TELECOMMUNIC]

Some exam
receiving
independ
SUPPLY AP

ELECTRONI
music tunerg

audio an

video prd

oe used exclusively iIn combination with the above-mentioned apparatus.

d primarily concerns apparatus intended for household and similar general usé.

ERCIAL _APPARATUS and PROFESSIONAL APPARATUS Which may alse be used, in plac
h as schools, theatres, places of worship and the workplace. PROFESSIONAL APPARA

scribed above ﬁ—ase—ee\fered—HMess—Fang—speeﬁreaHy—m#m—the—seepe—e#e%h

d concerns only safety aspects of the above apparatus; ‘it does not concern o
b or performance.

rd applies to the above-mentioned apparatusy if designed to be conne

hTION NETWORK Or similar network, for example by:means of an integrated modem,

ples of apparatus within the scope of this\standard are:
apparatus and amplifiers for sound @nd/or vision;

ent LoAD TRANSDUCERS and SOURGE TRANSDUCERS;

PARATUS intended to supplysother apparatus covered by the scope of this standard;

C MUSICAL INSTRUMENTS,\@nd electronic accessories such as rhythm generators, tong
and the like for use with electronic or non-electronic musical instruments;

H/or video eduicational apparatus;

jectars,

but It also
es of public

Tus intended
er-standards

her matters,

cted to the

generators,

NOTE 1 Film

rojectors, slide projectors and overhead projectors are covered by {EG-66335-2-56 UL 122

househol

video cameras and video monitors;

d video games and flipper games;

juke boxes;

electronic gaming and scoring machines;

NOTE 2 Video games, flipper games and gaming machines and other amusement games for commercial use are covered by EG
66335-2-82 UL

22
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tape and

antenna

teletext equipment;

record and optical disc players;

optical disc recorders;

signal converters and amplifiers;

satellite receiver antenna positioners;

NOTE 3 UHF and VHF antenna rotators are covered by UL 150

Citizen’s
apparatu
electroni
apparatu

NOTE 4 Incly
investigation of

intercom

cable he

professiqg
systems;

professig

NOTE 5 The

Band apparatus;

5 for IMAGERY;

b light effect apparatus;

5 for use in alarm systems;

des cameras, stop motion recorders and the like used in alarm systems. This Standard does
the actual alarm system.

munication apparatus, using low voltage mains as the transmission medium;
hd-end receivers;

nal general use amplifiers, record or dis¢ players, tape players, recorders, and py

nal sound/video systems;

equirements of UL 1419 may(also be used to meet the requirements for safety of PROFESSIONA

not cover the

blic address

L APPARATUS.

electroni

multimed

The requiren
for safety of

> flash apparatus for-photographic purposes {see-Annext) covered by UL 122;

ia apparatuss

multimmedia apparatus (see also IEC Guide 112).

MAINS _conne

and

hents of tEEG-60950-1+ UL 60950-1 or UL 62368-1 may also be used to meet the fequirements

ce _with the

1.1.2 This standard applies to apparatus with a RATED supPPLY vOLTAGE not exceeding

250 V a.c. single phase or d.c. supply;

433 V a.c. in the case of apparatus for connection to a supply other than single-phase.
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1.1.3 DU This standard applies to apparatus for use at altitudes not exceeding 2 000 m above sea level,
primarily in dry locations and in regions with moderate or tropical climates.

For apparatus with—protection-against-splashing-water intended for outdoor use, additional requirements

are given in

Annex A.

For apparatus to be connected to TELEcommunicaTION NETWORKS, additional requirements are given in Annex

B.

For apparatus intended to be used in vehicles, ships or aircraft, or at altitudes exceeding 2 000 m above
sea level, additional requirements may be necessary.

NOTE 1 See [able A.2 of IEC 60664-1:2007.

NOTE 2 Ching has special requirement in choosing multiplication factors at altitude above 2 000 m.

Requirements, additional to those specified in this standard, may be necessary fotr-apparatus|intended for
special conditions of use.

1.1.4 For apparatus designed to be fed from the mains, this standard applies to apparatus infended to be
connected to a mains supply with transient overvoltages not exceeding overvoltage category| Il according
to IEC 60664-1.

For apparatlis subject to transient overvoltages exceeding.those for overvoltage category [ll, additional
protection may be necessary in the mains supply of the apparatus.

1.1.5 DU dertain apparatus covered by the requiretents in this standard are also requiréd to comply
with applicgble requirements in other appropriate standards because of their intended end use
applications [or environmental conditions.

1.1.6 DR Audio and video apparatus with nenmetallic enclosures, intended to be installed in air-handling

spaces shall

NOTE Appard
the air-handling

1.1.7 DUB

additionally comply with the requirements in UL 2043.

tus such as dome cameras’and public address system speakers having nonmetallic enclosures that extend inside

space after installation“are subject to this requirement.

aby monitors.shall comply with ASTM F2951.
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1.2 DC Nor

mative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ASTM D495, Standard Test for High-Voltage, Low-Current, Arc Resistance of Solid Electrical Insulating

Material

ASTM F2951, Consumer Safety Specification for Baby Monitors

IEC 60027 (

all parts), Letter symbols to be used in electrical technology

IEC 60038:3
IEC 60068-4

IEC 60068-
primarily for

IEC 60068-3-75, Environmental testing — Part 2-75: Tests — Test EhiFHlammer tests
IEC 60068-3-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady s
IEC 60085, Electrical insulation — Thermal evaluation and.designation

1EG-60086-4

IEC 60107-1
General con|

IEC 60127 (
IEC 60127-§

IEC 60167:1
materials

009, IEC standard voltages
-6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration.{(Sinusoida

P-31:2008, Environmental testing — Part 2-31: Tests — Test Eci)Rough hang
equipment-type specimens

P : 05— Part4-Safetr-ol DR ,

11997, Methods of measurement ohyeéceivers for television broadcast transmissi
siderations — Measurements at radio and video frequencies

bl parts), Miniature fuses
, Miniature fuses. Part 6: Fuse-holders for miniature cartridge fuse-links

964,<Methods of test for the determination of the insulation resistance of so

/)

ling shocks,

fate

ons — Part 1:

’ ol

id insulating

IEC 60216 (all parts), Electrical insulating materials — Thermal endurance properties

IEC 60227 (all parts), Polyvinyl chloride insulated cables of rated voltages up to and including 450/750 V

IEC 60227-2:1997, Polyvinyl chloride insulated cables of rated voltages up to and including 450/750 V —
Part 2: Test

methods
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IEC 60268-1

11985, Sound system equipment — Part 1: General

IEC 60317-43, Specifications for particular types of winding wires — Part 43: Aromatic polyimide type
wrapped round copper wire, class 240

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

IEC 60320-1, Appliance couplers for household and similar general purposes — Part 1: General
requirements

IEC 60335-1, Household and similar electrical appliances — Safety — Part 1: General requirements

1EC-66384-1:

IEC 60384-1
Fixed capac]

IEC 60410:1

IEC 60417,
available fro

IEC 60454 (
IEC 60529:1

IEC 60664-1
requirement

IEC 60664-3
potting or m

IEC 60730-

4:2005, Fixed capacitors for use in electronic equipment — Part 14: Sectional
tors for electromagnetic interference suppression and connection to the)supply

973, Sampling plans and procedures for inspection by attributes

(Graphical symbols for use on equipment
M: http://www.graphical-symbols.info/equipment

bl parts), Pressure-sensitive adhesive tapes for eleetrical purposes
989, Degrees of protection provided by enclesures (IP Code)

:2007, Insulation coordination for equipment within low-voltage systems — Part
5 and tests

, Insulation coordination for equipment within low-voltage systems — Part 3: US
bulding for protection against pollution

1:2010, Automatic electrical controls for household and similar use — Part

requirement:

specification:
imains

1 : Principles,

e of coating,

1: General

s

IEC 60747-5-5:2007, Semiconductor devices — Discrete devices — Part 5-5: Optoelectronic devices —
Photocouplers

Amendment

1:2013

IEC 60825-1:2007, Safety of laser products — Part 1: Equipment classification and requirements

IEC 60851-3:2009, Winding wires — Test methods — Part 3: Mechanical properties

IEC 60851-5:2008, Winding wires — Test methods — Part 5: Electrical properties
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IEC 60851-6:2012, Winding wires — Test methods — Part 6: Thermal properties

IEC 60906 (all parts), IEC system of plugs and socket-outlets for household and similar purposes

IEC 60950-1:2005, Information technology equipment — Safety — Part 1: General requirements

Amendment
Amendment

1:2009
2:2013'

T A consolidated edition (2.2) exists, that includes IEC 60950-1:2005 and its Amendments 1:2009 and 2:2013.

IEC 60990, Methods of measurement of touch current and protective conductor current

IEC 60998-
Particular re|

IEC 60999-1
and screwld
clamping un

IEC 60999-4
screwless-ty
35 mm? up

IEC 61032:1
1ECG-61051-
Suppression,
Amendment,
1EC-61058-
IEC/TS 6114
IEC 61260,

IEC 61293,

IEC 61558-1

General req
Amendment]

2 A consolidate

=2, Conmecting devices for fow=vottage circuits for-househotd-amd-simitar purposs
quirements for connecting devices as separate entities with screwlesstype clam

, Connecting devices — Electrical copper conductors — Safety requirements fa
ss-type clamping units — Part 1: General requirements and particular requ
its for conductors from 0,2 mm? up to 35 mm? (included)

, Connecting devices — Electrical copper conductors. Safety requirements for sc
be clamping units — Part 2: Particular requirements for clamping units for cond
0 300 mm? (included)

997, Protection of persons and equipment by enc¢lostres — Probes for verificatid

1994, Vari : L . . Part-2-Sectional .
varistors

:2009

19, Guide for safe handling and operation of mobile radio equipment
Flectroacoustics — Octave-band and fractional-octave-band filters

iarking of electrical~equipment with ratings related to electrical supply — Safety
:2005, Safetyof power transformers, power supplies, reactors and similar prody

irements.and tests
1:2009%

i .edition (2.1) exists, that includes IEC 61558-1:2005 and its Amendment 1:2009.

s — Part 2-2:
bing units

r screw-type
irements for

rew-type and
ictors above

N

equirements

cts — Part 1:

IEC 61558-2-16, Safety of power transformers, power supply units and similar products for voltages up to
1 100 V — Part 2-16: Particular requirements and tests for switch mode power supply units and
transformers for switch mode power supply units

1EC-61965, Mechanical-safety-of-cathode-ray-tubes

IEC 62133, 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

IEC 62151:2000, Safety of equipment electrically connected to a telecommunication network
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IEC 62368-1, Audio/video, information and communication technology equipment — Part 1: Safety
requirements

IEC 62471:2

006, Photobiological safety of lamps and lamp systems

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

IEC Guide 1

12, Guide on the safety of multimedia equipment

ISO 261, ISO general purpose metric screw threads — General plan

ISO 262, IS
ISO 306:20(

ISO 2859-1:
by acceptan

ISO 7000, G
available fro

ISO 9773, A
a small-flam

ITU-T Recq
overvoltaged

UL 22 . Aml

UL 101, Led

UL 122 ., Ph

UL 150 . An

UL 224 , Ex

D general-purpose metric screw threads — Selected sizes for screws, bolts and.
4, Plastics — Thermoplastic materials — Determination of Vicat softening\tempe

1999, Sampling procedures for inspection by attributes — Part 1: Sampling sche
ce quality level (AQL) for lot-by-lot inspection

raphical symbols for use on equipment — Index and synopsis
M: http://www.graphical-symbols.info/equipment

astics — Determination of burning behaviour of thipsflexible vertical specimens in
e ignition source

mmendation K.44, Resistibility tests for, telecommunication equipment
and overcurrents — Basic recommendation

sement and Gaming Machines

osures for Electrical Equipment-Non-Environmental Considerations

s for Flammability of Plastic Materials for Parts in Devices and Appliances
kage Current for Appliances

btographic Equipment

fenna Rotators

fruded Insulating Tubing

huts
rature (VST)

mes indexed

contact with

exposed to

UL 248-14 . Low Voltage Fuses — Part 14: Supplemental Fuses

UL 498 , Attachment Plugs and Receptacles

L

Industrial

ontrol Equipment

UL 510 . Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape

UL 746A . Polymeric Materials — Short Term Property Evaluations

UL 746B . Polymeric Materials — Long Term Property Evaluations
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UL 746C . Polymeric Materials — Use in Electrical Equipment Evaluations

UL 746D , Polymeric Materials — Fabricated Parts

UL 796 . Printed-Wiring Boards

UL 817 . Cord Sets and Power-Supply Cords

UL 840 . Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment

UL 873 . Temperature-Indicating and -Regulating Equipment

UL 1069 . H

UL 1310 . {

UL 1416 . G

orescent-Lamp Ballasts

pecial-Use Switches
ospital Signaling and Nurse-Call Equipment
ass 2 Power Units

vercurrent and Overtemperature Protectors for Radio- and-Television-Type App

iances

UL 1419 . A

UL 1434 . T]

UL 1441 . C

UL 2043 . A

pecial Fuses for Radio- and Television-Type Appliances
yofessional Video and Audio Equipment

hermistor-Type Devices

oated Electrical Sleeving

ystems of Insulating Materials ~-General

Lirge Protective Devices

ptical Isolators

Uminaires

ire Test for Heat and Visible Smoke Release for Discrete Products and Their

Accessories

Installed in A

\ir-Handling Spaces

UL 2054 . H

hold and C al B ,

UL 2089 . Vehicle Battery Adapters

UL 2111 , QOverheating Protection for Motors

C

L 2353 . Single- and Multi-Layer Insulated Winding Wire

UL 60384-14 , Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains

UL 60601-1 ., Medical Electrical Equipment, Part 1: General Requirements for Safety


https://ulnorm.com/api/?name=UL 60065 2020.pdf

SEPTEMBER 30, 2015

UL 60065

23

UL 60691 , Thermal-Links — Requirements and Application Guide

UL 60730-2-9 . Automatic Electrical Controls for Household and Similar Use: Part 2: Particular

Requirements for Temperature Sensing Controls

UL 60950-1 , Information Technology Equipment — Safety — Part 1: General Requirements

UL 61058-1 , Switches for Appliances — Part 1: General Requirements

UL 61965 . Mechanical Safety for Cathode Ray Tubes

UL 62368-1

__Audio/Video. Information _and Communication _Technology Equipment — P.

rt_1: Safety

Requiremen

(s

2 Terms and definitions

2.1 DU Def

For the purp

initions in alphabetical order

oses of this document, the following terms and definitions apply.

Subclause
ACCESSIBLE 2.8.3
ACCESSORY 2.8.14
AUDIO AMPLIFIER 2.2.1
AVAILABLE POWER 2.3.7
BASIC INSULATIPN 2.6.3
BY HAND 2.8/4
CLASS | 2.6.1
CLASS I 2.6.2
CLEARANCE 2.6.11
COMMERCIAL ARPARATUS 2.2.12
CONDUCTIVELY [CONNECTED TO THE MAINS 2.4.4
CONDUCTIVE PATTERN 2.7.13
CREEPAGE DISTANCE 2.6.12
DIRECTLY CONNECTED TO THE MAINS 2.4.3
DOUBLE INSULATION 2.6.4
ELECTRONIC MUSICAL INSTRUMENT 2.2.2
FIRE ENCLOSUHE 2.8.10
FUNCTIONAL IN$ULATION 2.6.13
HAZARDOUS LIVE 2.6.10
IMAGERY 2.2.8
INSTRUCTED PHRSON 2.8.6
ISOLATING TRANSFORMER 2.7.1
LASER 22
LASER SYSTEM 2.2.6
LOAD TRANSDUCER 254
MAINS 2.41
MAINS SWITCH 2.7.11
MAJOR_ENCLOSURE_PART 2.8.13
MANUALLY OPERATED MECHANICAL SWITCH 2.7.10
MICRO-DISCONNECTION 2.7.7
NOISE SIGNAL 2.5.2
NON-CLIPPED OUTPUT POWER 2.3.4
PERMANENTLY CONNECTED APPARATUS 2.4.2

PINK NOISE

2.5.1
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PORTABLE APPARATUS 2.2.10
POTENTIAL IGNITION SOURCE 2.8.11
PRINTED BOARD 2.7.12
PROFESSIONAL APPARATUS 2242 2.2.13
PROTECTIVE EARTHING TERMINAL 2.4.6
PROTECTIVE SCREENING 2.6.8
PROTECTIVE SEPARATION 2.6.7
PTC THERMISTOR 2.7.8
RATED CURRENT CONSUMPTION 2.3.6
RATED LOAD IMPEDANCE 2.3.5
RATED POWER CONSUMPTION 2.3.10
RATED SUPPLY VOLTAGE 2.3.1
REINFORCED INSULATION 2.6.6
REMOTE CONTDiOL 2.2.9
REMOTE POWER FEEDING 2.4.8
REQUIRED WITHSTAND VOLTAGE 2.3.8
RIPPLE FREE 2.3.3
ROUTINE TEST 2.8.2
SAFETY INTERLOCK 2.7.9
SEPARATING TRANSFORMER 2.7.2
SKILLED PERSON 2.8.5
SOURCE TRANSPUCER 2.5.3
SPECIAL BATTERY 2.7.14
SPECIAL SUPPLY APPARATUS 2.2.5
STAND-BY 2.8.8
STATIONARY APRARATUS 2.2.10.1
SUPPLEMENTARY INSULATION 2.6.5
SUPPLY APPARATUS 2.2.3
SUPPLY APPARAJUS FOR GENERAL USE 2224
TELECOMMUNICATION NETWORK 2.4.7
TELECOMMUNICIATION NETWORK TRANSIENT VOLTAGE 2.3.9
TERMINAL 2.4.5
THERMAL CUT-QUT 2.7.4
THERMAL LINK 2.7.5
THERMAL RELEASE 2.7.3
TNV CIRCUIT 2.4.9
TNV-0 CIRCUIT 2.4.10
TNV-1 CIRCUIT 2.4.11
TNV-2 CIRCUIT 2.4.12
TNV-3 CIRCUIT 2413
TOUCH CURRENT 2.6.9
TRANSPORTABLIE APPARATUS: 2.2.11
TRIP-FREE 2.7.6
TYPE TEST 2.8.1
USER 2.8.7
WOOD-BASED MATERTAT 289
WORKING VOLTAGE 2.3.2
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2.2 Types of apparatus

2.21
AUDIO AMPLIFIE

R

either an independent audio signal amplifying apparatus or the audio signal amplifying part of an
apparatus to which this standard applies

222

ELECTRONIC MUSICAL INSTRUMENT
electronic apparatus such as an electronic organ, electronic piano or music synthesiser that produces

music under

the control of the user

223
SUPPLY APPARA
apparatus w|

2.2.4
SUPPLY APPARA
SUPPLY APPARA
the scope of
calculators

2.2.5

SPECIAL SUPPL
SUPPLY APPARA
scope of thig

2.2.6

LASER SYSTEM
LASER in com
components

Note 1 to entry

2.2.7
LASER
device which
from 180 nm

Note 1 to entry

TUS

TUS FOR GENERAL USE
Tus which can be used without special measures not only for the supply of app
this standard, but also for the supply of other appliances,or devices, for examp

APPARATUS
Tus which is designed to be used only for the supply of specified apparatus with
standard

bination with an appropriate laser, energy source with or without additional incor

See 3.48 of IEC 60825-1:2007.

can be made to produce or amplify electromagnetic radiation in the wavelengt
to 1 mmyprimarily by the process of controlled stimulated emission

See8:41 of IEC 60825-1:2007.

hich takes power from the mains and from which one or more other apparatus afe fed

aratus within
e pocket-

in the

porated

h range

infrared

Note 2 to entry
remote controls

2.2.8
IMAGERY

Davices-to-which-this definition-does-not-apply arg liaht gamitting dicdes (L EDS) used for displavs
L b 4 ) ) AY 7 Ldhad Adt]

, infrared audio/visual signal transmission and optocouplers.

processing, editing, manipulation and/or storing of video signals

2.2.9
REMOTE CONTR

oL

controlling of an apparatus from a distance, for example mechanically, electrically, acoustically or by
means of radiation
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2.2.10
PORTABLE APPARATUS
apparatus specifically designed to be carried easily, the mass of which does not exceed 18 kg

2.2.10.1 DU
STATIONARY APPARATUS

a cord and plug connected apparatus that is intended to be fastened in place or located in a dedicated
space

2.2.11
TRANSPORTABLE APPARATUS

apparatus, the mass of which exceeds 18 kg, specifically designed to be moved frequently from place
to place

Note 1 to entry] Examples of TRANSPORTABLE APPARATUS are musical instruments and their associated amglifiers.

2212 DU
PROFESSIONALJAPPARATUS COMMERCIAL APPARATUS
apparatus fdr use in trades, professions or industries and which is not intended for sale to the general
public

Note 1 to entry] The designation should be specified by the manufacturer.

2.2.13 DU
PROFESSIONAL |APPARATUS

video and auidio apparatus operated and maintained byrained personnel under the conditidns of
controlled agcess

2.3 Ratingq and electrical values

2.31
RATED SUPPLY [VOLTAGE

supply voltage or voltage range (forthree-phase supply, the line-to-line voltage) for which th
manufacturer has designed the apparatus

[©]

2.3.2
WORKING VOLTAGE
highest voltgge, non-repetitive transients being disregarded, to which the insulation under cgnsideration
is or can be|subjected 'when the apparatus is operating at its RATED supPPLY vOLTAGE under normal

operating conditions

2.3.3
RIPPLE FREE
d.c. voltage with a r.m.s. value of a ripple content of not more than 10 % of the d.c. component; the
maximum peak voltage does not exceed 140 V for a nominal 120 V rirrLE FREE d.C. System, and does
not exceed 70 V for a nominal 60 V rippPLE FREE d.C. System
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234

NON-CLIPPED OUTPUT POWER
sine-wave power dissipated in the RATED LoAD IMPEDANCE, measured at 1 000 Hz at the onset of clipping

on either on

Note 1 to entry
shall be used.

2.3.5

e, or both peaks

RATED LOAD IMPEDANCE
resistance, specified by the manufacturer, by which an output circuit should be terminated

2.3.6
RATED CURREN

current cong

conditions

2.3.7

AVAILABLE POW
maximum pq
chosen to m|

Note 1 to entry

2.3.8

REQUIRED WITH
peak voltage

2.3.9
TELECOMMUNIC

highest peak

arising from

2.3.10

RATED POWER
power in wa
conditions

In cases where an amplifier is not intended for operation at 1 000 Hz, a test frequency at the peak response

T CONSUMPTION

ER
aximise the power for more than 2 min when the circuit supplied is disconnecte
See Figure 1.

STAND VOLTAGE
that the insulation under consideration is\required to withstand

ATION NETWORK TRANSIENT VOLTAGE
voltage expected at the TELECOMMUNICATION NETWORK connection point of the appg
external transients on the-netfwork

[CONSUMPTION
ts consumed in-an/apparatus operating at its RATED suppPLY voLTAGE under normal

umption of an apparatus operating at its RATED suppLY vOoLTAGE under normal-oper

wer which can be drawn from the supplying circuit through a)resistive load who

ating

se value is
)

ratus,

operating
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2.4 Supply

2.41
MAINS

and external connections

power source with a nominal voltage of more than 35 V (peak) a.c. or d.c. which is not used solely to

supply appa

24.2

ratus specified in 1.1.1

PERMANENTLY CONNECTED APPARATUS
apparatus which is intended for connection to the mains by a connection which cannot be loosened By

HAND

2.4.3
DIRECTLY CONN
electrical co
that connect
being not sh

Note 1 to entry

244

CONDUCTIVELY
electrical co
either pole g
apparatus n

245
TERMINAL
part of an af

Note 1 to entry

2.4.6
PROTECTIVE EA
TERMINAL tO W

ECTED TO THE MAINS
hnection with the mains in such a way that a connection to either pole of the-main

ort-circuited
A current of 9 A is chosen as the minimum breaking current of a 6 A fuse.
CONNECTED TO THE MAINS
nection with the mains in such a way that a conneetioh through a resistance of 4

f the mains causes in that resistance a permanent current greater than 0,7 mA (
bt being connected to earth

paratus by which connection is madé’to external conductors or other apparatus

A TERMINAL May contain several contaets.

RTHING TERMINAL
hich parts are confiected which are required to be connected to earth for safety]

5 causes in

on a permanent current equal to or greater than 9 A, protective devices in the apparatus

P 000 Q to
beak), the

reasons
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24.7
TELECOMMUNIC

ATION NETWORK

metallically-terminated transmission medium intended for communication between apparatus that may
be located in separate buildings, excluding

telecommun

ication transmission medium;

television distribution systems using cable

the mains systems for supply, transmission and distribution of electrical power, if used as a

Note 1 to entry: The term TELECOMMUNICATION NETWORK is defined in terms of its functionality, not its electrical

characteristics.
apparatus are {

Note 2 to entry

publicly or g
— subject to tr

subject to p

Note 3 to entry

a public swi

a public dat

an ISDN ne

a private nej

2.4.8

A TELECOMMUNICATION NETWORK is not itself defined as being a TNV _CIRCUIT. Only the circ

uits in

o classified.

A TELECOMMUNICATION NETWORK may be

rivately owned;

hnsient overvoltages due to atmospheric discharges and faults in power distribution systems;

Ermanent longitudinal (common mode) voltages induced from nearby power lines or electric traction

Examples of TELECOMMUNICATION NETWORKSs are:

ched telephone network;

b network;

work;

work with electrical interface characteristics similar to the above.

REMOTE POWER FEEDING

supply of po
distribution

249

TNV CIRCUIT
circuit which
circulT) and

etwork for antenna signals

is inthe apparatus and to which the accessiBLE area of contact is limited (excep
that\is so designed and protected that, under normal operating and fault conditi

wer to apparatus via‘a cable network, for example a TELECOMMUNICATION NETWORK (

lines.

r a cable

t for a TNv-0
bns, the

voltages do

otfexceed Qpnr\ifinrl Iimifing values

Note 1 to entry: A TNV CIRCUIT is considered to be a circuit which is not CONDUCTIVELY CONNECTED TO THE MAINS.

Note 2 to entry: The specified limiting values of voltages under normal operating and fault conditions are given in Annex B. For
requirements regarding accessibility of TNV CIRCUITS, see 4.2.1 of IEC 62151:2001.

Note 3 to entry: TNV CIRCUITS are classified as TNV-0, TNV-1, TNV-2 and TNV-3 circuits as defined in 2.4.10, 2.4.11, 2.4.12,
and 2.4.13 respectively.

Note 4 to entry:

The voltage relationships between TNV CIRCUITS are shown in the Table 1.
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Table 1 — Voltage ranges of Tnv circuits

Voltage ranges

Overvoltages from
TELECOMMUNICATION NETWORKS

Within TNV-0 CIRCUIT limits

Exceeding TNV-0 CIRCUIT limits but
within TNV CIRCUIT limits

possible?
Yes TNV-1 CIRCUIT TNV-3 CIRCUIT
No TNV-0 CIRCUIT TNV-2 CIRCUIT
2.4.10
TNV-0 CIRCUIT
TNV CIRCUIT:

— whose vlltages do not exceed a safe value under normal operating conditions and_under fault

conditions; gnd

— which is hot subject to overvoltages from TELECOMMUNICATION NETWORKS

Note 1 to entry] The limiting values of voltages under normal operating and fault conditions are“specified in 9.1.1.p and 11.1

respectively.

2.4.11
TNV-1 CIRCUIT
TNV GIRCUIT:

— whose vgltages do not exceed the limits for a Tnv-0 GircuIT under normal operating conditjons; and

— on which| overvoltages from TELECOMMUNICATION NETWORKS are possible

2.4.12
TNV-2 CIRCUIT
TNV CIRCUIT:

— whose voltages exceed the limits for a T™nv-o circuiT under normal operating conditions; and

— which is pot subject to qvervoltages from TELECOMMUNICATION NETWORKS

2.4.13
TNV-3 CIRCUIT
TNV CIRCUIT:

— whose v(

— on which overvoltages from TELECOMMUNICATION NETWORKS are possible
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2.5 Signals, sources, loads

2.5.1

PINK NOISE

NOISE SIGNAL Whose energy per unit bandwidth (AW/Af) is inversely proportional to frequency

25.2

NOISE SIGNAL

stationary random signal having normal probability distribution of instantaneous values

Note 1 to entry: Unless otherwise stated, the mean value is zero.

253

SOURCE TRANSPUCER

apparatus intended to convert the energy of a non-electrical signal to electrical energy

Note 1 to entry] Examples are microphone, image sensor, magnetic reproducing head, LASER pick-up.

254

LOAD TRANSDULCER

apparatus intended to convert the energy of an electrical signal into agether form of energy

Note 1 to entry] Examples may include a loudspeaker, picture tube, liquid crystal/display, magnetic recording heaf.

2.6 Protection against electric shock, insulations

2.6.1

CLASS |

design in wtfich protection against electric shockdoes not rely on Basic iNsuLaTioN only, but which
includes an pdditional safety precaution in such'a way that means are provided for the connlection of
AccessiBLE cdnductive parts to the protective (earthing) conductor in the fixed wiring of the ingtallation, in
such a way fhat accessiBLE conductive parts cannot become Hazarbous LIVE in the event of a failure of the
BASIC INSULATIDN

Note 1 to entry] Such a design may.have parts of CLASS II.

2.6.2

CLASS I

design in wtfich protection against electric shock does not rely on Basic iNsuLaTioN only, but i which
additional sdfety precautions, such as DOUBLE INSULATION OF REINFORCED INSULATION, are provided/ there being
no provision|forprotective earthing or reliance upon installation conditions

2.6.3

BASIC INSULATION
insulation applied to Hazarpous LIVE parts to provide basic protection against electric shock

Note 1 to entry:

2.6.4
DOUBLE INSULA

BASIC INSULATION may also serve as functional insulation.

TION

insulation comprising both Basic INSULATION @nd SUPPLEMENTARY INSULATION
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2.6.5

SUPPLEMENTARY INSULATION
independent insulation applied in addition to Basic insuLaTiON in order to reduce the risk of electric shock

in the event

2.6.6

of a failure of the Basic INSULATION

REINFORCED INSULATION
single insulation applied to HAzarDous LIVE parts which provides a degree of protection against electric
shock equivalent to pousLE INSULATION

Note 1 to entry: REINFORCED INSULATION may comprise several layers which cannot be tested singly as BASIC

INSULATION o

r SUPPLEMENTARY INSULATION.

2.6.7

PROTECTIVE SH
separation b
SUPPLEMENTAR]
example ReN

2.6.8
PROTECTIVE SQ}

separation flom Hazarpous LIVE parts by means of an interposed cenductive screen, connectq

PROTECTIVE EA

2.6.9
TOUCH CURREN
electric currd

2.6.10
HAZARDOUS LIV
electrical co

Note 1 to entry

2.6.11
CLEARANCE
shortest dist

2.6.12
CREEPAGE DIST|
shortest dist

PARATION

v INSULATION Of plus PROTECTIVE SCREENING) OF by an equivalent protective-provision
FORCED INSULATION

REENING

RTHING TERMINAL

-
ent through a human body when it touches. one or more AccessiBLE parts

E

hdition of an object from which a hazardous ToucH currenT (electric shock) could

See 9.1.1.

Ance in air between two conductive parts

ANCE
hnce.along the surface of an insulating material between two conductive parts

2.6.13 DU

FUNCTIONAL INSULATION
functional insulation is insulation that is not relied upon as BASIC, SUPPLEMENTARY, DOUBLE, OF REINFORCED

INSULATION

etween circuits by means of basic and supplementary protection (sasic‘InsuLaTioN plus

for

d to the

be drawn
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2.7 Components

2.71

ISOLATING TRANSFORMER
transformer with proTECTIVE SEPARATION between the input and output windings

2.7.2

SEPARATING TRANSFORMER
transformer, the input windings of which are separated from the output windings by at least Basic

INSULATION

Note 1 to entry:

2.7.3

THERMAL RELE/
device whicl
apparatus b

Note 1 to entry

274
THERMAL CUT-
THERMAL RELE,

Note 1 to entry

275
THERMAL LINK
THERMAL RELE/
replacement

2.7.6

TRIP-FREE
automatic ag
of manipulat

2.7.7
MICRO-DISCON
adequate cg

Note 1 to entry

Such transformers may have parts meeting the requirements of ISOLATING TRANSFORMERS.

\SE
prevents the maintenance of excessively high temperatures in certain”parts of
disconnecting these parts from their supply
PTC THERMISTORS (see 2.7.8) are not THERMAL RELEASES in the sense of this definition.
uT

\se with reset which has no provision for temperatufe setting by the user

A THERMAL CUT-OUT may be of the automatic or of.the manual reset type.

\se without reset, which operates only’once and then requires partial or complet

tion, with a reset actuating member, so designed that the automatic action is in
on or position of theireset mechanism

ECTION
ntact separation so as to ensure functional security

Theré is a requirement for the dielectric strength of the contact gap but no dimensional requiremd

the

W

dependent

nt.

2.7.8

PTC THERMISTOR
thermally sensitive semiconductor resistor, which shows a step-like increase in its resistance when the
increasing temperature reaches a specific value

Note 1 to entry: The change of temperature is obtained either by the flow of current through the thermosensitive element, or by
a change in the ambient temperature, or by a combination of both.
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2.7.9

SAFETY INTERLOCK

means either of preventing access to a hazardous area until the hazard is removed or of automatically
removing the hazardous condition when access is gained

2.7.10

MANUALLY OPERATED MECHANICAL SWITCH

device operated By HanD, not incorporating semiconductors, and situated anywhere in the circuit of the
apparatus, which can interrupt the intended function, such as sound and/or vision, by moving contacts

Note 1 to entry: Examples of MANUALLY OPERATED MECHANICAL SWITCHES are single-pole or all-pole MAINS
SWITCHES, functional switches and switching systems which, for example, can be a combination of relays and switches
controlling the rlelays.

2.7.11

MAINS SWITCH
MANUALLY OPERATED MECHANICAL swiTcH which interrupts either one pole or all poles ©f'the MAINS$, except
the protective earthing conductor

2.7.12
PRINTED BOARI
base material cut to size, containing all needed holes and bearing.at least one conbucTIVE PATERN

2.7.13
CONDUCTIVE PATTERN
configuration formed by electrically conductive material ©f a PRINTED BOARD

2.7.14
SPECIAL BATTERY
rechargeabl¢ battery or group of rechargeable batteries, identified by battery manufacturer'sfname and
catalogue nyimber, provided with the apparatus or recommended by the manufacturer

2.7.15
COIN CELL BATJERY

BUTTON CELL BATTERY

small, singlg cell battery having a diameter greater than its height
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2.8 Miscellaneous

2.8.1
TYPE TEST

test of one or more specimens made on a certain design to show that the design meets all
requirements of this standard

2.8.2
ROUTINE TEST

test to which each specimen is subjected during or after manufacture to ascertain whether it complies
with certain criteria

2.8.3 DU
ACCESSIBLE
possibility of
probe as sh

Note 1 to entry
Figure 3 as an

2.84
BY HAND

operation that does not require the use of any object such as a'tool, coin, etc.

2.8.5
SKILLED PERSO|
person with

risks which ¢lectricity may create

2.8.6
INSTRUCTED PH
person adeq
to prevent ri

2.8.7

USER

any person,
apparatus

2.8.8
STAND-BY

touching by the test finger according to {EG-61032:1997testprobe-B the artic
bwn in Figure 18

Any ACCESSIBLE area of a non-conductive part is considered as being covered/with a conducti
Example).

N

relevant education and experience to enable him or her to avoid dangers and tqg

RSON
uately advised or supervised,by a skiLLED PERSON t0 enable him or her to avoid d
ks which electricity may create

other than a«skitLED PERSON OF an INSTRUCTED PERSON, Who may come into contact

ilated finger

e layer (see

prevent

angers and

with the

and where

operating ¢

dition where the main flmr\finnc, such as sound and/or \lieinn, are switched-off

the apparatus is only partly in operation

Note 1 to entry:

In this condition, permanent functions, such as a clock, are maintained and it allows the apparatu

into full operation, for example by REMOTE CONTROL or automatically.

2.8.9

WOOD-BASED MATERIAL
material in which the main ingredient is machined natural wood, coupled with a binder

s to be brought

Note 1 to entry: Examples of WOOD-BASED MATERIAL are materials incorporating ground or chipped wood, such as hard fibre
board or chip board.
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2.8.10

FIRE ENCLOSURE
part of the apparatus intended to minimize the spread of fire or flames from within

2.8.11

POTENTIAL IGNITION SOURCE
possible fault which can start a fire if the open-circuit voltage measured across an interruption or faulty
contact exceeds a value of 50 V (peak) a.c. or d.c. and the product of the peak value of this voltage

and the measured r.m.s. current under normal operating conditions exceeds 15 VA

Note 1 to entry: Such a faulty contact or interruption in an electrical connection includes those which may occur in

CONDUCTIVE PATTERNS on PRINTED BOARDS.

Note 2 to entry] An electronic protection circuit may be used to prevent such a fault from becoming a POTENIIALL IGNITION
SOURCE.

2.8.12

PASSIVE FLAMMABILITY

flammability [caused by external heating of the component

Note 1 to entry] It can be caused for example, by flames.

2.8.13 DU

MAJOR ENCLOSURE PART

a part that forms more than 50 % of the area of any surface of an enclosure that is required to comply

with the requirements to reduce the risk of fire, electric shock. or injury to persons

2.8.14 DU
ACCESSORY
a part intend

ed for use with an apparatus when'it is packed with the apparatus. when it is r

ferenced by

the manufad

turer's name and catalog number in an apparatus marking. or when the appara

us

manufacture
number with

3 General rfequirements

3.1 Genera

The apparat
purpose, eit
against

the apparatus

Lis shall’beso designed and constructed as to present no danger when used fo

I’'s literature indicates or implies use of the accessory by manufacturer's name and catalog

its intended

her inchormal operating conditions or under fault conditions, particularly providing protection

injury by

hazardous currents passing through the human body (electric shock);
excessive temperatures;

hazardous radiations;

effects of implosion and explosion;

mechanical instability;

mechanical parts; and
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start and

spread of fire.

In general, compliance is checked under normal operating conditions and under fault conditions, as
specified in 4.2 and 4.3, by carrying out all the relevant tests specified.

3.2 Designation of classes

Apparatus designed to be fed from the mains shall be constructed according to the requirements of cLass
I, OF CLASS Il apparatus.

3.3 Constructions and components not specifically covered

Where the 4
specifically

generally aff
3.4 DU Co
Components
apparatus ¢
appropriate

4 General t
4.1 Condudg
411 DE T

NOFE—FerRg

41.2 Thes
or shall be t

As an altern
circuits, com

quipment involves technologies, components and materials or methods of ¢on

tovered in this standard, the equipment shall provide safety measures not g

brded by this standard and the principles of safety contained herein.

mponents and subassemblies that comply with IEC-62368-1 UL62368-1
and subassemblies that comply with HEG-62368-1 UL 62368-1 are acceptable

bvered by this standard without further evaluation other, than to give conside

ise of the component or subassembly in the end-product:

pst conditions

t of tests

psts according to this standard are Type TESTS.

UTINETEST. . e @ N

hmple or samples under test shall be representative of the apparatus the user wj
he actual apparatus ready-forshipment to the usen.

ative to carrying out tests on the complete apparatus, tests may be carried out §
ponents or subassemblies outside the apparatus, provided that inspection of th

istruction not
ss than that

bs part of an
ration to the

buld receive,

eparately on
e apparatus

and circuit arrangements ensures that such testing will indicate that the assembled apparatus would

conform to t

If any such
repeated in

he requirements-of this standard.

test indicates a likelihood of non-compliance in the complete apparatus, the
the apparatus.

fest shall be

If a test sped

bifled in this standard could be destrt mﬁvn] it s parmiffarI toLse a phyeir\al maode.

the condition to be evaluated.

The tests should be carried out in the following order:

live tests

component or material pre-selection;
component or subassembly bench tests;

tests where the apparatus is not energized;

to represent
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e under normal operating conditions,
e under abnormal operating conditions,
e involving likely destruction.

NOTE In view of the amount of resources involved in testing and in order to minimize waste, all parties concerned can jointly

consider the tes

t programme, the test samples and the test sequence.

4.1.3 Unless otherwise specified, the tests are carried out under normal operating conditions at:

an ambient temperature between 15 °C and 35 °C, and

a relativd

41.4 Anyp

The tempera
instructions
be positione
the sides an

Tests on ap|
be carried o
those dealin

The apparat

41.5 Thec
not apprecid

Examples o

4.1.6 Wherd
conforms to
NOTE If appr

The output n
frequency rg

41.7 The a

bsition of intended use of the apparatus, normal ventilation not being-impeded.

for use provided by the manufacturer, or, in the absence of instructions, the ap,
/ 5 cm behind the front edge of an open-fronted wooden test box with 1 cm free
d top and 5 cm depth behind the apparatus.

baratus, intended to be part of an assembly not provided by the apparatus manufi
it according to the instructions for use provided by the apparatus manufacture

humidity of 75 % maximum.

ture measurements shall be carried out with the apparatus positioned in accordg

g with proper ventilation.
1is shall also comply with Table 3 when tested on an open bench.

naracteristics of the supply source, exeept those specified in 4.2.2, used during t
bly influence the test results.

such characteristics are source impedance and waveform.

b relevant, a standard signal consisting of pink noise, band-limited by a filter whg
that given in Figure:C.1 in Annex C.

priate, the standard-signal can be used to modulate a carrier wave.

heasuring,equipment shall indicate true r.m.s. values for crest factors up to at leg
sponse~shall conform to that shown in Annex C.

ince with the
baratus shall

space along

acturer, shall
, specifically

e tests shall

Se response

st 3, and the

cvalues giunn in this standard are rm.s. vall les, unless epnr\ifinrl otherwise.

The d.c. values given in this standard are rippLE FREE values.
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4.2 Normal

operating conditions

4.2.1 Normal operating conditions are the most unfavourable combination of the following conditions.

4.2.2 DU The apparatus, except battery-operated apparatus, is connected to a supply voltage of 0,9

times or 1,1

times of any raTep suppLy voLTAGE for which the apparatus is designed.

NOTE Inthe U.S. the RATED SUPPLY VOLTAGE for single phase apparatus is assumed to be 120 V or 120/240 V.

For battery-operated apparatus a fully charged rechargeable battery or dry batteries in a fresh condition

are used.

RATED CURREM
CURRENT CON{
shall apply:

the ‘threg

— USER ACCH
— sound s4
In case of d
For apparatd
the apparatd
any RATED S
within the rA
Any rated sl
Any type of
For d.c. sup

4.2.3 Any p
CONTROLS, e

Any cable ¢
or not.

T CONSUMPTION and RATED POWER CONSUMPTION are measured at the RATED suppLY voL

b vertical bar signal’ shall be used as defined in 3.2.1.3 of IEC 60107+1:1997; af
ssiBLE picture controls shall be adjusted so as to obtain the maximum power cons
ttings shall be as defined in 4.2.5 a) of this standard.

bubt, tests may also be performed at the value of any) RATED SUPPLY VOLTAGE.

S having a RATED SUPPLY VOLTAGE range not requiting the adjustment of a voltage s4
S is connected to a supply voltage of 0,9 times the lower limit or 1,1 times the
PPLY VOLTAGE range; moreover, the apparatus is connected to any nominal sU
TED SUPPLY VOLTAGE range marked on the\apparatus.
pply frequency marked on the apparatus is used.
supply for which the apparatys is designed to be used.

bly any polarity is used,, unless this is prevented by the construction of the app4d

psition of contrels-which are accessisLe to the user for adjustment By HAND, incl
cluding voltage-setting devices complying with 14.9 and volume controls and t

bnnected REMOTE conTRoL device, detachable by a connector or a similar device,

A cover, en

E. For RATED

-
UMPTION OF RATED POWER CONSUMPTION measurements of television sets, the foIIoAlting settings

el

Umption; and

biting device,
Lpper limit of
pply voltage

ratus.

Lding REMOTE
bne controls.

s connected

Ineing Q-LASER-SYSTEM, which can be npannrl BY HAND, IS npannrl fullyy npnnad pan

ly or closed.

4.2.4 In the case of single-phase supply, any earth TeErRmINAL and any PROTECTIVE EARTHING TERMINAL may be
connected to either pole of the isolated supply source used during the test.

In the case of a supply other than single phase, any earth TERMINAL and any PROTECTIVE EARTHING TERMINAL
may be connected to the neutral or to any phase of the isolated supply source used during the test.
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4.2.5 DU In addition, for an Aubio AMPLIFIER:

a) The apparatus is operated in such a way as to deliver one-eighth of the Non-cLIPPED ouTPUT POWER b
not less than 0.5 W per channel to the raTeD LoAD IMPEDANCE using the standard signal described in 4.1

with the tone controls set to their mid position.

ut
.6

Where the non-cLipPED ouTPUT POWER cannot be obtained using the standard signal, oneeighth of
the maximum attainable output power but not less than 0.5 W per channel is taken.

As an alternative, where the amplifier function is not adversely affected, a sine wave of 1 kHz or
where applicable, another frequency corresponding to the geometric mean of the upper and
lower —3 dB response points of the relevant part of the apparatus may be used to s

upply each

cha

If th

nnel.

b maximum NON-CLIPPED OUTPUT POWER_iS less than 0.5 W. the apparatus is to-be ¢

perated at

the

If th
the

Whe
9.1.

whe
lowd
amp
Ope

b) The mo.
c¢) Organs

two bass pe
the output p

Maximum NON-CLIPPED QUTPUT POWER.

b result of a measurement performed with a sine wave does not,comply with thi
(measurement with pink NoISE s decisive.

n determining whether a part or output TERMINAL contact iS\HAzARDOUS LIVE accord
(.2 and 11.1, the apparatus shall be operated with a_sinusoidal input test signal
re applicable, another frequency corresponding to-the) geometric mean of the ug
r —3 dB response points of the relevant amplifier part of the apparatus, sufficien
litude for the apparatus to deliver the NON-CLIRPED OUTPUT POWER iNto itS RATED LOAD
n-circuit output voltage is determined after the load is removed.

5t unfavourable RATED LOAD IMPEDANCE oftany output circuit is connected.
DOr similar instruments which have, a tone-generator unit are operated with any cq

dal keys, if any, and ten manualkeys depressed, and all stops and tabs which
bwer are activated.

5 standard,

ng to

of 1 kHz or
per and
tin
IMPEDANCE.

mbination of
can increase

For hupio ampLIFIERS USed. i an ELECTRONIC MUSICAL INSTRUMENT Which does not generate|a
confjnuous tone, the standard signal described in 4.1.6 is applied to the signal inpuf TERMINAL OF
to the appropriate input stage of the aubio AMPLIFIER.
d) Where the intended amplifier function depends on phase difference between two channels, there shall
be a phase lifference,of 90° between the signals applied to the two channels.
e) For equiptment containing multi-channel amplifiers, where each channel can he operated
jndependen1 in tach channel shall be npnrafarl ucing the raTED LoAD irEDANCE QL the output power level

that corresponds to 1/8 of the non-cLipPED outpur Power. Where some channels cannot be operated
independently, those channels shall be operated using the rATED LoAD MPEDANCE at the output power level
that corresponds, by design, to 1/8 of the non-cLiPPED ouTtpuT POwER Of the adjustable amplifier channel(s).
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4.2.5.1 DU An apparatus with multiple modes of operation, multiple signal input sources, or both, is to
be operated using each mode of operation or signal input source separately, or in combination, according
to the manufacturer’s instructions to produce the maximum power input.

4.2.6 For apparatus incorporating motors, load conditions for the motor are chosen which may occur
during intended use, including stalling sy HanD if this is possible.

4.2.7 An apparatus supplying power to other apparatus is loaded to give its rated power or is not loaded.

4.2.8 A surrLy APPARATUS to be used inside apparatus for which it is intended exclusively, is tested within
such apparatus after installation according to the manufacturer’s instruction for use.

4.2.9 In addjtion, for Citizen’s Band apparatus, the RATED LOAD IMPEDANCE iS connected or nottd the antenna
TERMINAL OF, if applicable, to a telescopic antenna extended to any length. The transmitting fest conditions
are specified in IEC/TS 61149.

4.2.10 Antepna positioners shall comply with all of the following requirements:

4.2.10.1 Fof antenna positioners in combination with their control and surpLy APPARATUS:
— four congecutive movements from one endstop to the opposite endstop;

— followed|by a 15 min resting period.

The movements and the resting periods are repeated as many times as necessary for the rg¢levant tests.
For temperature measurements the movements and thexresting periods are repeated until a|steady state

of temperatyre has been reached but not longer than4"h.

After the Iast movement period, the 15 min<tresting period does not apply to the femperature
measurements.

4.2.10.2 In @ddition, for satellite antennad positioners consisting of a power supply and contrd/l unit without
a motor drive system, the power supply unit shall be loaded in accordance with the marked output rating
and operatefd with a duty cycle of 5.min on, and 15 min off.

4.2.11 App3gratus designed-to’/be supplied exclusively by a sPeciAL supPLY APPARATUS Spegified by the
manufacturdr of the apparatus, shall be tested together with this sPECIAL SUPPLY APPARATUS.

The supply yoltage (for\the speciAL SuPPLY APPARATUS is determined in accordance with 4.2.2.

Where a volfage setting device for the output voltage of the sPECIAL SUPPLY APPARATUS is provided, it shall be

adjust’ed to thesrarep-suprpLy voLTAGE-Of the QprerHc under test

4.2.12 Apparatus which can be supplied by suppLy APPARATUS FOR GENERAL USE shall be supplied by a test
power supply with a sufficient current capacity according to Table 2 corresponding to the raTep suppLy
voLTAaGE Of the apparatus under test. The values of no-load voltage given in Table 2 are subject to the
under- and over-voltage provisions specified in 4.2.2.
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Table 2 DU — Test power supply

RATED SUPPLY VOLTAGE Nominal no-load voltage Internal resistance
V ee V de Q

1,5 225 1.60 6;75 0.003

3,0 456 319 +56 0,006

4,5 675 4.79 2:25 0,010

6,0 9;60 6.39 366 0,013

7,5 +25 7.98 375 0,016

9,0 4356 9.57 450 0,019

12,0 18,60 12.77 6506 0.026
The test poyer supply voltage and current parameters are not limited to those provided in this table. The paranjeters in the
table are representative y s-havingoutput-voltagefs d-e—andrated-output-eurren hofa30A
minimum supply source with 6 percent reqgulation.

4.2.13 Apparatus intended to be used with optional detachable legs or stands supplied by the

manufacturdr of the apparatus are tested with or without legs or stands fitted.
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4.3 Fault conditions

4.3.1 For operation under fault conditions, in addition to the normal operating conditions mentioned in 4.2,
each of the following conditions is applied one at a time and, associated with it, those other fault conditions
which are a logical consequence.

NOTE 1 The logical consequences of a fault condition are those which occur when a fault is applied.

Circuits, or parts of a circuit supplied with an open circuit voltage not exceeding 35 V (peak) a.c. or d.c.

and not generating voltages above that value, are not considered to present a fire hazard if the current
which may be drawn from the supplying circuit for more than 2 min at any load, including short-circuit, is

limited to not more than 0,2 A. Such supplied circuits are not subject to fault conditions testing.

An example

NOTE 2 Exar
generally show:
the order that ig

The examinatio|
order to produc
fault is applied

However, for sg
It is also possi
STAND-BY cor]

NOTE 3 Wh¢g
consideration.

NOTE 4 The
and there is a

When a spe
or short-circ
times with rd
not be the ¢
applied toge

4.3.2 Short
Clause 13 fd

of a test circuit to measure the voltage and the current is given in Figure i.

hination of the apparatus and all its circuit diagrams, excluding the internal circuit djagfams of int
the fault conditions that are likely to create a hazard and that are to be applied. These are applied
most convenient.

b the most unfavourable effects. In most cases, the effects of a simulatedifault are most unfavourable
hile the apparatus is in full operation.

me parts, the most unfavourable effects can occur if the simulated fault is applied before switching of
ble that the most unfavourable effects could occur whema-simulated fault is applied when the aj
dition.

n carrying out the examination in NOTE 2, .the operating characteristics of integrated circuits

ault tests are only to be made in the,wooden test box mentioned in 4.1.4, if no installation instructio
ossibility that the test box will influence the results.

Cified fault condition test is carried out, it can cause consequential faults which ei
Lit a component. Ifsease of doubt, the fault condition test shall be repeated up
placement compoenents in order to check that the same result is always obtaineg
nse, the most unfavourable consequential fault, whether interruption or short cin
ther with the specified fault condition.

Circuit-across cLEARANCES and CREEPAGE DISTANCES, if they are less than the valued
I BAsic and SUPPLEMENTARY INSULATION, With the exception of insulation between pari

TN CONNECTED TO THE AMAING

bgrated circuits,
in sequence, in

h of the apparatus and circuit diagrams indicate the operating conditions, undér which simulated fauls are applied in

if the simulated

the apparatus.
paratus is in a

are taken into

hs are provided

ther interrupt
to two more
. Should this
cuit, shall be

specified in
s of different

polarity pired

NOTE For CLEARANCES between parts of different polarity DIRECTLY CONNECTED TO THE MAINS, reference is made to

13.1.
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4.3.3 Short-circuit across parts of insulating material, the short-circuiting of which might cause an
infringement of the requirements regarding protection against electric shock hazard or overheating, with
the exception of insulating parts which comply with the requirements of 10.4.

NOTE This does not imply a need to short-circuit the insulation between turns of coils.

4.3.4 Short-

circuit, or if applicable, interruption of:

heaters of electronic tubes;

insulation between heaters and cathodes of electronic tubes;

spacings

semicon
at a time (bl

NOTE If elect
the electrodes

43.5 DC
windings (fo
passive con
requirement;
These fault
a) resistord

b) p7C THER

c) capacitg
terminations|

d) the insi
requirement

e) windings
requirement

f) surge suy

in electronic tubes, excluding picture tubes; and

fuctor devices, one lead at a time interrupted or any two leads connectéd toge
t see 4.3.5 d)).

onic tubes are so constructed that a short circuit between certain electrodes is highly'improbable or g
oncerned need not be short-circuited.

Short-circuit or disconnection, whichever is more unfavourable, of resistors
r example transformers, degaussing coils), loudspeakers, optocouplers, varistors
ponents, the short-circuiting or disconnection of which might cause an infringe
5 regarding protection against electric shock or gvérheating.
conditions do not apply to

complying with the requirements of 14,2 and, as far as applicable, of 11.2;

istors complying with Clauses 15,717, J.15 and J.17 of IEC 60730-1:2010,_or L

rs and RC-units complyingwith the requirements of 14.3, provided that the vo
does not exceed their rated voltage and that their application is in accordance w.

Ilation between thevinput and output terminations of optocouplers comply
5 of 14.12;

b and the insulation of transformers and other windings mentioned in 14.4 comp
5 of that stibclause; and

bpression varistors complying with the requirements of 14.13.

her one pair

ven impossible,

capacitors,
or non-linear
bment of the

L 1434;

£l

tage at their
th 8.5 or 8.6;

ng with the

ying with the

4.3.6 For apparatus containing an aubio AMPLIFIER, USing the standard signal described in 4.1.6 so as to
deliver the most unfavourable output power from zero up to the maximum attainable output power to the
RATED LOAD IMPEDANCE of, if applicable, to the most unfavourable load impedance connected to the output
TERMINALS including short-circuit and open circuit.
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4.3.7 Motors are stalled.

4.3.8 Motors, relay coils or the like, intended for short-time or intermittent operation, are operated
continuously if this can occur during operation of the apparatus.

4.3.9 The apparatus is connected simultaneously to alternative types of supply unless this is prevented
by the construction.

4.3.10 Output TeERMINALS Of apparatus supplying power to other apparatus, except maiNns socket-outlets
DIRECTLY CONNECTED TO THE MAINS, are connected to the most unfavourable load impedance, including short
circuit. mains socket outlets shall be loaded with 1,1 times the highest load possible based on over-current
protection and_the outlet configuration except where the wiring to the socket outlet has the same

cross-sectio

4.3.11 The
covered on€
surface, coVv|

Openings of
pieces of ca

Openings or
to the horizd

On the back
freely.

NOTE There

4.3.12 If it i
with one or

NOTE CAUTI

4.3.13 For
connected

hal area as the mains cord.

fop, sides and the back of an apparatus, if such surfaces have ventilation)openi
at a time with a piece of card of 200 g/m? density with dimensions nottfess thari
ering all openings.

) different surfaces on top of the apparatus (if any) are covered simultaneously|
rad.

top of the apparatus, on a surface inclined at an angle-greater than 30° and sma
ntal, from which an obstruction is free to slide, aresexcluded.

and the sides of the apparatus, the card is attached to the upper edge and alld

s no test for the bottom surface.

5 possible to insert user replaceable batteries with reversed polarity, the apparg
more batteries with both intended and reversed polarity.

DN, there is a danger of expldsion when this test is applied.

Citizen’s Band apparatus, the most unfavourable load impedance, including sh
D the antenna FerminaL or to the antenna itself, for example a telescopic anten

antenna Ten

INAL s provided-”’ The transmitting test conditions are specified in IEC/TS 61149

4.3.14 For gpparatusyto be supplied from an a.c. mains and provided with a voltage setting
set by the user, connection to a supply voltage of 250 V a.c., with the mains voltage setting
most unfavaurable position.

ngs, shall be
each tested

by separate

aller than 60°

wed to hang

tus is tested

ort circuit, is
na, when no

device to be
Hevice at the

4.3.15 Apparatus designed to be supplied by a speciAL supPLY APPARATUS With a voltage setting device for
the output voltage, specified by the manufacturer of the apparatus, shall be tested by adjusting this
voltage setting device to any output voltage.

During this test, 4.2.2 is applied, except that the specIAL suPPLY APPARATUS IS fed by itS RATED SUPPLY VOLTAGE.

The test need not be made if the current consumption of the apparatus under test cannot exceed 0,2 A
for more than 2 min, for example by the operation of a fuse.
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4.3.16 Apparatus which can be supplied by supPLy APPARATUS FOR GENERAL USE Shall be tested by using a
test power supply as specified in Table 2 step by step upwards, starting with the value one step above

the value sp

ecified for the rRATED suppLY VOLTAGE Of the apparatus under test.

This test is not applied to apparatus having a rATED supPLy voLTAGE equal to or higher than the maximum

RATED SUPPLY

VOLTAGE in Table 2.

During this test, 4.2.2 is applied, except that the no-load voltages have their nominal values.

The test need not be made if the current consumption of the apparatus under test cannot exceed 0,2 A

for more tha

n 2 min, for example by the operation of a fuse.

4.3.17 For i
short-circuite

NOTE See al

5 Marking and instructions

5.1 DU Ge

NOTE Additio
14.6.5, Clause

Markings sh
use.

The informafion should preferably be on the exteriarof the apparatus, excluding the bottom. It
0 have it in an area that is easily AceESsIBLE BY HAND, for example under a lid, or o the exterior

permissible {
of the bottor
location of th

Compliance
soaked with
with petrole
marking plaf

Petroleum s

bpparatus with a charging circuit, recharge a fully discharged sPeciAL BATTERY
bal.

o 11.2 and 14.11.3.

heral requirements

hal requirements for marking and instructions are contained in 4.1.4, 4.2.8, 8.18, 9.1.5, 14.4.2, 14
19 and Annex B.

all be permanent, comprehensible and easily~discernible on the apparatus wh

h of a PORTABLE APPARATUS Or an apparatus with a mass not exceeding 7 kg, prov
e marking is given in the instruetions for use.

is checked by inspection and by rubbing the marking sy Hanp for 15 s with a p
water and, at a different place or on a second sample, for 15 s with a piece of
Um spirit. After thiswthe marking shall be legible; it shall not be easily possib
es and they shall.show no curling.

birit, to be-used for reference purposes is defined as follows:

The petrole
volume, a
approximate

m spifit is an aliphatic solvent hexane having a maximum aromatics content

with one cell

6.2.4, 14.6.3.2,

en ready for

is, however,

ded that the

iece of cloth
cloth soaked
e o remove

of 0,1 % by
dry-point of

auri-butanol value of 29, an initial bOII/ng pomt of approx:mately 65 °C a

a reagent grade hexane W/th a minimum of 85 % as n- hexane

ermitted to use

NOTE The designation “n-hexane” is chemical nomenclature for a “normal” or straight chain hydrocarbon. This petroleum spirit is
further identified as a certified ACS (American Chemical Society) reagent grade hexane (CAS# 110-54-3).

A label of conductive material secured in place by an adhesive shall withstand the oven and humidity
conditions described in 12.8 when the label is capable of acting as a bridging agent and resulting in a risk
of fire or electric shock when dislodged.


https://ulnorm.com/api/?name=UL 60065 2020.pdf

SEPTEMBER 30, 2015 UL 60065 47

Six samples are to be tested, each secured to its intended mounting surface. Three samples are to be
subjected to the air-circulating oven conditioning. and three samples are to be subjected to the humidity
conditioning.

Each label shall withstand a minimum peel force of 5.0 N/30 mm width both before and after conditioning.

Letter symbols for quantities and units shall be in accordance with IEC 60027.
Graphical symbols shall be in accordance with IEC 60417 and ISO 7000, as appropriate.

Compliance is checked by inspection.

5.2 DR DUlIdentification and supply ratings

Power supplies and adapters complying with the construction and test requirements-of UL 1310, UL
60950-1 or UL 62368-1 are considered to fulfill the marking requirements of items a through i of this
subclause.

The apparatus shall be marked with the following:

a) maker’s|or responsible vendor's name, trade mark or identification mark;

b) model number or type reference;

c) the symbol for cLass 11 for apparatus without functional €arth: O, IEC 60417-5172 (2003-02)

for cLasg 1 apparatus with functional earth: , IEC 60417-6092 (2011-10)

d) nature df supply:
— 43.c. only with the symbol: A IEC 60417-5032 (2002-10)
— d.c. only with the symbol: ===, IEC 60417-5031 (2002-10)
— 3.c. or d.c. with theSsymbol: ~s, IEC 60417-5033 (2002-10)
— fpr three-phase systems, reference is made to IEC 61293.

€) RATED SUPPLY VOLTAGE Or range of the RaTED suppLY voLTAgEs Which can be applied withou{ operating a
voltage setting device.

App ratus which can be set to different RATED sUPRLY VOL TAGES OF rnngnc of rRATED sSURHI Y VOLTAGES

shall be so constructed that the indication of the voltage or range of voltages to which the
apparatus is set, is discernible on the apparatus when ready for use.

A solidus shall be used for user selectable ratings, for example “110/230 V” and a hyphen shall
be used for a rating range, for example “110-230 V”;

f) rated mains frequency (or range of frequencies) in hertz-if-safety-is-dependenton-the-use-of-the-correct
mains-frequency;

g) RATED CURRENT CONSUMPTION OF RATED POWER CONSUMPTION Of apparatus which can be supplied by suppLy
APPARATUS FOR GENERAL USE. As an alternative the information may be given in the instruction manual.
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The measured consumption at RATED suppLY voLTAGE Shall not exceed the marked value by more
than 10 %;

h) RATED CURRENT CONSUMPTION OF RATED POWER CONSUMPTION for apparatus intended for connection to an a.c.
MAINS supply.

The measured consumption at rRATED suppLY voLTAGE shall not exceed the marked value by more
than 10 %.

i) The date or a dating code not exceeding any three consecutive months of manufacture. The dating
code shall be in an established alphanumeric code affirmed by the manufacturer. The coding system shall

have a mini

um 10 vear repetition cycle. Rubbing compliance is not required.

i) A distinc

ive identification to identify the factory of origin. when the same apparatus!is

produced at

more than o

k)  When th
the risk of e
"CAUTION 4

he factory. Rubbing compliance is not required.

- RISK OF ELECTRIC SHOCK — DO NOT OPEN” — depicted in Figure 19 shall

e enclosure of an apparatus provides the user with a means for accéss’to parts which involve
ectric shock, the combination of the two araphical symbols andrithe supplemential marking —

be provided

on at least g

ne surface of the apparatus enclosure through which the user gains access to t

e interior.

All other en

losure surfaces that provide a means for access to the’interior of the apparatus

for servicing

purposes sh

Il be marked either as indicated in Figure 19, or with the graphical symbol depic

ted in Figure

20 adjacent

) An_audi

to one of the enclosure fasteners on that surface.

and/or_video system consisting of an_eguipment rack and one or more _au

dio or video

components
number(s

is permane

hich have been evaluated as part of the.system. The marking shall be provided
tly attached to the rack. The tag shall be of substantial material such as card

shall be marked to identify the individual*audio and video component type(s) and model

on a tag that
oard. cloth,

plastic or th

equivalent to provide mechanical strength and to discourage removal. The tag

shall have a

hole and be

secured to the rack by a plastic'strap or the equivalent. or be provided with adhe

sive backing

and secure

to the rack as a flag. The tag shall be factory applied and not installed by the U

ser.

m) cLass 1 g

pparatus having touch’current levels greater than 0.75 MIU and equal to or less t

han 3.5 MIU,

as_permitte

I in 9.1.1.1, shallbe provided with the word “CAUTION” and the followin

marking_or

equivalent: ”

TO REDUCE THE'RISK OF ELECTRIC SHOCK, GROUNDING OF THE CEN]

[ER PIN OF

THIS PLUG

MUST BE MAINTAINED.” The marking shall be on_a tag which shall be o

f _substantial

material sug

h as cardboard. cloth. plastic or the equivalent to provide mechanical stre

nath and to

discourage

emoval_The tag shall have a hole and be secured to the cord by a plastic

strap or the

equivalent.

fature rise in

accordance with condition b of Table 3 are marked with the word "CAUTION” and the following or

equivalent "THOT SURFACE". Alternately, one of the symbols shown in Figure 25 may be used.

0) Audio and video apparatus intended for installation in air handling spaces shall be marked, “Suitable

for Air Handlin aces” or “Suitable for Use in Other Environmental Air Spaces in Accordance with
ection 22 of the National Electrical Code”.

If an appliance coupler for Class | is used for Class Il equipment with functional earth connection, the
requirements of Clause 15 and Clause 16 related to Class | construction shall be applied up to the
connecting point of the protective (earthing) conductor to the functional earth.
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Graphical symbols placed on the apparatus, whether required by this standard or not, shall be in
accordance with IEC 60417 or ISO 3864-2 or ISO 7000, if available. In the absence of suitable symbols,

the manufac

turer may design specific graphical symbols.

Care shall be taken so that additional markings and instructions not required by this standard do not
contradict the markings and instructions required by this standard.

Symbols placed on the equipment shall be explained in the user manual.

Compliance
5.3 DR DU

TERMINALS Sha

is checked by inspection.

TERMINALS

I be marked as follows:

a) The wirihg TermINAL intended for connection of the protective earthing condugton associated with the
supply wiring:
@, IEC 60417-5019 (2006-08)
This symbol[shall not be used for other earthing TERMINALS.
b) TeERMINAL$ Which are HAzarDous LIVE under normal operating égnditions, except TERMINALS for pMaiNs supply:
%, IEC 60417-5036 (2002-10)
c) Unless the TermiNaLs are marked with the typetteferences of the apparatus that are pefmitted to be
connected, gutput TERMINALS provided for supply~6f other apparatus except mains supply shall be marked
with
— the nominal output voltage-and frequency; and
— the maximum output current or power;—#-wi ; Fature—+ises
h-i-g-h an—tho altewed-in—Table offhorma erating-conditions-can-oeceur.
When intended to be’installed or interconnected in the field by a skiLLep PErson, the Class of
wirirlg shall be-marked adjacent to the TERmiNALS.
Soclet-outlets providing mains power to other apparatus shall be marked with the power and
currgntiawhich may be drawn.

If there is only one TERMINAL provided for supply of other apparatus, the marking may be put on
the apparatus at any place, taking into account 5.1.

d) Speaker termINALS ON apparatus. other than porTABLE APPARATUS, that is not

rovided with speakers and

associated wiring shall be provided with a marking adjacent to the TerminaLs as identified below:

— ”Class 1 Wiring” for TerminaLs with a measured open-circuit voltage exceeding 300 V r.m.s.
when delivering NON-CLIPPED QUTPUT POWER, OF

— ”"Class 3 Wiring” for TerminaLs with a measured open-circuit voltage exceeding 120 V r.m.s.
but not exceeding 300 V r.m.s. when delivering NON-CLIPPED OUTPUT POWER, OF
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— "Class 2 Wiring” for all other TerminaLs provided the audio output power exceeds 10 W per
channel under normal operating conditions or the apparatus is intended to be installed or
interconnected in the field by a skiLLED PERSON.

The operation manual shall discuss the risks involved, precautions to be taken as well as the reason for

them. and instructions as to the proper connecting and insulating technigues to be used when connecting
a speaker.

Compliance is checked by inspection.

5.4 DU Caution marking

The following markings shall be included as applicable:
a) Where |n a manufacturer's service documentation, for example in circuit diagramg or lists of
components| a symbol is used to indicate that a specific component shall bg‘replaced|only by the
component gpecified in that documentation for safety reasons, the following symbel shall befused:

A, 1SO 7000-0434 (2004-01)

This| symbol may also be put adjacent to the relevant component.
This| symbol shall not be placed on components.
b) Where g loudspeaker grille, removable from the outside by the use of a tool, coin or other object, is

relied on ag protective cover (see 9.2), the followingémarking, or equivalent, shall be visible on the
enclosure after removal of the grille:

CAUTION

To prevent electrié.shock hazard, do not connect to mains
power-supply while grille is removed.

Alternatively, the symbol 4, IEC 60417-5036 (2002-10) shall be visible after removall of the grille
and [the caution wording‘above shall appear in the user instructions, accompanied by the
sympol.

c) If an apparatus coniains a user-replaceable coiN / BUTTON CELL BATTERY, the following:

A, ISO 7000-0434 (2004-01), or

, tombination of ISO 7000-0434 (2004-01) and ISO 7000-1641 (2004-01).

This marking is not required where these batteries are not intended to be replaced or are only
accessiBLE after damaging the apparatus.

d) When an apparatus is provided with safety related graphical symbols, the instructions shall include

an illustration of the graphical symbols and an explanation of their meaning. Those symbols that are
visible only after removal of a servicing cover by a skiLLED PERsON are only required to be explained in the
service instructions. Explanations of required symbols in the operating manual shall precede any
operating instructions.

Compliance is checked by inspection.
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NOTE
a plug or an appliance coupler, or both, and in addition is intended for connection to other apparatus or a network shall, if safety
relies on connection to protective earth or if surge suppressors are connected between the network TERMINALS and ACCESSIBLE
parts, have a marking stating that the apparatus must be connected to an earthed MAINS socket-outlet.

In Finland, Norway and Sweden, CLASS | apparatus which is intended for connection to the building installation wiring via

5.5 DU Instructions

5.5.1 When Information with regard to safety is required according to this standard_-this This information
shall be given in_a separate booklet or sheet, or be located before any operating instructions in an
instruction for installation or use and supplied with the apparatus. This information shall be given in a
language acceptable to the country where the apparatus is intended to be used.

The importaht safety instructions shall be entitled “Important Safety Instructions”. The following safety
instructions shall be included where applicable, and, when used, shall be verbatim as follows. Additional
safety information is not prohibited from being included by adding statements after the”end of the following
safety_instruiction list. At the manufacturer’s option. a picture or drawing that illustrates the intent of a
specific_safety instruction _is_not_prohibited from being placed immediately_adjacent td that safety
instruction.

1) Read these instructions.

2) Keep these instructions.

3) Heed all warnings.

4) Hollow all instructions.

5) Do not use this apparatus near water.

6) (lean only with dry cloth.

7) Do not block any ventilation ©penings. Install in accordance with the manufacturer’s

instructions.

8) Do not install near_any heat sources such as radiators, heat reqisters. stoves. or|other

a ratus (including- amplifiers) that produce heat.

9) Do not defeatthe safety purpose of the polarized or grounding-type plug. A polatized plug

has fwo blades with one wider than the other. A grounding type plug has two bladeg and a third

arounding-prong. The wide blade or the third prong are provided for vour safety. If the provided

plug| does-not fit into your outlet, consult an electrician for replacement of the obsoldgte outlet.

10) Protect the power cord from being walked on or

receptacles, and the point where they exit from the apparatus.

11) Only use attachments/accessories specified by the manufacturer.

12

se onl

inched particularly at plugs. convenience

with the cart. stand. tripod. bracket. or table specified by the manufacturer, or sold

with the apparatus. When a cart is used, use caution when moving the cart/apparatus
combination to avoid injury from tip-over.

13) Unplug this apparatus durin

lightning storms or when unused for lon

eriods of time.
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14) Refer all servicing to qualified service personnel. Servicing is required when the apparatus
has been damaged in any way, such as power-supply cord or plug is damaged. liquid has been
spilled or objects have fallen into the apparatus. the apparatus has been exposed to rain or

moisture, does not operate normally, or has been dropped.

The symbol in Figure 21 shall be shown adjacent to the text of item 12 above.

NOTE Reference is made to ISO/IEC Guide 37.

If safety rele

minimum

vant, the following information should be included as far as applicable:

distances around the apparatus for sufficient ventilation;

lation should not be impeded by covering the ventilation openings with iterlns, such as

— the vent

newspapers| table-cloths, curtains, etc.;

— no naked flame sources, such as lighted candles, should be placed on the apparatus;

— attention|should be drawn to the environmental aspects of battery disposal;

— the use of apparatus in tropical and/or moderate climates.

5.5.2 DU In} addition, the instructions shall include the following.as far as applicable.

a) For maing powered apparatus and for apparatus produeing internal voltages greater than[ 35 V (peak)
a.c. or d.c., having no protection against splashing water, according to Annex A, the instructions for use
shall state tHatthe-apparatus-shat-not-be-exposed-to dripping-or-splashing-and-that-no-obje¢tsfilled-with
liguids;suechi-as-vases;shall-be-placed-on-the-apparatus “WARNING” and the following or equivalent, “To

reduce the r

b) A warni
external wiri
ready-made

c)

sk of fire or electric shock, do not eéxpose this apparatus to rain or moisture.”.

ng that TerminaLs marked with, the symbol according to 5.3 b) are HAazarpous LIVE
hg connected to these TERMINALS requires installation by an INSTRUCTED PERSON g
leads or cords.

If an apparatus is providedswith a replaceable lithium battery, the following applies:

the battery is intended to be replaced by the user, there shall be a warning clo

batt¢ry or in both:the instructions for use and the service instructions;

the

the battery is not intended to be replaced by the user, there shall be a warning
battery or in the service instructions.

and that the
r the use of

5e to the

close to

This

warning shall include the following or similar text:
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CAUTION
Danger of explosion if battery is incorrectly replaced.
Replace only with the same or equivalent type.

d)
a protective

A warning that an apparatus with cLass | construction shall be connected to a mains socket outlet with
earthing connection.

f)

place, the f

lowing or similar text shall be marked on or provided with the apparatus-

If the apparatus is not tested to the stability requirements of 19.2, 19.3 or 19.4 due to fastening in

WARNING

To prevent injury, this apparatus must be securely attached to the
floor/wall in accordance with the installation instructions.

g) A wami
such as sun

h) If the af
safety imploj
wording with

ng that batteries (battery pack or batteries installed) shall not be-exposed to ex
shine, fire or the like.

paratus is provided with a CRT with protective film attached to the faceplate a
sion protection system in accordance to {EG61965<UL 61965, the following
a similar meaning, shall be given in the instructions:

cessive heat

s part of the
warning, or

WARNING
The CRT in this apparatus employs.d-protective film on the face.

This film must not be removed asit serves a safety function and
removal will increase-the risk of serious injury.

i) The instn
the home arf

uctions for installation or use previded with non-floor standing televisions likely t
d weighing over 7 kg shall caontain the following information or equivalent:

0 be used in

WARNING

Never place a televisign sét in an unstable location. A television set may fall, causing serious
personal injury or death. Many injuries, particularly to children, can be avoided by taking simple
precautions such as:

Using cabinets or stands recommended by the manufacturer of the television set.
Only using furniture that can safely support the television set.
Ensuring the television set is not overhanging the edge of the supporting furniture.

If

Not placing the television set on tall furniture (for example, cupboards or bookcases) without

| ancharing hath the furniture and the television set to a suitable support
Not placing the television set on cloth or other materials that may be located between the
television set and supporting furniture.

Educating children about the dangers of climbing on furniture to reach the television set or its
controls.

your existing television set is being retained and relocated, the same considerations as above

should be applied.
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Compliance is checked by inspection.

NOTE 1 In China, the protective earthing of the building installation needs to be isolated from the screen of a cable distribution
system. An isolator providing electrical insulation shall comply with insulation resistance of Clause 10.4 for BASIC INSULATION, and
the antenna coaxial socket incorporating this isolator should comply with mechanical stress tests in 12.5. It is, however, accepted
to provide the insulation external to the equipment, the user manual shall then have the following or similar information in Chinese:

Equipment connected to the protective earthing of the building installation through the MAINS connection or through other equipment
with a connection to protective earthing — and to a cable distribution system using coaxial cable, may in some circumstances create
a fire hazard. Connection to a cable distribution system has therefore to be provided through a device providing electrical isolation

which can withstand insulation resistance for BASIC INSULATION.

NOTE 2 In Ndg
entrance of the
of the building i

It is, however, g
isolator, which

The user manu|

on in what country the apparatus is intended to be used:

“Apparatus con
with a connecti
create a fire ha
isolation below

In Norway, dug
MHz. The insul

Translation to
nettplugg og/ell
dette skal det v

Translation to S
ar kopplad till k

néat galvanisk isolator finnas-mellan apparaten och kabel-TV néatet.”

)

For appgratus.containing a user-replaceable coin / BUTTON CELL BATTERY, the following text g

rway and Sweden, the screen of the coaxial cable of the television distribution system is normally,ng
building and there is normally no equipotential bonding system within the building. Therefofe the prg
hstallation needs to be isolated from the screen of a coaxial cable based television distfibution syst

cceptable to provide the insulation external to the apparatus by an adapter or an-interconnection calj
nay be provided by a retailer, for example.

Bl shall then have the following or similar information in Norwegian and-Swedish language respecti

hected to the protective earthing of the building installation through the MAINS connection or through
bn to protective earthing — and to a television distribution, System using coaxial cable, may in som4
rard. Connection to a television distribution system therefote has to be provided through a device prg
A certain frequency range (galvanic isolator, see IEC 60728-11)".

htion shall withstand a dielectric strength.of 1,5 kV r.m.s., 50 Hz or 60 Hz, for 1 min.
Norwegian (the Swedish text will @lso be accepted in Norway): “Apparater som er koplet til besH
Br via annet jordtilkoplet utstyr= og'er tilkoplet et koaksialbasert kabel-TV nett, kan forarsake brannfg

d tilkopling av apparater til*kabel-TV nett installeres en galvanisk isolator mellom apparatet og kab

wedish: "Apparater.som ar kopplade till skyddsjord via jordat vagguttag och/eller via annan utrustnir
hbel-TV nat kan j vissa fall medféra risk f6r brand. Fér att undvika detta skall vid anslutning av apparg

t earthed at the
tective earthing
bm.

le with galvanic

ely, depending

pther apparatus
circumstances
viding electrical

to regulation for CATV-installations, and in.Sweden, a galvanic isolator shall provide electrical indulation below 5

yttelsesjord via
re. For & unnga
pI-TV nettet.”

g och samtidigt
ten till kabel-TV

r equivalent:
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WARNING
Do not ingest the battery, Chemical Burn Hazard

(The remote control supplied with) This product contains a coin/button cell battery. If the coin/button cell battery is swallowed, it

can cause severe internal burns in just 2 hours and can lead to death.
Keep new and used batteries away from children.

If the battery compartment does not close securely, stop using the product and keep it away from children.
If you think batteries might have been swallowed or placed inside any part of the body, seek immediate medical attention.

NOTE The part between the brackets can be deleted if the battery is located in the apparatus instead of the remote control.

This warning is not required where these batteries are not intended to be replaced or are only AccessiBLE

after damag

ng the apparatus.

5.5.3 With r

a) where th
shall remain

b) where a

function of the switch shall be described, and the switch shall remain readily operable; and

c) for PERMA
breaker, the

Marking of the off-position by the relevant symbol according to IEC 60417-5008 (2002-10) or

IEC 60417-§
MAINS supply

Where mark
disconnecte
instructions.

Compliance

5.5.4 DU V]

bgard to devices for disconnection from the MAINS, instructions shall state-that:

e MAINs plug or an appliance coupler is used as the disconnect device,\the disco
readily operable;

h all-pole mains swiTcH is used as the disconnect device, the location on the appal]

installation shall be carried out in accordance with-all’applicable installation rulg
010 (2002-10) is permitted only for an all-pole mains switcH which interrupts all
except the protective earthing conductor

ng, signal lamps or similar means might give the impression that the apparatus i
j from the mains, information that.states clearly the correct situation shall be ing
If symbols are used, their meaning shall also be explained in the instructions.

is checked by inspectioh.

hen apparatus opération and installation instructions contain instructions for ug

nnect device

atus and the

NENTLY CONNECTED APPARATUS provided neither with an allzpole mains switcH nor an ajl-pole circuit

S.

according to
poles of the
s completely

luded in the

e by service

personnel. s

Lich instructions-shall be separate in format from other instructions and preceded

by the word

"CAUTION”

and the follewing or the equivalent. “These servicing instructions are for use

by _qualified

service pers

bnnel onlya To reduce the risk of electric shock do not perform any servicing ot

her than that

contained in

6 Hazardoy

the operating instructions unless you are qualified to do so.”

s radiations

6.1 DR lon

izing radiation

Apparatus including a potential source of ionizing radiation shall be so constructed that personal
protection against ionizing radiation is provided under normal operating conditions and under fault
conditions.

Compliance is checked by—measurement—tnder—the—following—econditions in_accordance with the
requirements in the United States Code of Federal Regulations, Title 21, Chapter 1, Subchapter J,
Sections 1010.2, 1010.3, and 1020.10 by measuring the radiation produced by the apparatus employing
a production representative unit.
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Ty "
ot oirectve

a hAoriz, a3l roacaliitinn-— eonrroenondina—to—oat Joact 1 5 MEl> in tha ~antra with-—a cimilar vaortinal
a T1T19TTL ar 1CoVUITUtltivIiT CUTTC O, urrai ly U at Jdodaot l,‘J IT TZ T arc—COCITTLT U, vwWiarT a ornrniar veoertiodal
degradationand

6.2 DR Laser radiation

An apparaty
radiation is {

s containing a LAasErR\sysTem shall be so constructed that personal protection
rovided under aormal operating conditions and under fault conditions.

Rot-apply
1040.11.

against laser
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Verifying that the manufacturer’s markings and labels having the information specified in the CFR are
ffixed on the laser product (as defined in the CFR):

b
a

interlocks. and

Determining that the corresponding construction features, such as protective_housin

similar features. are provided in accordance with the CFR; and

C

S

that the resulting construction complies with the construction requirements of thi.

Determinin

d

standard.
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6.3 Light emitting diodes (LEDs)
Equipment dontaining LEDs that produce optical radiation within the Risk Group 3 limits spdcified in IEC
62471 in a wavelength range 200 nm to 3 000 nm, as specified by the lamp manufacturer, shall be
provided with means (such as an interlock, barriéfs, guards or the equivalent) to reduce the|likelihood of
the Risk Grpup 3 optical radiation from appeatring in user AccessiBLE areas. Low power applications of
LEDs need not comply with IEC 62471.
NOTE 1 Somg¢ examples of low power applications of LEDs that will normally comply are those used as:
— indicating lights;
— infra-red deYices such as arg used in home entertainment devices;
— infra-red deyices for datastransmission, such as are used between computers and computer peripherals;

optocoupler

5; and

other similar low power devices.

Compliance is checked by evaluation of available data sheets, by inspection and, if necessary, by
measurement.

NOTE 2 For guidance on measuring techniques, see IEC 62471.

NOTE 3

If optical radiation is broadband visible and IR-A radiation and the luminance of the source does not exceed 104 cd/m2, it

is expected that the radiation does not exceed the exposure limits given in 4.3 of IEC 62471:2006 (see 4.1 of IEC 62471:2006).
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7 Heating under normal operating conditions

7.1 General

7.1.1 Requi

rements

During intended use, no part of the apparatus shall attain an excessive temperature.

Compliance is checked by measuring the temperature rises under normal operating conditions when a

steady state

NOTE 1 Inge

has been attained.

neral, a steady state is assumed to be attained after 4 h of operation.

Temperaturd

in the c4
average tem
of the resist,
negligible; a

— in other

Temperaturd

Any single
defeated, ex

a) THERMAL
b) p7C THER

Consequent
operated at

7.1.2 accessBLE parts

The temperd
operating co

P rises are determined:
se of winding wires, by the change in resistance method or any other methd
perature of the winding wires. Care should be taken to ensure that during the n
hnce of winding wires, the influence of circuits or loads connected’to these win
hd

rases, by any suitable method.

b rises shall not exceed the values specified in 7.1:2.t0 7.1.6 inclusive.

brotective device or component of a protective circuit operating during the 1
cept for:

CuT-ouTs With automatic reset complyingswith 14.6.2; and
IsTors complying with 14.6.4.

ly, if continuous operation ©f an Aubio AMPLIFIER iS not possible, the amplifier
the maximum possible signal level permitting continuous operation.

iture rise of acCessiBLE parts shall not exceed the values given in Table 3, item
nditions”,

d giving the
heasurement
ding wires is

est shall be

hall also be

a), "Normal
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7.1.3 Parts, other than windings, providing electrical insulation

The temperature rise of insulating parts, other than windings, providing BASIC INSULATION, SUPPLEMENTARY
INSULATION, OF REINFORCED INSULATION, and of insulating parts, the failure of which would cause an infringement
of the requirements of 9.1.1 or a fire hazard, shall not exceed the values given in Table 3, item b) “Normal
operating conditions”, taking into account condition d) of Table 3.

If an insulating part is used to establish a cLearance or to contribute to a creepAGe DISTANCE and its
permissible temperature rise is exceeded, then the relevant area of the insulating part is disregarded when
compliance with Clause 8 and Clause 11 is checked.

7.1.4 Parts acting as a support or a mechanical barrier

ment of the

The temper|
requirement

7.1.5 Windi

The temperd

hazard shall

If an insula
permissible

ature rise of parts, a mechanical failure of which would cause an infringe
5 of 9.1.1, shall not exceed the value given in Table 3, item ¢) “Normal opérating

ngs

ture rise of windings comprising insulation providing protection against electric
not exceed the values given in Table 3, items b) and d) “Nqormal operating con

ing part is used to establish a cLEaRaNCE or to contribute to a CREEPAGE DisT|
emperature rise is exceeded, then the relevant area of the insulating part is disre

conditions”.

shock or fire
Hitions”.

UNCE and its
harded when

compliance with Clause 8 and Clause 11 is checked.

NOTE If the i
temperature is

hsulation is incorporated in a winding in such a waythat its temperature rise cannot be measu
hssumed to be the same as that of the winding wire:

ed directly, the

7.1.6 Parts [not subject to a limit under 7.1.2:16'7.1.5 inclusive
According td the nature of the material, the temperature rise of the part shall not exceed the values given
in Table 3, ifem e), “Normal operating-conditions”.
Table 3 DC DE DU —‘Permissible temperature rise of parts of the apparatus
Normal Fault
operating conditions 2
conditions 2
Parts of the apparatus K K
a) ACCESYSIBLE:parts
Knobs, handles, etc. if
- metallic 30 65
- non-metallic © 50 65
Enclosures if
- metallic ° 40 65
- non-metallic ©: ¢ 60 65
b) Parts providing electrical insulation 9
Supply cords and wiring insulation with
- polyvinyl chloride or synthetic rubber
. not under mechanical stress 60 100
3 under mechanical stress 45 100

Table 3 DC DE DU - Permissible temperature rise of parts of the apparatus Continued on Next Page
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Table 3 DC DE DU - Permissible temperature rise of parts of the apparatus Continued
Normal Fault
operating conditions 2
conditions 2
Parts of the apparatus K K
- natural rubber 45 100
Other insulations of:
- thermoplastic materials © f f
- non-impregnated paper 55 70
- non-impregnated cardboard 60 80
- impregnated cotton, silk, paper and textile 70 90
- laminates based on cellulose or textile, bonded with
. phenol-formaldehyde, melamine-formaldehyde, phenol-furfural or 85 110
polyester
. epoxy 120 150
- mouldings of
. phenol-formaldehyde or phenol-furfural, melamine and melamine
phenolic compounds with
— cellulose fillers 100 130
— mineral fillers 110 150
. thermosetting polyester with mineral fillers 95 150
. alkyd with mineral fillers 95 150
- domposite materials of
o polyester with glass-fibre reinforcement 95 150
. epoxy with glass-fibre reinforcement 100 150
- dilicone rubber 145 190
c) Parts agting as a support or a mechanical barrier including the inside of enclosures ¢
Wood gnd WOOD-BASED MATERIALS 60 90
Thermaplastic materials © f f
Other materials d d
d)  Coil Wihding wires and insulation systenis'® 9
- insulated with
. non-impreghated-sitk-eotton—ete: Class 105 (A) insulation system 5575 #5110
3 impregnated-sitkeotton—ete: Class 120 (E) insulation system 70 90 100 125
3 elegrestnous-materials Class 130 (B) insulation system 70 95 135 130
. pelyvinyl-formaldehyde-orpolyurethane+esins Class 155 (F) insulation 85115 150
system
¢ polyesterresins Class 180 (H) insulation system 20 135 +55 170
* polyesterimideresins 45 186
e) Other patts
These temperature rises apply to parts not covered by items a), b), ¢) and d):
Parts of wood and WOOD-BASED MATERIAL 60 140
Lithium batteries 40h 501
Resistors and parts of metal, glass, ceramic, etc. No limit No limit
All other parts 200 300

Conditions applicable to Table 3

Table 3 DC DE DU - Permissible temperature rise of parts of the apparatus Continued on Next Page
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Table 3 DC DE DU - Permissible temperature rise of parts of the apparatus Continued

Normal Fault
operating conditions 2
conditions 2
Parts of the apparatus K K

For tropical climates, permissible temperature rises of 10 K less than those specified in this table are required.

The values of the temperature rises are based on a maximum ambient temperature of 35 °C for moderate climates and of
45 °C for tropical climates.

Where the temperatures are thermostatically limited by a THERMAL CUT-OUT with automatic reset or a PTC
THERMISTOR, the measured temperature on the part shall not exceed 35 °C plus the permitted rise of Table 3.

Materials rated in accordance with UL 746B. for higher operating temperatures, are not prohibited from being used at the
higher gperatingtemperature:
For parfs not likely to be touched during intended use, temperature rises up to 65 K are allowed undernorrpal operating
conditigns. The wooden test box of 4.1.4 shall not be used when evaluating access to parts likely ta betouhed. The
following parts are considered not likely to be touched:
the rear and bottom panels, except those incorporating switches or controls handled durihg normal Use,

- the external heatsinks and metallic parts directly covering external heatsinks, except\those on surfaces incorporating
gqwitches or controls handled during normal use, and

- the parts of the top surface which are more than 30 mm below the general plane of the top surface.
For out$ide parts of metal which are covered with plastic material, the thickness of which is at least 0,3 mnj, a temperature
rise which corresponds to the permissible temperature rise of the insulating material is allowed.
The 65|K rise limit may be applied to the enclosure covering an internal heatsink, if:

- the symbol (IEC 60417-5041 (2002-10)) or the marking of 5.2 n)4s marked on or adjacent to the hedted area of the
qurface of the enclosure, and
- the minimum distance over the surface of the product between this area and any control intended to|be operated
during use is 150 mm or greater, and

- the instruction manual gives information regarding the\heated area.
If these|temperature rises are higher than those allowed by*the class of the relevant insulating material, thg nature of the
materia| is the governing factor.
For the|purpose of this standard, the permissible temperature rises are based on service experience in relgtion to the
thermal|stability of the materials. The materials quoted are examples. For materials for which higher tempefature limits are
claimed, and for materials other than those listed, the maximum temperatures shall not exceed those whict| have been
proved fo be satisfactory, for example in ac¢ordance with tEG-66085 UL 1446.

Natural|rubber and synthetic rubbers @rewnot considered as being thermoplastic materials.

Due to

order tq determine the softening_temperature of a specific thermoplastic material, the Vicat softening tempe}
the material manufacturer, or; as-determined by the test B50 of ISO 306 shall be used. If the material is noj

heir wide variety, it is not pessible to specify a generic permissible temperature rise for thermoplasf

c materials. In
rature data from
known or if the

actual temperature of the parts’exceeds the softening temperature, the test described under 1) shall be usgd.

1) the softening temperature of the material is determined on a separate specimen, under the conditionjs specified in
IBO 306 with7a heating rate of 50 °C/h and modified as follows:
1 the(depth of penetration is 0,1 mm; and
. the“total thrust of 10 N is applied before the dial gauge is set to zero or its initial reading notegl.

2) the temperature limits to be considered for determining the temperature rises are:

£ 40 1 bl

3 } 41 it s 4 i £3 o0 s 4 . a
O RS e S erat g CoORGHISRST AP eratuf e oo ot oW meSoemgemperatte—ant

- for fault conditions, the softening temperature itself.

If the required softening temperature exceeds 120 °C, condition ¢ shall be taken into account.
For switch mode transformers temperature rises may be measured with a thermocouple placed as close as practicable to

the winding. The permitted temperature rise shall be 10 K less than that given in Table 3.
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7.2 DC Heat resistance of insulating material

A thermoplastic Insulating material supporting parts conpucTIVELY CONNECTED TO THE MAINS Shall be resistant
to heat if, during intended use, these parts carry a steady-state current exceeding 0,2 A and can generate
substantial heat due to imperfect contact.

Compliance is checked by inspection of the rating as specified in note a of Table 3 subjecting the
insulating material to the test specified in Table 3, condition f or by a review of data from the material

manufacturer.

The softening temperature or rating of the insulating material shall be at least 150 °C.

In those cages where two groups of conductors, each supported by insulating parts,c€a

connected

the test. Where one of the insulating parts is fixed in the apparatus, this part shall megt'the

NOTE 1 Exal
devices, screw

NOTE 2 This
8 Construc

8.1 DU Co
textile, oxidg

A _metal palf

joined together, for example by plug and socket, only one of the insulating. pari
ples of parts which can generate substantial heat during intended use are contacts df switches and o]
[TERMINALS and fuse holders.

est need not be performed on parts which are in accordance with a relevant IEC or UL standard.

tional requirements with regard to the protection against electric shock

films or beads are considered to be bare.

t that is _not_inherently resistant to_coresion shall be protected against cor

ain be rigidly
s need meet
test.

f voltage setting

nductive parts, covered only by lacquer, solvent-based enamel, ordinary papgr, untreated

rosion_when

corrosion of

that part is capable of contributing to oriresulting in_a risk of fire, shock, or injur

fo persons.

Compliance

8.2 The apg

changing
— replacing

handling

does not inv

is checked by inspection.

aratus shall be designed and‘constructed so that operations By HaAND, such as
the setting for the voltage or nature of supply;

fuses and indieator lights; and

of drawers, etc.,

plve a-risk of electric shock.

Compliance

s checked hy Qpplir‘::ﬁnn of the tests of 9 1 1
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8.3 The insulation of Hazarpous LIVE parts shall not be provided by hygroscopic materials.

Compliance

is checked by inspection and, in case of doubt, by the following test.

A specimen of the material, as specified in Clause 9 of IEC 60167:1964, is subjected to a temperature of

(40 + 2) °C,

and a relative humidity of 90 % to 95 %, the conditioning period being:

— 7 days (168 h) for apparatus to be used under tropical conditions;

— 4 days (96 h) for other apparatus.

Within 1 min_after this preconditioning, the specimen shall withstand the tests of 10.4 without the humidity

treatment ad

8.4 The apq
or from thos

This require
removal of g

This requirement does not apply to battery compartments inside the apparatus, where the re

their batterig
Compliance

NOTE Inacce
b) or intended t

cording to 10.3.

aratus shall be so constructed that there is no risk of an electric shock from Acq
b parts rendered accessisLE following the removal By Hanp of a cover.

ment applies also to internal parts of battery compartments which-become accH
cover when replacing the batteries.

s by the user is not intended, for example batteries farmemories.
is met by satisfying the requirements of 8.5 or 8.6:

sible contacts of TERMINALS are regarded as ACCESSIBLE parts, unless marked with the symbol
p connect the apparatus to the MAINS or to provide \MAINS power to other apparatus.

ESSIBLE parts

ssiBLE by the

blacement of

hccording to 5.3
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8.5 For cLass | apparatus, the accessiBLE conductive parts, except for those parts of the apparatus which
have pouBLE Or REINFORCED INSULATION (cLAss Il construction), shall be separated from HazarDouUs LIVE parts by
BASIC INSULATION meeting the insulation requirements as specified in Clause 10 and the requirements for
CLEARANCES and CREEPAGE DISTANCES as specified in Clause 13.

This requirement does not apply to insulations whose short-circuiting does not cause any electric shock
hazard.

NOTE 1 For example, if one end of a secondary winding of a SEPARATING TRANSFORMER is connected to an ACCESSIBLE
conductive part, the other end need not meet any special insulation requirement with regard to the same ACCESSIBLE conductive

part.

A resistor f
requirement

A capacitor

part connectled to the PROTECTIVE EARTHING TERMINAL, shall comply with the requirements of 14.3

Such resisto

CLASS | appa
earthing corf
Such conneq
LIVE parts by
becoming HA

NOTE 2 Exanpples of such a conductive part are a metal screen in a transformer between the primary and the seco

a metal chassig
Compliance

8.6 ForcLas
INSULATION Sp

This require
hazard.

EXAMPLE If of
part, the other 4

a) |If Accesq

ridging BASIC INSULATION, DOUBLE INSULATION OF REINFORCED INSULATION shall com
5 as specified in 14.2 a).

br RC-unit bridging Basic iNsuLATION between a HAazarbous LIVE part and aiAccessiey

rs, capacitors or RC-units shall be positioned inside the enclesure of the apparg

tacts of socket-outlets, if any, and AccessiBLE condugclive parts shall be reliably
tion is not necessary for those accessiBLe conductive\parts which are insulated frq

DOUBLE OF REINFORCED INSULATION (cLAss I construction) or those which are pr
zARDOUS LIVE by a conductive part reliably connegted to the PROTECTIVE EARTHING TE

, etc.

is checked by inspection.

bcified under item a) or Oy, REINFORCED INSULATION Specified under item b).

ment does not apply-to insulations whose short-circuiting does not cause any e
e end of a_secondary winding of a SEPARATING TRANSFORMER is connected to an ACCESSI
bnd need(Mot‘'meet any special insulation requirement with regard to the same ACCESSIBLE condu

IBLE.parts are separated from Hazarbous LIVE parts by Basic and SUPPLEMENTARY IN

following shallapply

bly with the

E conductive
.2 a).

tus.

atus shall be provided with a PROTECTIVE EARTHING TERMINAE\OF contact to which the protective

connected.
M HAZARDOUS
ptected from
RMINAL.

ndary windings,

5 1 apparatus, the accessiBLe(parts shall be separated from Hazarbous LIVE parts either by bousLe

ectric shock

BLE conductive
Ctive part.

SULATION, the

Each of these insulations shall comply with the insulation requirements as specified in Clause
10 and with the requirements for cLearancEs and creeraGe DIsTANCES specified in Clause 13.

Enclosures of wood not complying with the requirements of 8.3 are permitted as supPLEMENTARY
InsuLATION if they withstand the dielectric strength test of 10.4.

Compliance is checked by inspection and/or measurement.

b)
apply:

If AccessiBLE parts are separated from HazARDOUS LIVE parts by REINFORCED INsuLATION the following shall
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The insulation shall comply with the insulation requirements specified in Clause 10. Moreover, it
shall comply with the requirements for cLearanceEs and creerPAGE DISTANCES specified in Clause 13.

NOT

E An example of assessment of REINFORCED INSULATION is given in Figure 2.

Compliance is checked by inspection and/or measurement.

8.7 Components complying with the requirements of 14.4.5.3 may bridge Basic INsuLATION Only.

All other components complying with the requirements of 14.2 a) or 14.4 may bridge BASIC, SUPPLEMENTARY,

DOUBLE O RE

BAsIC and SuH

values, com

DOUBLE Or REI

— two cap
requirement

a single

NOTE For exi

Such resistqg

Compliance

INFORCED INSULATION.

blying with the requirements of 14.3.2 a).
NFORCED INSULATION may be bridged by:

hcitors or RC-units in series, having the same rated values;\each comply
5 of 14.3.2 a); or

capacitor or RC-unit complying with the requirements of 14.3.2 b).

ernal insulation, bridging DOUBLE or REINFORCED INSULATIGN]) also see 8.8.

is checked by inspection.

rs, capacitors or RC-units shall be positioned inside the enclosure of the appare

PLEMENTARY INSULATIONS may each be bridged by a capacitor or RC-unit, having th¢ same rated

ng with the

tus.
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8.8 Basic, suppLEMENTARY and REINFORCED INSULATION shall each withstand the dielectric strength test as
specified in 10.4.

For pousLE INsuLATION either the Basic or the supPLEMENTARY INSULATION shall have a thickness of at least 0,4
mm.

REINFORCED INSULATION shall have a minimum thickness of 0,4 mm when not subject to any mechanical stress
which, at the temperatures during normal operating conditions and under fault conditions, would be likely
to lead to deformation or deterioration of the insulating material.

Under mechanical stress conditions, the thickness may have to be increased to comply with the insulation
requirements_as specified in Clause 10 and the mechanical strength requirements as specified in Clause
12.

The above fequirements are not applicable to insulation in thin sheet materials ifrespegtive of their
thickness prpvided that

— it is used within the enclosure of the apparatus, and

— BASIC Or JUPPLEMENTARY INSULATION comprises at least two layers of material, each of which will pass the
dielectric strength test specified in 10.4 for BASIC Or SUPPLEMENTARY INSUEATION, OF

— BASIC Or JUPPLEMENTARY INSULATION comprises three layers of material for which all combinations of two
layers together pass the dielectric strength test specified in 104 for BasiC Or SUPPLEMENTARY IN$ULATION, OF

— REINFORCED INSULATION comprises at least two layers of,material, each of which will pass the dielectric
strength tesi specified in 10.4 for REINFORCED INSULATION,\Of

— REINFORCEp INSULATION comprises three layers«of insulation material for which all combingtions of two
layers together pass the dielectric strength test specified in 10.4 for REINFORCED INSULATION.

There is no fequirement for all layers ef(insulation to be of the same insulating material.
For requirements for insulated winding wires for use without additional interleaved insulation), see 8.16.
For test spegifications of non*separable thin sheet insulation, see 8.21.
NOTE The pufpose of thetests' in 8.21 is to ensure that the material has adequate strength to resist damage wher hidden in inner

layers of insulation. Thierefore, the tests are not applied to insulation in two layers. The tests are also |not applied to
SUPPLEMENTARY INSULATION.

Comp/lance ischecked hy inspection and - measurement.

8.9 The insulation of internal wiring between Hazarbous LIvE conductors in wires or cables and AccessiBLE
parts, or between Hazarbous LIVE parts and conductors in wires or cables connected to AccessiBLE
conductive parts, shall have a thickness of at least 0,4 mm if made of polyvinyl chloride. Other materials
are allowed provided that they withstand the dielectric strength test specified in 10.4 and that their
thickness ensures an equivalent mechanical strength, where the construction so requires.

NOTE For example, a polytetrafluoroethylene (PTFE) insulation having a thickness of at least 0,24 mm is considered to fulfil this
requirement.

Compliance is checked by inspection and measurement.
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8.9.1 DC Sleeving, tape, tubing, and wire insulation shall be suitable for the conditions of use, such as
voltage and temperature. and comply with the requirements in UL 224, UL 510. and UL 1441as

applicable.

8.10 DC Component power supplies and their internal insulation complying with the construction and test

requirements of UL 1310, UL 60950-1, and UL 62368-1 are considered to fulfill the test requirements of
this sub-clause.

In cLass 11 apparatus, pousLE INSULATION Shall be provided between

— ACCEssIBLE parts and conductors in wires or cables coNDUCTIVELY CONNECTED TO THE MAINS, and

— conductgrs in wires or cables connected to AccessiBLE conductive parts and parts, [coNnbucTIVELY
CONNECTED TQ| THE MAINS.

Either the BAsic INsuLATION Or the supPLEMENTARY INsULATION shall comply with the requirementg of 8.9. The
other insulation shall withstand the dielectric strength test specified in 10 -for Basic [NsuLATION Or

SUPPLEMENTARJY INSULATION.

If bouBLE INsULATION consists of two layers which cannot be tested separately, it shall withstand the dielectric
strength tes{ specified in 10.4 for REINFORCED INSULATION.

The test voltage of 10.4 is applied between the conductor and/metal foil wrapped tightly around the
insulation of|the wire over a length of 10 cm.

In the case|of insulating sleeves, the test voltage of #0.4 is applied between a tight-fitting metal rod
inserted into| the sleeve and a metal foil wrapped tightly*around the sleeve over a length of 10 cm.

Compliance|is checked by inspection and measurément.
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8.11 The construction of the apparatus shall be such that, should any wire become detached, the
CLEARANCES and CREEPAGE DISTANCES are not reduced below the values specified in Clause 13 by the natural
movement of a detached wire. This requirement does not apply if there is no risk of a wire becoming

detached.
NOTE 1

Compliance

It is assumed that not more than one connection will become detached at the same time.

is checked by inspection and measurement.

NOTE 2 Examples of methods deemed to prevent a wire from becoming detached are:

a) the conduc

as a result of v
b) wires are t

c) wires are f;
series, sleeves

d)

greater than tha

e) the conduc]

f) the conduct
In case of d

8.12 Windo
are rendereq
NOTE  Frictio

Compliance

for 10 s at the most unfavourable place and in the most unfavourable direction.

8.13 Coverqd

TERMINALS (sg¢e Clause~15) shall be fastened by positive means if Hazarbous LIVE parts

ACCESSIBLE by

NOTE Frictior

the condud

or of the wire is anchored to the tag before soldering, unless breakage close to the soldering place i

s likely to occur

bration;
visted together in a reliable manner;

hstened together reliably by cable ties, adhesive tapes with thermosetting adhesives according to
or the like;

or of the wire is inserted into a hole in a PRINTED BOARD before soldering, the hole having a
t of the conductor, unless breakage close to the PRINTED BOARD is dikely to occur as a result of

or of the wire and its insulation, if any, are securely wrapped around the termination by means of a
br of the wire and its insulation, if any, are crimped to thestermination by means of a special tool.
bubt, the vibration test of 12.1.3 is carried \out to verify compliance.

s, lenses, signal lamp covers, etc..shall be fastened by positive means if HAzArRD
AccessiBLE by their absence.

h only is not regarded as a positivé means.

is checked by inspection and, in case of doubt, by applying a force from the ou

which maywbe”subjected to forces during intended use, for example cover

A

g

their absence.

oniynis' not regarded as a positive means.

the IEC 60454
iameter slightly
ibration;

special tool;

DUS LIVE parts

side of 20 N

5 supporting
re rendered

Compliance is checked by inspection and, in case of doubt, by applying a force of 50 N for 10 s at the

most unfavo

urable place and in the most unfavourable direction.

After the tests of 8.12 and 8.13, the apparatus shall show no damage in the sense of this standard; in
particular no HAzarpous LIVE parts shall become ACCESSIBLE.
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8.14 Internal wiring of the apparatus, damage to the insulation of which is liable to cause a hazard in the
sense of this standard, shall

— be secured so as not to contact parts exceeding the permissible temperature rise for the insulation of
the wires as specified in Table 3 when a force of 2 N is applied to any part of the wiring or their
surroundings, and

— be so constructed that there is no risk of damage to the insulation of the wires, for example by sharp
edges, moving parts or pinches, which may come into contact with other parts of the apparatus, when a
force of 2 N is applied to any part of the wiring or their surroundings.

Compliance is checked by inspection and measurement.

8.15 Appargtus designed to be supplied exclusively by a suppLy apparaTUS specified by-the manufacturer
of the apparatus, shall be so constructed that the speciaL suppLY APPARATUS cannot be repldced, without
modification] by a supPLY APPARATUS FOR GENERAL USE.

NOTE The required non-interchangeability can be obtained for example by special connections.
Compliance|is checked by inspection.
8.16 DC Ipsulated winding wires of wound components, the <insulation of which is providing Basic

INSULATION, SUPPLEMENTARY INSULATION, REINFORCED INSULATION OF DOUBEE\INSULATION shall comply with|UL 2353, or
meet the following requirements:

— where thg insulation on the winding wire is used to provide BASIC INSULATION, SUPPLEMENTARY| INSULATION OFf
REINFORCED INBULATION in @ wound component, the insulated wire shall comply with Annex H;

— the minimum number of constructional layer§ applied to the conductor or conductors|shall be as
follows:

e fgr BAasic INsULATION: two wrapped layers or one extruded layer;
e fQr sUPPLEMENTARY INSULATION: two layers, wrapped or extruded;
e f@r REINFORCED INSULATION: three layers, wrapped or extruded.

— where mpre than ene*constructional layer is specified above, it is permitted for the total number of
layers to be |on one(Conductor or shared between the two conductors;

— the insulg
INSULATION if the

ed by pousLE

— if the wire is insulated with two or more spirally wrapped layers of tape, the overlap of layers shall be
adequate to ensure continued overlap during manufacture of the wound component. Layers of tape shall
be sealed if crReePAGE DISTANCES between layers, as wrapped, do not fulfil Clause 13 of this standard;

NOTE For wires insulated by an extrusion process, sealing is inherent to the process.

— where two insulated wires or one bare and one insulated wire are in contact inside a wound
component, crossing each other at an angle between 45° and 90° and subject to winding tension,
protection against mechanical stress shall be provided. The protection can be achieved by one of the
following:
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* physical separation in the form of insulating sleeving or sheet material or using double the
required number of insulation layers, or

e the wound component meets the requirements of 8.17.

— the manufacturer shall demonstrate that the wire has been subjected to 100 % routine dielectric
strength test as specified in Clause H.3.

Compliance is checked by inspection of the part and of the declaration by the manufacturer of the winding
wire.

8.17 Where required by 8.16, the wound component is subjected to the following cycling test, each cycle
consisting of a heat run, a vibration test and a moisture treatment. Measurements according to 8.17 d)
are made before the cycling test and after each cycle.

The numben| of specimens is 3. The specimens are subjected to 10 test cycles.

a) Heat rup
Depgnding on the type of insulation (thermal classification), thesspecimens are kept|in a heating
cabipet for a combination of time and temperature as specifieg-in Table 4. The 10 cycles are
carrled out with the same combination.

The|temperature in the heating cabinet shall be maintained within a tolerance of + 3 °C.

Table 4 — Test temperature and testing time (in days) per cycle

Temperature for the insulation system
Tlest temperature °C

°C 100 115 120 140 165
220 4
210 7
200 14
190 4
180 7
170 14
160 4
150 4 7
140 7
130 4
120 7

Corresponding Tiassification according 1o A E B F H
IEC 60085 and IEC 60216

The manufacturer decides which combination of time and temperature shall be used for the test.

After the heat tests, the specimens are allowed to cool down to ambient temperature before the
vibration test is made.

b) Vibration test
Specimens are fastened to the vibration generator in their normal position of use, as specified

in IEC 60068-2-6, by means of screws, clamps or straps round the component. The direction of
vibration is vertical, and the severity is:


https://ulnorm.com/api/?name=UL 60065 2020.pdf

72

UL 60065

SEPTEMBER 30, 2015

duration: 30 min;

amplitude: 0,35 mm;

frequency range: 10 Hz, ...55 Hz, ...10 Hz;

sweep rate: approximately one octave per minute.

c) Moisture treatment

The

specimens are submitted for two days to the moisture treatment of 10.3.

d) Measur¢ments

Afte
out
freq

Afte

voltd

No

Lency only:

" the dielectric strength test, one input circuit is connected to-a voltage equal to
ge of at least 1,2 times the RATED supPLY VOLTAGE, at double“the rated frequency

conmected in series.

A hi
bein
min.

During this 1
input and o
conductive d

The values (
values and 1

A specimen
no-load inpd
measureme

If, after the d
as not comg

Qher test frequency may be used; the duration of the period of connection, in m

est, there shall be no breakdown of the insulation between the turns of a wind
Ufput circuits, between adjacent inpldt or output circuits, or between the windi
ore.

f the test voltage for the diglectric test according to 10.4 are reduced to 35 % of
he testing times doubled.
t current is at deast 30 % greater than the corresponding value, obtained dur

us

ompletion of all 10 cycles, one or more specimens have failed, the transformer i
lying<with the endurance test.

 each cycle, the insulation resistance is measured and the dielectric stréngth teg
hceording to 10.4. In addition, the following test is made for transformérs operat

bad is connected to the transformer. During the test, polyfilar windings, if any, a

g equal to 10 times the rated frequency dividedyby the test frequency, but not Ig

is considered notde\pass the test if the no-load current or the in-phase comp

st is carried
ng at maiNs

a test
for 5 min.
re

nutes, then
ss than 2

ng, between
ngs and any

the specified

onent of the
ng the initial

5 considered
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8.18 DU If the apparatus is designed to be fed from the mains, a disconnect device shall be provided to
isolate the apparatus from the mains for servicing.

NOTE The following are examples of disconnect devices:

the MAINS plug,

an appliance coupler,

an all-pole MAINS SWITCH,

an all-pole circuit breaker.

Where the N
comply with

Where an al

eontact-sepd
Compliance

For apparatl
be indicated

EXAMPLES M
on-position.

Where the if
Compliance
8.19 A maINg
NOTE Additio
Compliance

8.20 Where
CONNECTED TOQ

Compliance

aINs plug or appliance coupler is used as the disconnect device, instructions
5.5.3 a).

-pole mains switcH or an all pole circuit breaker is used as the disconnect device,

pration-of-atHeast-3-mm-in-each-pole-and-shall disconnect all poles-simultaneou

is checked by inspection and measurement.

s on which a mains switcH is used as a disconnect device, the on-position of the

or use shall

it shall have
>|y

switch shall

rking, illumination, audible indication or other suitable¢megans are considered a typical form of ipdication of the

dication is in the form of marking, the relevant requirements of 5.5.3 shall be cq
is checked by inspection.

switcH shall not be fitted in(the mains flexible cable or cord.
hal requirements for switches, are given in 14.7.

is checked by jnspection.

resistors,capacitors or RC-units are used for bridging contact gaps of switches
THE MAINS; the components shall comply with 14.2 a) or 14.3.3 respectively.

is ‘€ehecked by inspection.

mplied with.

CONDUCTIVELY
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8.21 Non-separable thin sheet material shall comply with 26.3 of IEC 61558-1:2009 or with the following:
Three test samples, each individual sample consisting of three or more layers of non-separable thin sheet
material forming REINFORCED INSULATION, are used. One sample at a time is fixed to the mandrel of the test
fixture (Figure 14) as shown in Figure 15.

A downward force of 150 N £ 10 N is applied to the free end of the sample (see Figure 16), using an

appropriate clamping device. The mandrel is rotated sy HanD without jerks

from the

initial position (Figure 15) to the final position (Figure 16) and back;

as above for the second time;

— from the
If a sample
constitute a
test has faild

After this pn
placed along
surface of th
foil is positio
The foil is th

While the m
strength tes
voltage of 1,

The entire 14

No flashove
disregarded,

8.22 DC Pi

initial position to the final position.

breaks during rotation where it is fixed to the mandrel or the clamping device,
failure and the test is repeated on a fresh sample. If a sample breaks-at any oth
bal.

bconditioning, a sheet of metal foil, 0,035 mm + 0,005 mm_thick, at least 200
| the surface of the sample, hanging down on each side of\the mandrel (see Fig
e foil in contact with the sample shall be conductive, not oxidised or otherwise in
hed so that its edges are not less than 18 mm from the edges of the sample (se
en tightened by two equal weights, one at eachend, using appropriate clampin

andrel is in its final position, and within the»,60 s following the final positioning
is applied between the mandrel and the.metal foil in accordance with 10.4.2,
5 times the value specified in Table 5:for REINFORCED INSULATION, but not less than

St procedure is repeated on the-other two samples.

" or breakdown shall occut ;during the test; corona effects and similar pheng

his does not
er place, the

mm long, is
ure 16). The
sulated. The
e Figure 17).
j devices.

a dielectric

using a test
5 kV.

mena being

nted wiring boardstinvolved with the risk of electric shock shall comply with the fequirements

in UL 796.

9 Electric ghock hazard*under normal operating conditions

9.1 Testing

on the.outside



https://ulnorm.com/api/?name=UL 60065 2020.pdf

SEPTEMBER 30, 2015

UL 60065

75

9.1.1 General

9.1.1.1 DU

Requirements

ACCESsIBLE parts shall not be HAzARDOUS LIVE.

For interconnection with apparatus under the scope of other standards, circuits should comply with 9.1.1
and, depending upon the construction, with 8.5 or 8.6.

In addition, when not connected to another apparatus, inaccessible contacts of TerminaLs shall not be
HAZARDOUS LIVE, with the following exceptions:

contacts
contacts are

parts. Inaccessible input TErmINALS, for example those of loudspeakers, are permittedto-be H

when conne

NOTE

TERMINALS
contacts of

For prorFEssi
ACCESSIBLE 1O
OUTPUT POWEH

The requirefnents to determine whether a Hazarpous¥LIVE part is AccessiBLE apply only to H

voltages nof
between the
INSULATION (S6

Compliance
9.1.1.8.

9.1.1.2 DU
In order to \
carried out |

supply sourd

NOTE 1 Ford

of signal output TERMINALS, if they have to be Hazarpous Live for functional reasons,
separated from the supply source as required according to Clause 8 for acgessial

Cted to such output TERMINALS.

For the marking of such output TERMINALS, see 5.3 b).

complying with 15.1.1 provided for connecting the apparatus'to the mains, socke
onnecting blocks for providing power to other apparatus,

NAL EQUIPMENT APPARATUS and COMMERCIAL APPARATUS, aUdio output TERMINALS are pe

skiLLED PERsONs if the audio output voltage, when'the apparatus is producing it
, is not greater than 120 V r.m.s.

exceeding 1 000 V a.c. or 1 500 V.d.c. For higher voltages, there shall be
part at HazARDOUS LIVE voltage and thé’test finger or the test pin as specified in 13
e Figure 3).

is checked by inspection and-by measurements according to 9.1.1.2 and tests

DE Determination.of HAzarDOUS LIVE parts

erify that a part-or a contact of a TERMINAL iS HAzARDOUS LIVE, the following measu
etween any:two parts or contacts, then between any part or contact and eithe]
e used during the test.

ischarges between the poles of the MAINS plug, see 9.1.6.

provided the
E conductive
IAZARDOUS LIVE

t-outlets and

mitted to be
5 NON-CLIPPED

nZARDOUS LIVE
a CLEARANCE
.3.1 for Basic

according to

rements are
r pole of the

a)

1

If the voltage limits in a) are exceeded

The part or contact of a TERMINAL is HAzARDOUS LIVE if the open-circuit voltage exceeds

35 V (peak) a.c. or 60 V d.c.; or

20 V r.m.s. for audio signals of PROFESSIONAL APPARATUS and COMMERCIAL APPARATUS.

rovisions b) to d) apply.

71 V r.m.s. for audio signals of other than PROFESSIONAL APPARATUS 2nd COMMERCIAL APPARATUS; OF
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b)

The part or contact of a TERMINAL iS HAzaRDOUS LIVE if the ToucH-CURRENT, expressed-as-the-corresponding

voltages-U,-and-Uy,-and-measured carried out in accordance with tEG-66996 UL 101. with the measuring
network described in Annex D of this standard, exceeds the-following-values: 0.5 MIU.

NOTE 3 For g

For cLAss 1
measureme
and with the

Discharges
immediately

the char

c)

d) the ene

9.1.1.3 DU

In order to @

probe-B-of-

of the enclof

Through op4
before, durin
force on the
in angled pag

pparatus intended to be used in tropical climates, the voltage limits given in a) and b) above are’ty

le

constructions, the r.m.s. ToucH-cuRReNT to earth shall not be more’ than 3
ht shall be carried out with the measurement network described inAnnex D of
protective earthing connection disconnected.

bhall be measured to the termiNaL provided for connecting the-apparatus to the s
after the interruption of the supply. The part or contact of)a TERMINAL iS HAZARDOU:

ge exceeds 45 uC for stored charges at voltages®between 60 V d.c. and 15 kV
gy of discharge exceeds 350 mdJ for stored chatges at voltages exceeding 15 Kk
Determination of accessisLE parts

etermine whether a Hazarpous LIvVEpart is AccessiBLE, the jointed test finger accd
EFC-61032:4997 Figure 18, is pushed against the enclosure or inserted through 4
bure, including openings in the_bottom, without appreciable force.

nings, the test finger is applied to any depth that the finger will permit and is rota

finger in the straight position is increased to 20 N £ 2 N and the test repeated w
sition.

ically halved.

L5 mA. The
his standard

pply source,
b LIVE f:

d.c., or

V d.c.

rding to test
ny openings

ed or angled

g and after insertiomto any position. If the opening does not allow the entry of the finger, the

ith the finger

Thao tact ic rdppat A 1 ainesy amall fin~aay nrahnae ananrAlina #n tnct nenhaoe 10 anA 10 Af [EC £21N20-1007Z Thic
TTCiCotToT¢OCaiCU uo/Ryoiair 1gCTOrooCo aCCordnmyg1iu1Cot OrooCo 1o anu I UricT OTUgz. TII7 . 11115
Anne nnat anhs i A intoandod conditione-ofrepn provent tho annaratiie from-heaina-acerpcend I ~AhilAlyn
GUCOSTTOTappry 1T iNC_ uitCriaCU—CoOnartOriis U asC orevert it —a aratads ooty atCCosCq Uy Crindrcii.

Conductive |

barts,”covered only by lacquer, solvent-based enamel, ordinary paper, untreated

textile, oxide

films or bea

5—are considered o be bare.

Moving parts of loudspeaker systems, such as dust caps or cones of drivers or passive radiators, are not

regarded as

NOTE 1

preventing accessibility.

See also 13.3.1.

For cLass i1 constructions, the test probe 13 of IEC 61032:1997 shall not touch Hazarpous Live parts when

applied with

a force of 3 N £ 0,3 N in every possible position.

The test probe is not applied to socket-outlets, connectors providing mains power, fuse holders and the like.
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NOTE 2 For indication of electrical contact, a voltage of not less than 40 V and not more than 50 V in series with a suitable lamp

can be used.

9.1.2 Shafts of operating knobs, handles, levers and the like

Shafts of op

erating knobs, handles, levers and the like shall not be HazaRDOUS LIVE.

Compliance is checked by inspection, and in case of doubt, by measurement according to 9.1.1.2.

9.1.3 Openings of the enclosure

The apparatus shall be so designed that suspended foreign bodies cannot become HazARDO

introduced tlhrough ventilation or other holes.

Compliance
of 100 mm.
test pin.

The test pin

9.1.4 TERMIN

The use of {
antenna or f

The test is n
NOTE See al
Compliance
Within 25 m)
probe D, ho
doubt with &

Each contad
doubt with a

The test pro|

s LIVE, when

is checked by applying to the holes a metal test pin having a diameter of &-mm
The test pin is suspended freely from one end; the penetration is limited to the
shall not become HAzARDOUS LIVE.

ALS

| single-pole plug or a bare wire to make connection with a contact of a TErRMINA
pr audio, video or associated signals, shall not involve the risk of an electric shq

ot applied to TerminaLs marked with the symbpol of 5.3 b).
0 15.1.2.

is checked by the following tests:

m measured from each contact of the TermiNAL, a test pin according to IEC 610
vever limited in length to 20 mm + 0,2 mm, is applied in every possible positio

force of 10 N+ 1 N.

t is tested with-a-straight test probe according to IEC 61032:1997, test probe I
force of 1 Nt 0,1 N.

bes shall\not become HAZARDOUS LIVE.

and a length
ength of the

for earth or
ck.

B2:1997, test
n, in case of

D, in case of
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9.1.5 Pre-set controls

If a hole giving access to pre-set controls is marked as such on the enclosure or in the instruction for use,
and the setting of this control requires a screwdriver or other tool, the adjustment of the control shall not
involve the risk of an electric shock.

Compliance is checked by applying to the opening a test probe according to IEC 61032:1997, test probe

C.

The test probe is applied in every possible position, in case of doubt with a force of 10 N+ 1 N.

The test probe _shall not become HAZARDOUS LIVE.

9.1.6 WitthrawaI of mains plug

Apparatus in
is no risk of
plug after it

During the
with the re

NOTE For thq
Compliance
The mAINS su
Two second,
The test ma
If the nomin.
When condl

having an i
capacitance

a

tended to be connected to the mains by means of a mains plug shall be ‘so design
bn electric shock from stored charge on capacitors, when touching the-pins or cg
withdrawal from the socket-outlet.

easurement below, a bleeder resistor is to be open circuited one at a time unles
irements in 14.2.

purpose of 9.1.6, male interconnection couplers and male appliance couplers are regarded as MAI
is checked by measurement according to 9.1.10.2 a) or ¢) or by calculation.

iTcH, if any, is in the off-position, unless it\is more unfavourable in the onpositiof
5 after withdrawal of the mains plug, the pins or contacts of the plug shall not be H
 be repeated up to 10 times to~obtain the most unfavourable situation.

h/ capacitance across the mains poles does not exceed 0,1 uF, no test is condug
cting the measurement, the measurement is either made with or referred to a

hput impedance ‘consisting of a resistance of 100 MQ = 5 MQ in parallel W
of 25 pF or less:

2d that there
ntacts of the

s it complies

NS plugs.

f\ZARDOUS LIVE.

ted.

n instrument
ith an input
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9.1.7 Resistance to external forces

The enclosu

Compliance

re of the apparatus shall be sufficiently resistant to external forces.

is checked by the following tests:

a) by means of a rigid test finger according to IEC 61032:1997, test probe 11, a force of 50 N + 5 N,
directed inwards, is applied for 10 s to different points of the enclosure including openings and textile

coverings.

The force shall be so exerted by the tip of the test finger as to avoid wedge or lever action.

Duri
bec(

b) by mea
for 10 s at 4

Duri
c) externall
5 s to a ste
applied to tH
tool providin
NOTE 1 Cont

After the tes

NOTE 2 The

9.2 Removal of protective covers

A part which
14.8).

This require

removal of & cover either By HanD or with the use of a tool, coin or other object, when 1

batteries. An
for example

ng the test, the enclosure shall not become HAZARDOUS LIVE, HAZARDOUS LIVE parts\g
bme AccessiBLE, textile coverings shall not touch Hazarpous LIvE parts;

1s of a test hook as shown in Figure 4, a force of 20 N = 2 N, directédyoutwarg
| points where this is possible.

ng the test, HAzarpous LIvE parts shall not become AccessiBLE;

conductive enclosures and conductive parts of an exterpal enclosure shall be
hdy force of (250 = 10) N for floor-standing apparatus or (100 = 10) N for othd
e enclosure or to a part of the enclosure fitted to the apparatus, by means of a
O contact over a circular plane surface 30 mm in_diameter.

bcts of TERMINALS are not considered to be a conductive part of the external enclosure.

s, the apparatus shall show no damage in the sense of this standard.

hpparatus need not be connected to the supply source during the tests.

becomes accessisLE by, the removal of a cover By HAND shall not be HazarDous L

ment applies«also to internal parts of battery compartments which become accH

exceptionvis made in the case of batteries which are not intended to be replaced
batteries for memories.

This require

hall not

s, is applied

ubjected for

r apparatus,
suitable test

VE (see also

ssiBLE by the
eplacing the
by the uskeR,

maent nppline also to internal pnrfc of Inlldcpnnl(nr cyefnmc that became acce

5siBLE by the

removal of a loudspeaker grille from the outside by the use of a tool, coin or other object.

In such a ca

se, the apparatus shall be marked according to 5.4 b).

Compliance is checked by inspection and by application of the tests of 9.1.1, except that the
measurements are made 2 s after removal of the cover or grille.

NOTE Any pa

rt removable BY HAND of a voltage setting device is considered to be a protective cover.
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10 Insulation requirements

10.1 Frequencies

The insulation requirements given in this standard are for frequencies up to 30 kHz. It is permitted to use
the same requirements for insulation operating at frequencies over 30 kHz until additional data are

available.

NOTE For information on insulation behaviour in relation to frequency, see IEC 60664-1 and IEC 60664-4.

10.2 Surge

test

The insulatiq
LIVE parts, sh
apparatus th

Compliance
The insulati

TERMINALS]

MAINS SUf
apparatus w

is subjected
test circuit, 4

During this

After the ted

10.3 Humidity treatment

The safety 9
use.

Compliance
by the tests

Cable entrie

n on cLass Il apparatus between accessiBLE parts or parts connected to themra
all withstand surges due to transients, caused for example by thunderstorms and
rough the antenna TERMINAL.

is checked by the following test:

n between

for the connection of antenna and mains supply TERMINALS,~and

ply TERMINALS and any other TermINAL in case of apparatus providing supply volta
ith antenna TERMINALS,

to 50 discharges at a maximum rate of 12/min, from a 1 nF capacitor charged
s shown in Figure 5a.

pst, the apparatus should not be ehergized.

t, the tested insulation shall comply with the requirements of 10.4.

f the apparatus shatlnot be impaired by humidity conditions which may occur in

is checked By the humidity treatment described in this subclause 10.3, followed

of 10.44

5, if:any, are left open. If knock-outs are provided, they are opened.

nd HAZARDOUS
entering the

ges to other

0 10 kV in a

the intended

immediately

Electrical components, covers and other parts which can be removed By HAND are removed and subjected,
if necessary, to the humidity treatment with the main part.

The humidity treatment is carried out in a humidity chamber containing air with a relative humidity of (93
+ 3) %.

The temperature of the air, at all places where the apparatus can be located, is maintained at a
temperature between 20 °C and 30 °C but the chosen temperature is to be kept within £ 2 °C during the
test. Apparatus intended to be used in tropical climates are subjected to a temperature of (40 + 2) °C.
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Before being placed in the chamber, the apparatus is brought to a temperature between the specified
temperature and a 4 K higher temperature.

The apparatus is kept in the chamber for
— b5 .days (120 h) for apparatus intended to be used in tropical climates,
— 2 days (48 h) for other apparatus.

NOTE 1 In most cases, the apparatus can be brought to the specified temperature by keeping it at this temperature for at least 4
h before the humidity treatment.

NOTE 2 The [air in the chamber can be stirred and the chamber can be so designed that mist or condensed water will not
precipitate on the apparatus.

During this test, the apparatus should not be energized.

After this trefatment, the apparatus shall show no damage in the sense of this\standard.
10.4 Insulation resistance and dielectric strength

10.4.1 The |nsulation of the insulating materials shall be adequaté:

Compliance|is checked in accordance with 10.4.2, and, unless otherwise stated, immediafely after the
humidity treatment according to 10.3.

In order to facilitate dielectric strength testing, compofients and subassemblies may be testefl separately.
10.4.2 The |nsulations listed in Table 5 shall bétested:
— for insulation resistance with 500 V d.c.;~xand

— for dielegtric strength as follows:

L]
-

nsulations stressedwith d.c. voltage (riprLeE FREE) are tested with a d.c. voltage; gnd
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insulations stressed with a.c. voltage are tested with an a.c. voltage at mains frequency.

However, where corona, ionization, charge effects or the like may occur (for example for capacitors), a
d.c. test voltage is recommended.

Test voltages shall be as specified in Table 5 for the appropriate grade of insulation (BAsic INSULATION,
SUPPLEMENTARY INSULATION OF REINFORCED INSULATION) and for the working voLTace U across the insulation.

For the purpose of determining the workinGg voLTAGe U, the following applies:

the appa

ratus is fed by its RATED SUPPLY VOLTAGE;

in case g
with a half-vi

in case ¢

periodic

unearthe
PROTECTIVE EA

where a
its potential

f a.c. voltages, the true peak value including periodic and non-periodic superimy
alue time longer than 50 ns shall be measured;

f d.c. voltages, the peak value of any superimposed ripple shall be included;
and non-periodic transients with a half-value time not exceeding; 50 ns shall be
d AccessiBLE conductive parts shall be assumed to be connected to an earth Ter

RTHING TERMINAL O contact;

relative to earth, it shall be assumed to be connectted to an earth TERMINAL Or tO

EARTHING TERMINAL OF contact at the point which results in the_ fiighest working voLTAGE being ob

where pd
imagining a
transformer
WORKING VOLT]

for insula
two winding

UBLE INSULATION IS used, the WORKING VOLTAGE. across the sasic iNnsuLATION Shall be di
short-circuit across the sUPPLEMENTARYMINSULATION, and vice versa. For insulat
windings, the short-circuit shall be assumed to take place at the point at which
nGE is produced across the other-insulation;

tions between two transforter windings, the highest voltage between any two
s shall be used, taking jinto account external voltages to which the windi

connected; and

for insuld
of the windir

Initially, not
which is hel

tions between a transformer winding and another part, the highest voltage betwe
g and the other-part shall be used.

more thanyhalf of the prescribed test voltage is applied, then it is raised rapidly to
Y for <¢=min.

hosed pulses

disregarded;

MINAL Or to a

transformer winding or other part is floating, i.e. nelconnected to a circuit which establishes

a PROTECTIVE
tained;

pfermined by
jon between
the highest

points in the
ngs may be

'en any point

the full value

The measurt

moénts of the insulation resistance and the dielectric efrangfh tests are made in

the humidity

chamber, or in the room in which the apparatus was brought to the prescribed temperature, after the
reassembly of those parts which may have been removed.

The apparatus is deemed to comply with the requirement, if the insulation resistance measured after 1 min
is not less than the values given in Table 5 and no flash-over or breakdown occurs during the dielectric
strength test.

When testing enclosures of insulating material, a metal foil is pressed tightly against AccessisLE parts.

For apparatus incorporating both reinForcep iNnsuLATION and lower grades of insulation, care shall be taken
that the voltage applied to the REINFORCED INSULATION dO€S Nnot OVerstress BASIC INSULATION Of SUPPLEMENTARY
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INSULATION.
AccessiBLE conductive parts may be connected together during the dielectric strength test.

NOTE 1 An instrument to carry out the dielectric strength test on thin sheets of insulating material is described in Figure 6.
NOTE 2 The test is not made on insulation the short-circuiting of which does not cause any electric shock hazard, for example in
the case where one end of a secondary winding of an ISOLATING TRANSFORMER is connected to an ACCESSIBLE conductive
part, the other end need not meet any insulation requirement with regard to the same ACCESSIBLE conductive part.

Resistors, capacitors and RC-units complying with 14.2, 14.3.2 and 14.3.3 respectively, connected in
parallel with the insulations to be tested, are disconnected. Inductors and windings which otherwise would
prevent the fest from being made, are also disconnected.

Table 5 DU — Test voltages for dielectric strength test and values for insulation regsistance
Insulation Ins_ulatlon AC test voltage (peak).or DC test voltage
resistance
1 Between paits of different polarity 2MQ For rated MAINS voltages,< 150 V (r.m.s.): 1 410 V
DIRECTLY CONNECTED TO THE For rated MAINS voltages'> 150 V (r.m.s.): 2 120 V
MAINS.
2 Between pafts separated by BASIC 2MQ Curve A of Figure 7 See Note 1 for MAINS voltagle 105 — 130
INSULATION pr by SUPPLEMENTARY V (rm.s.)
INSULATION.
3 Between pafts separated by 4MQ Curve Bof.Figure 7 See Note 1 for MAINS voltagle 105 — 130
REINFORCEL INSULATION. V (r.misd)
NOTE 1 With respect to MAINS voltage in the range of 105 — 130 Wi(r.m.s.). the test voltages are considered tolbe 1 414 V
peak for BASIC INSULATION and SUPPLEMENTARY INSULATION and 2 828 V peak for REINFORCED INSULATION.
NOTE 2 Curpes A and B of Figure 7 are defined by the folleWing points:
WORKING Test voltage
VOLTAGE U (peak)
(peak) Curve A Curve B
34V 707 V 1410V

354 V 4240V

1410V 3980V

10 k¥ 15 kV 15 kV

> 10 kV 15UV 15UV

11 DC Fault conditions
Component . on and test

clause.

11.1 DR Electric shock hazard

requirements of UL 1310, UL 60950 1 or UL 62368 1 are con3|dered to fulfill the test regulrements of this

Protection against electric shock shall still exist when the apparatus is operated under fault conditions.

Compliance is checked by the tests described in Clause 9, modified as specified below and under fault

conditions.

For contacts of terminaLs, the permissible values of 9.1.1.2 are increased to:
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70 V (peak) a.c. and 120 V d.c. for other than audio signals, and

—  Yy=70V{peak)and-Us,=14V(peak)-fora-c—andto-t, =4Vforde:

1.0 MIU for TOUCH-CURRENT,

provided that the connectors for antenna and/or earth cannot be inserted into the TermiNAL under test.

The limits under normal operating conditions for audio signals shall not be exceeded under fault

conditions.

NOTE For apparatus intended to be used in tropical climates, the values given above are typically halved.

If short-circt

iting or disconnecting a resistor, a capacitor, an RC-unit, an optocoupler or

an inductor

causes an
component

If, during thq
occurring un
to 10.4, this
higher volta
optocoupler

11.2 Heating

11.2.1 Requirements

When the af

there is 4§

safety is
Compliance
During the 14

During the f
within the s4

In addition, 3
which is intg

nfringement of the requirements, the apparatus is still deemed to be satisf
complies with the relevant requirements of Clause 14 (see 4.3.5).

b tests, an insulation mentioned in Table 5 is subjected to a voltage.‘€xceeding
der normal operating conditions, and if this increase involves a higtier-test volta
insulation shall withstand a test for dielectric strength at the higher test voltage

e is due to the short-circuiting or disconnection of a resistor, a capacitor, an
or an inductor complying with the relevant requirements of*‘Clause 14.

paratus is operated under fault conditions, mo part shall reach such a temperat
i danger of fire to the surroundings of.the apparatus; or

impaired by abnormal heat developed in the apparatus.

is checked by the tests of 11.2.2.

psts, any flame inside the apparatus shall extinguish within a period of 10 s.
pst, solder may-Ssoften or become fluid as long as the apparatus does not be

nse of this standard.

nded-to-melt, for example that of THERMAL LINKS.

actory if the

| the voltage
he according
b, unless the
RC-unit, an

ire that:

rome unsafe

bolder tefminations shall not be used as a protective mechanism with the exception of solder
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11.2.2 DC Measurement of temperature rises

The apparatus is operated under fault conditions and the temperature rises are measured after a steady
state has been attained, but not later than after 4 h operation of the apparatus.

During this period, the apparatus shall meet the requirements of 11.2.3 up to and including 11.2.8.

In the case where an applied fault condition results in the interruption of the current before steady state
has been reached, the temperature rises are measured immediately after the interruption.

If a temperature~ise exceeding the value given in Table 3 is due to the short-circuiting of an insulation,
the apparatus is not deemed to be uneaﬁcfar\fnry, but this insulation shall withstand a dielectric Strength

test as described in 10.4.

If a temperature rise exceeding the value given in Table 3 is due to the short-circuiting or disconnecting
of a resistor, a capacitor, an RC-unit, an optocoupler or an inductor, the apparatus is deemed to be
satisfactory if the component complies with the relevant requirements of Clause 14 (see 4.3.5).

If a temperature rise exceeding the value given in Table 3 is due to the disconnection of a resistor, the
overload test specified in 14.2 b) is repeated on the resistor mounted in the apparatus, including the
connections made by the manufacturer. During this test, the connections shall not fail.
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11.2.3 AccessiBLE parts

The temperature rise of accessiBLE parts shall not exceed the values given in Table 3, item a) “Fault

conditions”.

11.2.4 Parts, other than windings and rriNTED BoARDSs, providing electrical insulation

The temperature rise of insulating parts other than windings and PRINTED BOARDS, the failure of which
would cause an infringement of the requirements of 11.1, 11.2.3 and 11.2.5 shall not exceed the values

given in Tab

If a tempera

le 3, item b) “Fault conditions”.

ure rise limit is exceeded, and if there is doubt as to whether or not an electric s

exists, a sh
repeated.

11.2.5 Parts$ acting as a support or a mechanical barrier

The temperg
9.1.1 shall n

11.2.6 Wind

The temperd
conditions”,

If the ten
temperature

In tH
ina
dield
the

No f
If the ten

protective dé
the test shal

In th
in a

prt circuit is applied between the conductive parts concerned and the tests

ture rise of parts whose mechanical failure may cause an infringement of the req
pt exceed the values given in Table 3, item c¢) “Fault conditions”.

ings

ture rise of windings shall not exceed the values given in Table 3, items b) g
with the following exceptions.

nperature is limited due to the operation ofcreplaceable or resettable protective
rises may be exceeded until 2 min afterthe operation of the device.

e case of windings providing protegtion against electric shock or where a fault g
fire hazard, the test is carried out three times and the winding is then subjecteqd
ctric strength test of 10.4 without the humidity treatment of 10.3, starting within
emperature rise measurement.

hilure is allowed.
nperature is lirpited due to the operation of an integral non-resettable or a no
bvice or due to the open circuiting of a winding, the temperature rises may be e

be carried out three times using new components.

e case~of windings providing protection against electric shock or where a fault g
firechazard, the winding is then in each case subjected to the dielectric strength

with

hock hazard
of 11.1 are

uirements of

nd d) “Fault

devices, the

ould result
to the
1 min after

nreplaceable
ceeded, but

ould result
test of 10.4

e

b /“the humirﬁfy treatment of 10 ’-2’ efarﬁng within 1 min after the fnmpnrnfurn a1

mea

surement.

No failure is allowed.

Higher temperature rises are allowed for windings, provided a failure of their insulation cannot cause

an electric shock hazard or a fire hazard and that they are not connected to sources capable of supplying
power in excess of 5 W under normal operating conditions.

insulation concerned is short-circuited and the tests of 11.1 and 11.2.3 are repeated.

If a temperature rise value is exceeded and if there is doubt as to whether or not a hazard exists, the
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NOTE

temperature is assumed to be the same as that of the winding wire.

11.2.7 DU

Where a fa

PRINTED BOARDS

ilure would cause an infringement of the requirements of 11.1, 11.2.3 and

If the insulation is incorporated in a winding in such a way that its temperature rise cannot be measured directly, the

11.2.5, the

temperature rise on a prINTED BoARD shall not exceed the values given under “Fault conditions” in Table 3,

item b), with

the following exceptions.

The temperature rise may exceed the above values by not more than 100 K for a maximum period of 5

min.

For PRINTED H
9773 or test

a) thevalu
small areas
shock hazar

b) for a ma
the tempera
more small

electric shog

If a tempera
exists, a sh
repeated.

If conductor:
deemed to 4

the PRINT
I1SO 9773 o

the app4

any peel
HAZARDOUS LI

For cLass 1 al

the interfuption is not a POTENTIAL IGNITION SOURCE;

oArDs classified as V-0 according to IEC 60695-11-10 or UL 94, or VTM-0 aceg
bd-according-to-Clause-G-+ UL 94, the temperature rise may exceed:

bs given under “Fault conditions” in Table 3, item b), by not more than'100 K on
providing that the total area does not exceed 2 cm? for each faultcondition an|
0 is involved; or

ximum period of 5 min, the values given under “Fault conditions” in Table 3, it

hreas, providing that the total area does not exceed<@ cm? for each fault cong
k hazard is involved.

fure rise limit is exceeded and if there is doubt.as to whether or not an electric §
ort circuit is applied between the conductive parts concerned and the tests
5 0N PRINTED BOARDS are interrupted, .péeled or loosened during any test, the app

e satisfactory if all of the following conditions are met:

ED BOARD IS classified as V-0 according to IEC 60695-11-10 or UL 94, or VTM-0
tested-accordingto-Clatuse-G—1 UL 94;

ratus complies with the requirements of 11.2.7 with the interrupted conductors B

ed or loosened conductor does not reduce the cLEARANCES and CREEPAGE DISTAN
E partstand AccessisLE parts below the values specified in Clause 13.

rding to I1ISO

one or more
d no electric

em b), up to

ure rise value given for “other parts” under “Fault conditiens” in Table 3, item ¢), on one or

ition and no

hock hazard
of 11.1 are

aratus is still

according to

ridged;

cES between

pnrnfne, the r\nnfinnify of any prnfor\fi\/n nnrfhing connection shall be maintain

d; loosening

or peeling off of such a conductor is not allowed.
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11.2.8 Parts not subject to a limit under 11.2.2 to 11.2.7 inclusive

According to the nature of the material, the temperature rise of the part shall not exceed the values given

under “Fault

conditions” in Table 3, item e).

12 DC Mechanical strength

Component power supply adapters, and their enclosures complying with the construction and test
requirements of UL 1310, UL 60950-1 or UL 62368-1 are considered to fulfill the construction and test
requirements of this clause except for 12.7.

12.1 Complete apparatus

12.1.1 ReqlLirements

The apparat
handling as

The apparat
ACCESSIBLE CO

of screws, is

Compliance,
12.1.4, 12.1

NOTE Device

12.1.2 Bump test

Apparatus W

The apparatf
of 5 cm ontd

After the tes

may be expected during intended use.

s shall be so constructed that short-circuiting of insulations betwéen Hazarbous U
nductive parts or parts conductively connected to those, for'example by unintend
prevented.

except for devices forming a part of the mains plugsis/checked by the tests of 12
5 and 12.1.6.

5 forming a part of the MAINS plug are subjected to the,tests as described in 15.4.

ith a mass exceeding 7 kg are subjected to the following test.

Us is placed on a horizontal wooden support, which is allowed to fall 50 times fi
a wooden table.

t, the apparatus shall'show no damage in the sense of this standard.

us shall have adequate mechanical strength and be so constructedvas to withstand such

VE parts and
cd loosening

P.1.2, 12.1.3,

rom a height
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12.1.3 Vibration test

TRANSPORTABLE APPARATUS intended to be used for audio amplification of musical instruments, PORTABLE
APPARATUS and apparatus consisting of an enclosure having at least one metal surface, decorative parts
being excluded, are subjected to a vibration endurance conditioning by sweeping, as specified in IEC

60068-2-6.

The apparatus is fastened in its intended positions of use to the vibration-generator by means of straps
round the enclosure. The direction of vibration is vertical, and the severity is:

— Duration 30 min

— Amplitude 0,35 mm

— Frequengy range 10 Hz ... 55 Hz ... 10 Hz

— Sweep rate approximately 1 octave/min.

After the te
connection (

51, the apparatus shall show no damage in the sense of this standard, in g
r part the loosening of which might impair safety shall haye. loosened.

articular, no

12.1.4 DU |mpact test

Tho anparatlie ic hald firmh/ aaainet-a ricid-coepppnort-and-ieopbicetad to-threo -Blowe friom—a-aopnidina-onaratad
LR EL>Z aIJ aratpygyo 1o 1rieraTinTTiT ayanlot a1ty ou urtariuailo OUUJUULUU U nmecT Urowo 1muritTa ot lly UIJUIGLUU
Imnact - hammmor acecordinatolE=EC - ANNALQ -2 75 annlind with ascinatin anarons inet hoforo imnabktof- 04561 0
mripgactiriarrmgrer aoCurudinrt UTLL U UUvvo ™7 J, a,J moUuU Wit Rar Wrreire UllUly JUOL voiorecTirivapt vr v, g v ity
Aavarty noint-hf-tho anclocirira that nrotopte Adanaosroiic mesino—narte or aszsnnomHe e narte amd e lilcals 0o
UVUI}' ,.IUIIIL P aT1ec Crioroourc it TULCUILO uallyUlUuO IIIUVHIH 'Jal 1o VUl TTAZARDUUS LIVE 'Jal o anui1o lll\Ul_y 1%
ha wvwnale indliidina vantilatinn-aroacedrawaoare in-tho -nillad-orit nocitinn—handlo Invaore cugtah lennaboe and
vovwoan, Ill\.luullly verrmnmatuuorrarcayo, uravworo nmrinre HUMUU Ut FUOI“UI', rarigico, 1CveorTo, owWilQimT nrivvo arird
Thic imnactlhammaeor toct je alen-—mado-nanivindowwe lancace cinanal lamne-and-thoireovore —bio it Anly
o IIII,JCIUI arrmrreT 1Cot 1o arovu 11aJuc UrrT Winuduvwo, 1CTIoCo, olgriariarrivo arrd - uircir CUvieTo, ©iv., vut Ul
£ thav nratriide—fromm—thoa - anclaciira byvwvmaord than—G6 mm-—arif—tha-—araa -nf-tha nlana-—nro Han Af tha
T iurec VIUU UG 1TTUrTTare Cricivouirc v rrore uariarT o T or I airca Uur nrre VIC!IIC 'JIUJ cotvrT uUr irrc
Moreover—the-non-ventilated The ‘solid areas of the enclosure that protect dangerous movying parts or
HAzARDOUS LIME parts shall be subjected to a single impact, specified in Table 6.

The impact specified in Table 6 shall be caused by allowing a solid, smooth, steel ball of (50 + 1) mm in
diameter ang@l with the-mass of approximately 500 g to fall freely from rest through a vertical|distance, as
illustrated in|Figure 8, and strike the enclosure with the specified impact in a direction perpengicular to the

enclosure st

rface;
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Table 6 DU — Apparatus impact test

Part Impact, joules | Results in addition to those sgecifigd in 12.1.4

2.0 =

Top, sides. back. and front of floor-mounted apparatus 3.5 X

intended for|household use except for parts itemized

elsewhere ir) this table

Top. sides. back, and front of apparatus intended for 70 =

commercial use

Glass doors|and shelves used in associated stands 2.0 =

Picture-Tubé Enclosures Openings shall not develop such that the

CRT > 16/cm 7.0 projected area of the opening onto a plane
CRT < 16lcm 20 perpendicular to a line passing through the center
——————————— ——

of the opening and any point on the cgntral axis
of the bulb section of the picture tube |shall not
exceed 130 mm? unless the minor dimension of

the projected area is no more than 10fmm.
Transparent|screen over tube face Shall not render the window or its mountin
CRT > 16lcm means unusable; shall not crack a teIEered-

Z0
CRT < 16lcm 10 glass window.
| =
Apparatus intended for fiousehold use CREEPAGE and CLEARANCE shall ot be
Unprotectpd? buttofis Jcontrols. knobs and shafts; 2.0 :Lreduced. to a value less than that in Table 12 ifa
Protected® Huttons controls, knobs and shafts; 1.0 —%ﬁz&?t;\f art breaks off and falls info the
u
_Buttons, dontrols, knobs and shafts located within a 0.7

compartment-having-a-hendetachable-doororecover
@ An unprotected part is one that contacts or passes through an infinite plane placed as close as possible to all top. side,
front, or back surfaces with all parts in place.

b A protected part is one that does not contact or pass through the infinite plane described in note a).

After the test, the apparatus shall withstand the dielectric strength test as specified in 10.4 and shall show
no damage in the sense of this standard; in particular:

— dangerous moving parts or Hazarpous LIVE parts shall not have become accessisLe, and

— insulating barriers shall not have been damaged.;-and
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NOTE Damage to the finish, small dents which do not reduce CLEARANCES or CREEPAGE DISTANCES below the specified
values, cracks which are not visible to the naked eye, surface cracks in fibre-reinforced mouldings and the like are ignored.

When considering the results of the impact test, a mechanically weak material or construction, such as a
speaker cone, is not identified as a barrier.

12.1.5 DU

Drop test

PORTABLE APPARATUS having a mass of 7 kg or less are subjected to a drop test. A sample of the complete
apparatus is_subjected to three impacts that result from being dropped through a distance of 1 m onto a

horizontal st
from one to

rface in positions likely to produce the most adverse results. As an alternative
hree sample are permitted to be used in any combination that results in a tetal.of

any number
three drops.

The horizon
19 mm to 2(

For each drd
is to be drof

After the teq
standard an

13.

CLEARANCH

The test crit,

12.1.6 Stress relief test

Enclosures
distortion of
does not reg

A sample cg
framework,

dangerolis moving parts or HAzArDous LIVE parts shall netyhave become AccessisLe; and

insulating barriers shall not have been damaged,~and

al surface consists of hardwood at least 13 mm thick, mounted on two.layers of p
) mm thick, all supported on a concrete or equivalent non-resilient floof.

p, the test sample shall strike the surface in a different position. When applicablg
ped with the batteries specified by the manufacturer.

bt, the apparatus need not be operational, but shall show no damage in the 4§
0 shall withstand the dielectric strength test as specified in 10.4, in particular:

ks and creePAGE DISTANCES Shall not have been reduced below the values specifi

bria shall not be applied through openings in the face of the picture tube.

bf moulded or fermed thermoplastic materials shall be so constructed that any
the material due-to release of internal stresses caused by the moulding or formi
ult in the exposure of hazardous parts.

nsisting.of the complete apparatus, or of the complete enclosure together with ar
s ‘subjected in a circulating air oven to a temperature 10 K higher than th

temperature

lywood each

, the sample

ense of this

ed in Clause

shrinkage or
ng operation

y supporting
e maximum

observed on the enclosuire during the test of 7 1 A’ but not less than 70 of" for.

period of 7

h, then permitted to cool to room temperature.

For large apparatus where it is impractical to test a complete enclosure, it is permitted to use a portion of
the enclosure representative of the complete assembly with regard to thickness and shape, and including
any mechanical support members. In such cases, it may be necessary to reassemble the apparatus to
determine compliance.

After the test, the apparatus shall show no damage in the sense of this standard, in particular, dangerous
moving parts or Hazarpous LIvE parts shall not have become AccessiBLE.
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12.1.7 DU Handle strength test

A handle, its securing means, or that portion of the enciosure to which it is secured shall not break or
crack. and the handle shall not detach.

Compliance is checked by the following test:

The weight of the apparatus, plus a weight that exerts a force of three times the weight of the apparatus,
is to be uniformly applied over a 75 mm width at the center of the handle, without clamping. The load is
to be started at zero and gradually increased so that the test value is attained in 5 — 10 s and maintained
for 1 min. When more than one handle is provided, the force is to be distributed between the handles. The

distribution

f the forces is to be determined by measuring the percentage of the appa

atus _weight

sustained b

each handle with the apparatus in the intended carrying position. When the

apparatus is

furnished wi

h_more than one _handle. and is _capable of being carried by only one handle.

each _handle

shall be cap

If polymeric

able of sustaining the total force.

imaterials are _involved in the construction. this test shall be conducted both bef

re_and after

the stress re
12.2 Fixing

Actuating el

fastened thaft their use will not impair the protection against electric shock.

Compliance

Fixing screw
loosened fo.

The actuatin
at the perip
apparatus ig
apparatus b

For actuatin
during inten
pulling force

After these |

lief test described in 12.1.6.
of actuating elements

ements, for instance knobs, push-buttons, keys and/levers, shall be so con

is checked by the following tests.

s, if any, are loosened and then tightened\with 2/3 of the torque given in Table 4
1/4 turn.

g elements are then subjected for, 1T"min to a torque corresponding to a force of 1
nery, but not more than 1 Nm and, for 1 min, to an axial pull of 100 N. If the
less than 10 kg, the pulling,force is limited to the value corresponding to the
Ut not less than 25 N.

0 elements such_as-push-buttons, keys and the like, on which only a pressu
fed use and which/do not protrude more than 15 mm from the surface of the af
is limited to §0-N.

ests, the apparatus shall show no damage in the sense of this standard.

structed and

PO and finally

00 N applied
mass of the
mass of the

e is exerted
pparatus, the
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12.3 remotE conTroL devices held in hand

Parts of rRemoTE conTROL devices intended to be held in hand and containing Hazarpous LIVE parts, shall have
adequate mechanical strength and be so constructed as to withstand such handling as may be expected.

Compliance is checked by the following test:

The remote controL device, with its flexible cord, if any, shortened to 10 cm, is tested according to 5.3 of
IEC 60068-2-31:2008, procedure 2 with a fall height of 500 mm.

The barrel is rotated 50 times if the mass of the control device is up to 250 g and 25 times if the mass is
greater than 250 g.

After the tedlt, the device shall show no damage in the sense of this standard.

Parts of cable-connected remoTe contrOL devices, not intended to be held in hand,‘are tested as a part of
the attended apparatus.

12.4 Drawers

Drawers which are intended to be partially pulled out from the apparatus shall have a stop|of adequate
mechanical strength in order to prevent HazarDous LIVE parts becoming ACCESSIBLE.

Compliancel|is checked by the following test:

The drawer s pulled out in the intended manner until the stop prevents further movement. A force of 50
N is then applied for 10 s in the most unfavourable direction.

After the tes}, the apparatus shall show no damagé in the sense of this standard; in particular {no HAzarpous
LIvE parts shgll become ACCESSIBLE.

12.5 Antenna coaxial sockets mounted on the apparatus
Antenna cogxial sockets mounted on the apparatus and incorporating parts or components Wwhich isolate
HAZARDOUS LIVE parts from accessfBte parts shall be constructed so as to withstand such mecharical stresses
as may be gxpected in the jintended use.

Compliance |is checked, By the following tests, which are made in the order given.

After these fests,«the apparatus shall show no damage in the sense of this standard.

Endurance test

A test plug as shown in Figure 9 is inserted and withdrawn from the socket 100 times. Care is to be taken
not to damage the socket intentionally during insertion and withdrawal of the test plug.

Impact test
A test plug as shown in Figure 9 is inserted into the socket and three successive blows from the
spring-operated hammer according to IEC 60068-2-75 are applied with a kinetic energy just before impact

of 0,5 J to the same point on the plug in the most unfavourable direction.

Torque test
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A test plug as shown in Figure 9 is inserted into the socket and a force of 50 N is applied for 10 s, without
jerks, at right angles to the axis of the plug, the radial direction of the force being such as to stress those
parts of the socket which are likely to be weak. The force is determined by using, for example, a spring

balance atta

ched by means of the hole in the test plug.

This test is made 10 times.

NOTE When antenna coaxial sockets different from IEC 60169-2 are tested, a corresponding test plug of the same length is used

for the tests.

12.6 Telescoping or rod antennas

12.6.1 Genéral requirements

A telescopin

A telescopir
antenna or i
event the an

Mounting hardware refers only to parts that are used to mount the antenna or are subject to

the antenna

12.6.2 Physical securement

An antenna
to prevent re

Compliance

The end pig
min. In addi
end pieces (
specific torq
sample shal
8s.

The value o

p or rod antenna shall be provided with a minimum 6,0 mm diameter button or ba

g or rod antenna shall be provided with a guard or barrier that (prevents any
s mounting hardware from falling into the apparatus and contacting-Hazarbous Liv
tenna or any part of it were to break.

is subject to movement.

end piece and the sections of a telescopingr,antenna shall be secured in such
moval.

is checked by the following test:

ce shall be subjected to a 20 N-force along the major axis of the antenna for 4
ion, if the end piece is attached by screw threads, a loosening torque is to be a
f five additional samples. yThe torque is to be gradually applied with the rod fix€
e is reached, it is to'be maintained for no more than 15 s. The holding time
not be less than 5-s\and the average holding time of the five samples shall not

[ torque is-given in Table 7.

| on the end.

part of the
E parts in the

stress when

A manner as

h period of 1
pplied to the
d. When the
for any one
be less than
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Table 7 — Torque values for end-piece test

End-piece diameter Torque
mm Nm
Less than 8,0 0,3
Equal to, or greater than, 8,0 0,6

12.7 Apparatus containing coiN / BUTTON CELL BATTERIES

12.7.1 DU General

These requirements apply to apparatus _including remate controls that-

are likely
— include li

These requi

PROFESSIO|

NOFE
through

COMMERCIA

NOTE

to be accessisLE to children, taking into account information given by the manu

thium coin/BuTTON CELL BATTERIES With a diameter of 32 mm or less.

ements do not apply to:

NAL APPARATUS;

L APPARATUS;

Generally, COMMERCIAL APPARATUS is an apparatus sold through special sales channels. Al

acturer; and

apparatus

sold {
apparatu

apparatu

hrough normal electronics stores are considered not'to be COMMERCIAL APPARATUS.

5 for locations where it is unlikely that children will be present; or

5 containing coIN/BUTTON CELLBATTERIES that are soldered in place.

12.7.2 Construction requirements

Apparatus K
children rem|

a tool, sU

the battg
simultaneou

aving a battery €ompartment door / cover shall be designed to reduce the

oving the battery)by one of the following methods:

ch as a_serewdriver or coin, is required to open the battery compartment; or

ry compartment door/cover requires the application of a minimum of two inde

possibility of

bendent and

5 ‘movements to open BY HAND.
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12.7.3 Tests
12.7.3.1 Test sequence

One sample shall be subjected to the applicable tests of 12.7.3.2 to 12.7.3.6. If applicable, the test in
12.7.3.2 shall be conducted first.

12.7.3.2 Stress relief test
If the battery compartment utilizes moulded or formed thermoplastic materials, the sample consisting of

the complete sample, or of the complete enclosure together with any supporting framework, is tested
according to_the stress relief test of 12.1.6. During the test, the battery may be removed so as not to

expose it to
12.7.3.3 Ba

For equipmd
closed and 1
manufactureg

If the battery
then tighten
spanner or K

12.7.3.4 Drop test

PORTABLE APP,
a horizontal
accordance

If the equipn
12.7.3.5 Im

The battery
the battery d

0,5 J (10

2J (408

excessive temperature.

ftery replacement test

bnt with a battery compartment door / cover, the battery compartment shall be

he battery removed and replaced ten times to simulate normal replacement acc

r’'s instructions.
compartment door/cover is secured by one or more sgrews, the screws are I¢

bd applying a continuous linear torque according to_Table 20, using a suitable
ey. The screws are to be completely removed and,reinserted each time.

raTus having a mass of 7 kg or less are<subjected to three drops from a heigh
surface in positions likely to produce:the maximum force on the battery con
with 12.1.5.

nent is a remote control, it shallNbe subjected to ten drops.

bact test

compartment door¥-cover shall be subjected to three impacts in a direction per
ompartment doer./cover according to 12.1.4 with a force of:

2 mm = 10 mm height) for glasses for watching, for example, 3 dimensional telg

mm +-10 mm height) for all other doors / covers.

opened and
ording to the

bosened and

screwdriver,

of 1 m onto
npartment in

bendicular to

bvision; or
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12.7.3.6 Crush test

Hand held remote control devices are to be supported by a fixed rigid supporting surface in a position
likely to produce the most adverse results as long as the position can be self-supported. A crushing force
of 330 N = 5 N is applied to the exposed top and back surfaces of remote control devices placed in a
stable condition by a flat surface measuring approximately 102 mm by 250 mm for a period of 10 s.

12.7.4 DU DE Compliance
Compliance is checked by applying a force of 30 45 N+ 1 N for 10 s to the battery compartment door /

cover by a rigid test finger according to the test probe 11 of IEC 61032:1997 at the most unfavourable
place and in_the most unfavourable direction. The force shall be applied in one direction at a time.

The battery
the coin/i

it shall n
force of 20 |

12.8 DU A¢

Apparatus e

compartment door/cover shall remain functional, and:
UTTON CELL BATTERY Shall not become AccessiBLE; or

Dt be possible fo remove the battery from the product with the testhook of Figy
N.

Hhesives

hclosures, barriers, components, and leads that rely:only on adhesives as a fast

re 4 using a

Bning means

to prevent
conditioning|

Two sample

a) One sai
gdays at 87.0

b) _One sai

Compliance

h risk of electric shock as determined in 9.1.1%shall withstand the oven gand humidity

tests described without deterioration of the adhesive.

s are o be conditioned as follows:

+1.0 °C; or 60 days at 82,0 +£1.0 °C: and

nple for 7 days in an envirohiment of 85 +5 % relative humidity at 32,0 £2.0 °C.

is checked by the relevant tests in UL 746C.

13 DC cLeARANCES and CREEPAGE DISTANCES

Component

power supplies and their power transformers complying with the construct

on _and test

requirement

b of UL A310. UL 60950-1, or UL 62368-1 are considered to fulfill the creepage a

nd clearance

requirement

b of this.Clause.

13.1 General

cLEARANCES shall be so dimensioned that overvoltage transients which may enter the apparatus, and peak
voltages which may be generated within the apparatus, do not break down the cLearance. Detailed
requirements are given in 13.3.

CREEPAGE DISTANCES shall be so dimensioned that, for a given working voLTace and pollution degree, no
flashover or breakdown (tracking) of insulation will occur. Detailed requirements are given in 13.4.

NOTE In order to determine the CLEARANCE, the peak value of the WORKING VOLTAGE is measured. For the determination of
the CREEPAGE DISTANCE, the r.m.s. or d.c. value of the WORKING VOLTAGE is measured.
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The methods of measuring cLEARANCES and CREEPAGE DISTANCES are given in Annex E.

It is permitted for cLEARANCES and cReePAGE DISTANCES to be divided by intervening, unconnected (floating)
conductive parts, such as unused contacts of a connector, provided that the sum of the individual
distances meets the specified minimum requirements (see Figure E.8).

The various pollution degrees for the minimum cLeaRaNCcE and CREEPAGE DISTANCE values given, apply as

follows:

moisture;

pollution

pollution

pollution of

condensatio
conductive (g

Except for i
CREEPAGE DIST|
4.3.3 and 11

13.2 Detern

In determini

no voltag

the work
between anj
TO THE MAINS,

ope

such

unearthe

where a

the raTED suppLY vOLTAGE Or the highest measured voltage between such points du

the upper voltage’of the raTeD suppLY voLTAGE range or the highest measured volte

pollution degree 1 for components and assemblies which are sealed so as to exclude dust and

degree 2 generally for apparatus covered by the scope of this standard; or
degree 3 where a local internal environment within the apparatus is stbject t

h, or the apparatus is located in an area where the external _enyironment
ollution or dry non-conductive pollution which could become conductive, is pres

nsulation between parts of different polarity DIRECTLY CONNEGTED TO THE MAINS, CLE
ances smaller than those specified are allowed but are subject to the requireme
2.

nination of WoRKING VOLTAGE

g the workinG voLTAGe, all of the following requirements apply:
e variation (0,9 or 1,1) shall be applied:\to the rRaTED suppLY voLTAGE Of the appar
NG VOLTAGE between any point in-a circuit CONDUCTIVELY CONNECTED TO THE MAINS afl

point in a circuit CONDUCTIVELY CONNECTED TO THE MAINS and a circuit not CONDUCTIVE
shall be assumed to be the greatest of the following:

ation at the RATED_SUPPLY VOLTAGE, Or

points duting operation at any value within the RATED SuPPLY VOLTAGE range;

d AccessiBLE conductive parts shall be assumed to be earthed;

to dry non-conductive pollution which could become conductive due f{

b conductive
0 expected
s such that
ent.

ARANCES and
nts of 4.3.2,

tus;
d earth, and
LY CONNECTED

ring

ge between

wite-wouLnd. nnmpnnanf or other parf IS flnafing’ o not connected to a

Dircuit which

establishes its potential relative to earth, it shall be assumed to be earthed at the point by which the
highest workiNG vOLTAGE is obtained;

where pouBLE INSULATION IS used, the workiNGg VOLTAGE across the sasic insuLaTion shall be determined by

imagining a short circuit across the supPLEMENTARY INSULATION, and vice-versa. For pousLE INSULATION between
windings of a wire-wound component, the short circuit shall be assumed to take place at the point by
which the highest working voLTAGE is produced in the other insulation;

except as permitted below, for insulation between two windings of a wire-wound component, the

highest voltage between any two points in the two windings shall be used, taking into account external
voltages to which the windings will be connected;
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part, the highest voltage between any point on the winding and the other part shall be used.

except as permitted below, for insulation between a winding of a wire-wound component and another

If the insulation of a wire-wound component has different working voLTAGes along the length of the winding,
it is permitted to vary cLEARANCES, CREEPAGE DISTANCES and distances through insulation accordingly.

NOTE An example of such a construction is a 30 kV winding, consisting of multiple bobbins connected in series, and earthed at

one end.

13.3 CLEARANCES

13.3.1 General

It is permittd

component ¢or subassembly or for the whole apparatus.

NOTE 1 The

CLEARANQ
publications (fo

attenuation
CONNECTED ]

NOTE 2 CLEA
MAINS. Accord|
arrangements.

known as insta

NOTE 3 The
transient excee

For all a.c.
voltage.

NOTE 4 In N
line-to-line voltd

The specifie

cuT-ouTs, ovérload-protection devices, switches of microgap construction, and similar compg

the cLEARANC

Ing to IEC 60664-1, the magnitude of these transientsis determined by the nominal MAINS voltage

d to use either the following method or the alternative method in Annex-J|fof

hdvantages of Annex J are as follows:

ES are aligned with the basic safety publication IEC 60664-1, and are therefore harmonised w
example for transformers);

of transients within the apparatus is considered, including attendation of transients in circuits C
O THE MAINS.

RANCE requirements are based on the expected overvaltage transients which can enter the appara

These transients are categorised according to IEC«60664-1 into four groups as overvoltage catego
ation categories | to IV).

design of solid insulation and CLEARANCES can be co-ordinated in such a way that if an incid
Os the limits of overvoltage category I, the solid insulation can withstand a higher voltage than the

ower systems, the a.c.(vaiNs voltage in Table 8, Table 9 and Table 10 is the li
brway, due to theAT\power distribution system used, the a.c. MAINS voltage is considered to f
ge, and will remain230 V in case of a single earth fault.

0 cLEARANGES are not applicable to the air gap between the contacts of thermog

E varies with the contacts.

a particular

th other safety

DNDUCTIVELY

us from the a.c.
and the supply
ies | to IV (also

ent overvoltage
CLEARANCES.
ne-to-neutral

e equal to the

tats, THERMAL
nents where

NOTE 5 For air gaps between contacts of disconnect switches, see 8.18.

Compliance with 13.3 is checked by measurement, taking into account Annex E. The following conditions

are applicab

le. There is no dielectric strength test to verify cLEARANCES.

Movable parts shall be placed in the most unfavourable position.

Unless adequate insulation is maintained in all possible positions of the coil, cLeArRaNCES between a
loudspeaker voice coil and adjacent conductive parts are considered to be conductively connected.
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When measuring cLearances from an enclosure of insulating material through a slot or opening in the
enclosure, the accessisLe surface shall be considered to be conductive as if it were covered by metal foil
wherever it can be touched by the test finger, according to test probe B of IEC 61032:1997 (see 9.1.1.3),
applied without appreciable force (see Figure 3, point B).

Forces shall be applied to any point on internal parts and then to the outside of conductive enclosures, in
an endeavour to reduce the cLearance while taking measurements. The forces shall have a value of

— 2 N for internal parts; and

— 30 N for enclosures.

The force shall be applied to the enclosure by means of the rigid test finger according to IEC|61032:1997,
test probe 1|i.

13.3.2 cLEARANCES in circuitS CONDUCTIVELY CONNECTED TO THE MAINS

CLEARANCES iy CirCuitS CONDUCTIVELY CONNECTED TO THE MAINS shall comply withthe minimum dimensions in
Table 8 and| where appropriate, Table 9.

Table 8 is applicable to apparatus that will not be subjected to transients exceeding overvoItIge category
Il according|to IEC 60664-1. The appropriate mains transient voltages are given in parenthg¢ses in each
nominal a.c| mains voltage column. If higher transients are expected, additional protectibn might be
necessary irl the supply to the apparatus or in the installation.

NOTE 1 Anngx J provides an alternative design method.

For circuits ¢oNDUCTIVELY CONNECTED TO THE MAINS operating on nominal a.c. maiNs voltages up to|300 V, if the
peak woRKING VOLTAGE in the circuit exceeds the p&ak value of the nominal a.c. mains voltage, the minimum
cLEARANCE folf the insulation under consideration’is the sum of the following two values:

— the minimmum cLearance value from JTable 8 for an workiNg voLTAGE equal to the nominjal a.c. mAINs
voltage; and

NOTE 2 For the purpose ofithe use of Table 8, it is assumed that the WORKING VOLTAGE is equal td the nominal
a.c. NIAINS voltage.

— the appropriate additional cLearance value from Table 9.

For an workiNG voLTAeE to be used in determining cLEARANCES for CircuitS CONDUCTIVELY CONNECTED TO THE MAINS
in accordange with* Table 8:

— the peak value of any superimposed ripple on a d.c. voltage which exceeds that permitted in 2.3.3,
shall be included;

— non-repetitive transients (due, for example, to atmospheric disturbances) shall not be taken into
account;

NOTE 3 It is assumed that any such non-repetitive transients in a circuit not CONDUCTIVELY CONNECTED TO THE MAINS will
not exceed the MAINS transient voltage of the circuit CONDUCTIVELY CONNECTED TO THE MAINS.

— the voltage of any circuit not Hazarpous LIVE or Tnv circuiT (including ringing voltage) shall be regarded
as zero;
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and in accordance with Table 9, where appropriate, for peak working voLTAGES exceeding the values of the
nominal a.c. mains voltage, the maximum peak working voLTAGE shall be used.

NOTE 4 Use of CLEARANCE — Tables 8 and 9:

Select the appropriate column in Table 8 for the nominal a.c. MAINS voltage and pollution degree. Select the row appropriate to an
WORKING VOLTAGE equal to the a.c. MAINS voltage. Note the minimum CLEARANCE requirement.

Go to Table 9. Select the appropriate column for the nominal a.c. MAINS voltage and pollution degree and choose the row in that
column which covers the actual peak WORKING VOLTAGE. Read the additional CLEARANCE required from one of the two
right-hand columns and add this to the minimum CLEARANCE from Table 8 to give the total minimum CLEARANCE.

Table 8 - Minimum cLearances for insulation in circuits conbucTIVELY CONNECTED To THE [MAINS and
between such circuits and circuits not coNDUCTIVELY CONNECTED TO THE MAINS
CLEARANCES]|in millimetres
Nominal a.c. MAINS voltage <150 V Nominal a.c~MAINS | Nomina] a.c. MAINS
voltage>150 V <300 | voltage [>300 V <600
v \
WORKING |VOLTAGE up to (MAINS transient voltage 1 500 V) (MAINS transient (MAINB transient
and|including voltage 2 500 V) voltade 4 000 V)
Voltage Voltage r.m.s. | Pollution degrees 1 | Pollution degree 8 | Pollution degrees 1, | Pollutioh degrees 1,
peak or (sinusoidal) and 2 2and 3 2(and 3
d.c.
Vv Vv B/S R B/S R B/S R B/S R
210 150 1,0 2,0 1,3 2,6 2,0 4,0 3,2 6,4
(0,5) (1,0) (0,8) (1,6) (1,5) (3,0 (3,0 (6,0)
420 300 B/S2;0(1,5) R 4,0 (3,0) 3,2 6,4
(3,0 (6,0)
840 600 B/S 3,2 (3,00 R 6,4(6,0)
1 400 1 000 B/S42 R64
2 800 2 000 B/S'/R 8,4
7 000 5 000 B/S/IR 17,5
9 800 7 000 B/S/IR 25
14 000 10 000 B/S/R 37
28 000 20 000 B/S/R 80
42 000 30 000 B/S/R 130
The values i the table are-applicable to BASIC INSULATION (B), SUPPLEMENTARY INSULATION (S) and RHINFORCED
INSULATION (R)
The values i parentheses are applicable to BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED
INSULATION oniynifmanufacturing is subjected to a quality control programme (an example for such a programmne is given
in Annex M).ln"particular, DOUBLE INSULATION and REINFORCED INSULATION shall be subjected to ROUTINE TESTS
for dielectric strength.
For WORKING VOLTAGES between 420 V (peak) or d.c. and 42 000 V (peak) or d.c., linear interpolation between the
nearest two points and for values exceeding 42 000 (peak) or d.c. extrapolation is permitted, the calculated spacing being
rounded up to the next higher 0,1 mm increment.
For an explanation of the pollution degrees, see 13.1.
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Table 9 — Additional cLearances for insulation in circuits conbucTIVELY CONNECTED TO THE MAINS With
peak workiNG voLTAGES exceeding the peak value of the nominal a.c. mains voltage and between
such circuits and circuits not coNDUCTIVELY CONNECTED TO THE MAINS

Nominal a.c. MAINS voltage

Nominal a.c. MAINS
voltage

Additional CLEARANCE

<150 V >150 V <300 V mm
Pollution degrees Pollution degree Pollution degrees BASIC or REINFORCED
1and 2 3 1,2 and 3 SUPPLEMENTARY INSULATION
Maximum WORKING | Maximum WORKING | Maximum WORKING INSULATION
VOLTAGE VOLTAGE VOLTAGE
V (peak) V (peak) V (peak)
210 (@10) 210 (210) 420 (420) 0 0
298 (p88) 294 (293) 493 (497) 0,1 0,2
386 ([366) 379 (376) 567 (575) 0,2 0,4
474 (444) 463 (459) 640 (652) 0,3 0,6
562 (622) 547 (541) 713 (729) 0,4 0,8
650 (600) 632 (624) 787 (807) 0;5 1,0
738 (678) 715 (707) 860 (884) 0,6 1,2
826 (756) 800 (790) 933 (961) 0,7 1,4
914 (839) 1006 (1039) 0,8 1,6
1002 (P12) 1080 (1116) 0,9 1,8
1090 (990) 1153 (1 193) 1,0 2,0
1226 (1271) 1,1 2,2
1300 (1 348) 1,2 2,4
— (1425) 1,3 2,6

Table 8.

mm increment

For an explangition of the pollution degrees, see 18:4.

The values in parentheses shall be used when the values in parentheses in Table 8 are used in accordance with pote 2 of

For WORKING VOLTAGES above those shown in the tablg/linear extrapolation is allowed.
Linear interpolation between the nearest two points is permitted, the calculated spacing being rounded up to the next higher 0,1

13.3.3 cLEARANCES in circuits not cONDUCTIVELY CONNECTED TO THE MAINS

CLEARANCES ir| circuits not coNDUCTIVELY CONNECTED TO THE MAINS Shall comply with the minimum djmensions of

Table 10.

For an work|[NG voLTAGE/te be used in determining cLEARANCES for circuits not CONDUCTIVELY CONNECTED TO THE
MAINS in accqrdance‘with Table 10:

— the peak] value of any superimposed ripple on a d.c. voltage which exceeds that permifted in 2.3.3,

shall be included; and

— the peak value shall be used for non-sinusoidal voltages.

Circuits not conpucTIVELY CONNECTED TO THE MAINS Will normally be overvoltage category | if the mains is
overvoltage category Il; the maximum transients in overvoltage category | for various a.c. maiNs voltages
are shown in the column headings of Table 10. However, a floating circuit not CONDUCTIVELY CONNECTED TO
THE MAINS in an apparatus that has anywhere a connector (for example antenna, signal input) that could be
earthed, shall be subjected to the requirements for circuits conpbuCTIVELY CONNECTED TO THE MAINS in Tables 8
and 9 unless it is in apparatus with a PROTECTIVE EARTHING TERMINAL and either
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the floating circuit is separated from the circuit coNnpucTIVELY CONNECTED TO THE MAINS by an earthed metal
screen; or

— transients on the circuit not conpUCTIVELY CONNECTED TO THE MAINS are below the permitted maximum value
for overvoltage category | (for example due to being attenuated by connecting a component, such as a
capacitor, between the circuit not conpucTIVELY CONNECTED TO THE MAINS and earth). See 13.3.4 for the method
of measuring the transient level.

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE is known, the known value should be used.

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE iS not known, an assumed transient rating of 800 V
(peak) should be used for Tnv-2 circuits and 1,5 kV (peak) for TNv-1 CIRCUITS and TNV-3 CIRCUITS

If it is known|
be determin

T

that the incoming transients are attenuated within the apparatus, the value-to|be

used should

bd in accordance with 13.3.4 b).

able 10 — Minimum cLeARANCES in circuits not coNDUCTIVELY CONNEGTED'TO THE MAJNS

CLEARANQES in millimetres
Nominal a.c. mams voltage Nominal a.c. mams voltage Nominal a.c.
MAINS Voltage
<150 V >150 V~<800 V >300 V <600 V
WORKING VOLTAGE Up to (transient rating for circuits (transient.rating for circuits (transient Circuits not
and inclpding Not CONDUCTIVELY CONNECTED TO THE | NOt CONDUCTIVELY CONNECTED TO THE rating for subject to
mains 800 V) P mains 1 500 V) P circuits not transient
CONDUCTIVELY overvoltages 2
CONNECTED TO THE
mains 2 500 V) P
Voltage | [Voltage Pollution Pollution Pollution Pollution Pollution Pollution
peak or r.m.s. degrees 1 and degree 3 degrees 1 and degree 3 degrees 1, 2 degrees 1 and
d.c ginusoidal 2 2 and 3 2 only
Vv Vv B/S R BIS R B/S R B/S R B/S R B/S R
71 50 0,7 1,4 1,3 2,6 1,0 2,0 1,3 2,6 2,0 4,0 0,4 0,8
02) | (04) {.(08) [ (1.6) | (05) | (1,0) | (0.8) [ (1.6) | (1.5) | (30) |l (0.2) | (0.4)
140 100 0,7 154 1,3 2,6 1,0 2,0 1,3 2,6 2,0 4,0 0,7 1,4
02) LY 04) [ (0,8) | (1.6) | (05) | (1,0) | (0.8) [ (1.6) | (1.5) | (30) |l (0,2) | (0.4)
210 150 0,9 1,8 1,3 2,6 1,0 2,0 1,3 2,6 2,0 4,0 0,7 1,4
(0;2) (0,4) (0,8) (1,6) (0,5) (1,0) (0,8) (1,6) (1,5) (3,0) (0,2) (0,4)
280 200 B/S1,4(0,8) R 28(1,6) 2,0 4,0 1,1 2,2
(1.5 | 80 | 02 | (04
420 300 B/S 1,9 (1,00 R 3,8 (2,0 2,0 4,0 1,4 2,8
(1.5) (3.0) (0,2) (0,4)
700 500 B/S 2,5 R 5,0
840 600 B/S 3,2 R 5,0
1400 1000 B/S 4,2 R 5,0
2 800 2 000 B/S/R 8,4 ¢
7 000 5 000 B/S/R 17,5 ¢
9 800 7 000 B/S/R 25 e
14 000 10 000 B/S/R 37 ¢
28 000 20 000 B/S/R 80 ¢
42 000 30 000 B/S/R 130 ¢

Table 10 — Minimum CLEARANCES in circuits not coNDUCTIVELY CONNECTED To THE MAINS Continued on Next Page
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Table 10 — Minimum cLeARANCES in circuits not conpucTivELY conNECTED TO THE mAINs Continued

Annex M). In
strength.

the nearest t
VOLTAGES

For explanat

The values i parentheses are applicable to BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFO

INSULATION only if manufacturing is subjected to a quality control programme (an exarnple’for such a programine is given in

For WORKIN

next higher

For lower tra

particular, DOUBLE and REINFORCED INSULATION shall be subjected to“/ROUTINE TESTS for g

G VOLTAGES between 420 V (peak) or d.c. and 42 000 V (peak).ar d.c., linear interpolation is per|
vo points, the calculated spacing being rounded up to the next-fiigher 0,1 mm increment. For WOR
bxceeding 42 000 V (peak) or d.c., linear extrapolation is permitted, the calculated spacing being ro
,1 mm increment.

on of the pollution degrees, see 13.1.

hsient voltages, Table F.2 of IEC 60664-1:2007 may be used.

CLEARANCES in millimetres
Nominal a.c. mams voltage Nominal a.c. mams voltage Nominal a.c.
mAINs voltage
<150 V >150 V <300 V >300 V <600 V
WORKING VOLTAGE Up to (transient rating for circuits (transient rating for circuits (transient Circuits not
and including NOt CONDUCTIVELY CONNECTED TO THE | NOt CONDUCTIVELY CONNECTED TO THE rating for subject to
mains 800 V) P mains 1 500 V) P circuits not transient
CONDUCTIVELY overvoltages 2
CONNECTED TO THE
MAINS 2 5““ ub b
Voltage Voltage Pollution Pollution Pollution Pollution Pollution Pollution
peak or r.m.s. degrees 1 and degree 3 degrees 1 and degree 3 degrees 4, 2 degrees 1 and
d.c sinusoidal 2 2 and 8 2 only
v v BS | R BS | R BS | R BS | R B/S({ "R BS | R
The values i the table are applicable to BASIC INSULATION (B), SUPPLEMENTARY INSULATION (S) and RHINFORCED
INSULATION (R).

RCED
ielectric
mitted between

KING
Linded up to the

conducted a

2 The values|are applicable to d.c. circuits not CONDUCTIVELY CONNECTED TO THE MAINS which are reliab
earth and haye capacitive filtering which limits the peak-torpéak ripple to 10 % of the d.c. voltage.
b Where tranpients in the apparatus exceed this value, the*appropriate higher CLEARANCE shall be used.
¢ For WORK|NG VOLTAGES above 1 400 V peak'ek? 000 V r.m.s., the minimum CLEARANCE is 5 mm provid
CLEARANCE path passes an electric strength test according to 10.4.2 using:

— an a.c.|test voltage whose r.m.s. value s, #06 % of the peak WORKING VOLTAGE; or

— ad.c. tpst voltage equal to 150 % of the peak WORKING VOLTAGE.
If the CLEAHANCE path is partly along,the surface of a material that is not material group I, the dielectric streng

ross the air gap only,

y connected to

bd that the

th test is
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13.3.4 Measurement of transient voltages

The following tests are conducted only where it is required to determine whether or not transient voltages
across the cLEARANCE in any circuit are lower than normal, due, for example, to the effect of a filter in the
apparatus. The transient voltage across the cLeARANCE is measured using the following test procedure, and
the cLearance shall be based on the measured value.

During the tests, the apparatus is connected to its separate surpLy APPARATUS, if any, but is not connected
to the mains, nor to any network, for example TELECOMMUNICATION NETWORKS, and any surge suppressors in

circuits CONDUCTIVELY CONNECTED TO THE MAINS are disconnected.

A voltage measuring device is connected across the cLEARANCE in question.

a) Transiepts due to mains overvoltages
To measure the reduced level of transients due to mains overvoltages, the impulse te¢st
generator of Annex K is used to generate 1,2/50 us impulses, with U, équal to the Mains
trangient voltage given in the column headings of Table 8.

Thrae to six impulses of alternating polarity, with intervals of ateast 1 s between impulses, are
applied between each of the following points where relevant;

— ljne-to-line;
— 4all line conductors joined together and neutral;
— 4ll line conductors joined together and protective earth; and
— neutral and protective earth.

b) Transients due to TELECOMMUNICATION NETWORK overvoltages
To measure the reduced levelyof transients due to TELECOMMUNICATION NETWORK overvoltages, the
implilse test generator of Annex K is used to generate 10/700 us impulses, with U, pqual to the

TELEEOMMUNICATION NETWORKS TRANSIENT VOLTAGE.

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE IS not known for the TELECOMMUNICAT|ON NETWORK
in question, it.shall be taken as

— 1 500<¥pe4 if the circuit connected to the TELECOMMUNICATION NETWORK IS & TNV-1 CIRCUIT OF &
TNV-3 CIROUIT; and

— 800 Ve If the circuit connected to the TELECOMMUNICATION NETWORK IS & TNV-0 CIRCUIT OF & TNV-2
CIRCUIT.

Three to six impulses of alternating polarity, with intervals of at least 1 s between impulses, are applied
between each of the following TELECOMMUNICATION NETWORK connection points:

— each pair of TerminaLs (for example, A and B or tip and ring) in an interface;

— all TerminaLs Of a single interface type joined together and earth.
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13.4 DC CREEPAGE DISTANCES

CREEPAGE DISTANCES shall be not less than the appropriate minimum values specified in Table 11, taking into
account the value of the working voLTAGE, the pollution degree and the material group.

If the creerPaGE DisTANCE derived from Table 11 is less than the applicable cLearance as determined in 13.3
or Annex J, then the value for that cLearance shall be applied for the minimum cREEPAGE DISTANCE.

It is permitted to use minimum creepace pisTANCES equal to the applicable cLearances for glass, mica,
ceramic or similar materials.

For the workiNGg vOLTAGE t0 be used in determining CREEPAGE DISTANCES:

— the actugl r.m.s. or d.c. value shall be used;

If th¢ r.m.s. value is measured, care shall be taken that measuring instruments give|true r.m.s.
readings of non-sinusoidal waveforms as well as sinusoidal waveforms(

— if the d.c| value is used, any superimposed ripple shall not be taken into account;

— short-tern conditions (for example, cadenced ringing signals in #Nv circuits) shall not he taken into
account; and

— short-term disturbances (for example transients) shall not be taken into account.

When determining the workiNGg voLTAGE for a TNv circuiT @onnected to a TELECOMMUNICATION NETWORK whose
characteristics are not known, the normal working voLTaGes shall be assumed to be the following values:

— 60 V d.c| for nv-1 circuiTs;

— 120 V d.¢. for TNv-2 circuITs and TNV-3 CIRCUITS.

Material groups are classified as follows:

Material grotip | 600 < CTi{comparative tracking index)
Material group I 400 =-CTl < 600

Material group llla 175 < CTl < 400

Material groip lib 100 < CTl < 175

The material group is verified by evaluation of the test data for the material according to {EG-601+12-using
50-drops-of-solution-A UL 746A.

If the material group is not known, material group Illb shall be assumed. {-a-GH-ef 175-orgreateris



https://ulnorm.com/api/?name=UL 60065 2020.pdf

SEPTEMBER 30, 2015 UL 60065 107

Table 11 — Minimum CREEPAGE DISTANCES

CREEPAGE DISTANCES in millimetres

WORKING VOLTAGE BASIC and SUPPLEMENTARY INSULATION
up to and including Pollution degree 1 Pollution degree 2 Pollution degree 3
Material group Material group Material group
V r.m.s. or d.c. 1, 1, llla or lllb | 1l llla or llib I 1l llla or llib
10 0,4 0,4 0,4 1,0 1,0 1,0
12,5 0,42 0,42 0,42 1,05 1,05 1,05
16 0,45 0,45 0,45 1,1 1,1 1,1
20 048 048 048 12 12 1,2
2b 0,5 0,5 0,5 1,25 1,25 1,25
3p 0,53 0,53 0,53 1,3 1;3 1,3
4p 0,56 0,8 1,1 1,4 1,6 1,8
5p 0,6 0,9 1,2 1,5 1,7 1,9
6B 0,63 0,9 1,25 1,6 1,8 2,0
8p 0,67 0,9 1,3 7 1,9 2,1
140 a 0,71 1,0 1,4 1,8 2,0 2,2
145 0,75 1,05 1,5 1,9 2,1 2,4
140 0,8 1,1 1,6 2,0 2,2 2,5
2qo 1,0 1,4 2,0 25 2,8 3,2
250 1,25 1,8 2,5 3,2 3,6 4,0
40 1,6 2,2 3,2 4,0 4,5 5,0
44do 2,0 28 4,0 5,0 5,6 6,3
50 2,5 3,6 5,0 6,3 71 8,0
630 3,2 4,5 6,3 8,0 9,0 10
870 a 4.0 5,6 8,0 10 11 12,5
1 000 5,0 71 10 12,5 14 16
1 250 6,3 9,0 12,5 16 18 20
1 600 8,0 11 16 20 22 25
2 000 10 14 20 25 28 32
2 500 12,5 18 25 32 36 40
3 200 16 22 32 40 45 50
4 000 20 28 40 50 56 63
5 000 25 36 50 63 71 80
6 300 32 45 63 80 90 100
8 000 40 56 80 100 110 125
10 ¢0OO 50 71 100 125 140 160
12 500 63 90 125
16 (00 80 110 160
20 \vjviv) ‘IUU ‘I“I‘G r4vjv)
25 000 125 180 250
32 000 160 220 320
40 000 200 280 400
50 000 250 360 500
63 000 320 450 600
Linear interpolation is permitted between the nearest two points, the calculated spacing being rounded to the next higher 0,1
mm increment.
For REINFORCED INSULATION, the values for CREEPAGE DISTANCE are twice the values for BASIC INSULATION in
this table. In case of interpolation, rounding is done after the doubling.
For explanation of the pollution degrees, see 13.1.

Table 11 — Minimum creepaGe pDisTANCES Continued on Next Page
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Table 11 — Minimum creepaGe pistances Continued

CREEPAGE DISTANCES in millimetres

up to and

V r.m.s.

WORKING VOLTAGE

BASIC and SUPPLEMENTARY INSULATION
including Pollution degree 1 Pollution degree 2 Pollution degree 3
Material group Material group Material group
or d.c. I, II, llla or b I | n |maorib I [ n | maornb

2 No minimum CREEPAGE DISTANCES are specified for insulation in pollution degree 1. The minimum CLEARANCES
apply, as determined in 13.3 or Annex J.

Compliance
The followin
Movable pa
For appara
measureme
and also wit]

When meas

wherever it {
applied with

NOTE The pr
13.5 PRINTED

13.5.1 DC
CONDUCTIVELY
requirement
following ap

these di
themselves,

coatings

j conditions are applicable.

ts are placed in their most unfavourable positions.

nts are made with supply conductors of the largest cross-sectional area specifi
hout conductors.

IrNg CREEPAGE DISTANCES from an enclosure of insulating material through a slot ¢
the enclosufe, the accessiBLE surface is considered to be conductive as if it were covered

is checked by measurement, taking into account Annex E.

tus incorporating ordinary non-detachable power supply~cords, CREEPA

ban be touched by the test finger, according to.test probe B of IEC 61032:1997
but appreciable force (see Figure 3, point B),

bsence of adhesive on insulation tapes might have an influence on the CTI.
BOARDS

[The minimum cLeARANCES apd CREEPAGE DISTANCES between conductors, one of wi
CONNECTED TO THE MAINS;” ON PRINTED BOARDS complying with the pull-off and p
5 of the relevant part-of 1EG—-606249-2 UL 796 are given in Figure 10, and f

blies:

stances only apply as far as overheating is concerned (see 11.2) to the
not to mounted components or associated solder connections; and

measuring tll\e distances.

GE DISTANCE
ed in 15.3.5,

br opening in
by metal foil
see 9.1.1.3),

hich may be
eel strength
br which the

conductors

of lacquer or the like, except coatings according to HEG-60664-3 UL 746C, are ignored when

13.5.2 DC DU For type-B coated PRINTED BOARDS, insulation between conductors shall comply with the
requirements of tEC-60664-3 UL 746C. This applies only to BASIC INSULATION.

NOTE 1

For such PRINTED BOARDS, CLEARANCES and CREEPAGE DISTANCES under the coating do not exist.
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13.5.3 DU Multilayer printed board constructions shall comply with 2.10.6.4 and Table 2R of UL 60950-1.

13.6 Jointed insulation

Distances between conductive parts along uncemented joints shall be considered as cLEarances and
CREEPAGE DISTANCES for which the values of 13.3 or Annex J and 13.4 apply.

For reliably cemented joints, complying with the following tests, cLEARANCES and cReePAGE DISTANCES dO not

exist. In this
Compliance
For this test
The materia

Three appa
cycle:

68 h at

1hat (2

2 h at (0

1 h at (2

whereby X
component

One appara

case only 8.8 applies.

is checked by inspection, measurement and test.

enamelled winding wires, if any, are replaced by uninsulated wires.
s are considered to be cemented together, if they withstand the following)test.

[atus, components or subassemblies are subjected 10 times to_the-following

X + 2) °C,
5+ 2) °C,
+2) °C,

b+ 2) °C,

s the highest temperature measured.under normal operating conditions on th
br subassembly under consideration\plus 10 K with a minimum of 85 °C.

fus, component or subassembly-is subjected to the relevant dielectric strength

without the humidity treatment of 10.3; iowever, the test voltage is multiplied by 1,6.

This test is performed immediately after the 68 h temperature conditioning of the last cycle.

Upon concl
subassembl
multiplied by

NOTE The te
breakdown occl

ision of the cemplete number of cycles, the two remaining apparatus, cof
es are subjected’to the relevant dielectric strength test of 10.4; however, the test|
1,6.

t voltagedis higher than the normal test voltage in order to ensure that, if the surfaces are not ceme
irs:

temperature

e apparatus,

test of 10.4,

nponents or

voltages are

hted together, a

For transformers, magnetic couplers and similar devices, if insulation is relied upon for safety, a voltage
of 500 V r.m.s. at a frequency of 50 Hz or 60 Hz is applied between windings, and also between windings
and other conductive parts, during the thermal cycling condition above.

No evidence of insulation breakdown shall occur during this test.
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13.7 Enclosed and sealed parts

For apparatus, subassemblies or components, not CONDUCTIVELY CONNECTED TO THE MAINS and which are
enclosed, enveloped or hermetically sealed against ingress of dirt and moisture, the minimum internal
CLEARANCES and CREEPAGE DISTANCES may be reduced to the values as given in Table 12.

NOTE Examples of such constructions include hermetically sealed metal boxes, adhesive sealed plastic boxes, parts enveloped
in a dip coat or by type A coatings according to IEC 60664-3 of PRINTED BOARDS.

Table 12 DC — Minimum cLeARANCES and CREEPAGE DISTANCES
(enclosed, enveloped or hermetically sealed constructions)

WQRKING VOLTAGE up to and including Minimum CLEARANCES and CREEPAGE'DI$TANCES
V (peak) a.c. or V d.c. mm
35 0,2
45 0,2
56 0,3
70 08
920 0,4
110 0,4
140 0,5
180 0,7
225 0,8
280 1,0
360 1,1
450 1,3
560 1,6
700 1,9
900 2,3
1120 2,6
1400 3,2
1800 4.2
2 250 5,6
2 800 7,5
3 600 10,0
4 500 12,5
5,600 16,0
7 000 20,0
9 000 25,0
11 200 32,0
14 000 40,0
The values are appifcabie 1o both BASITC INSUATIONand SUPPLEMENTARY INSULATION———————
The values for REINFORCED INSULATION shall be twice the values in the table.
A minimum CTI (comparative tracking index) of 100 is required for the insulating materials used. The CTI rating refers to
the value obtained in accordance with {EG-60+12-selution-A UL 746A.
Linear interpolation between the nearest two points is allowed, the calculated spacing being rounded to the next higher
0,1 mm increment.

Compliance is checked by inspection, measurement and by subjecting the apparatus, subassembly or
component 10 times to the following temperature cycle:

— 68hat(Yt2)°C
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1hat(25+2) °C,

2hat(0+2)°C,

— That@25+2) °C,

whereby Y is the highest temperature measured under normal operating conditions of the apparatus,
subassembly or component under consideration, with a minimum of 85 °C. In case of transformers, Y is
the highest winding temperature measured under normal operating conditions, plus 10 K, with a minimum

of 85 °C.

The apparatus, subassembly or component is then subjected to the dielectric strength test of 10.4.

The tests an
No failure is
13.8 The dif
are treated v
shall be sub
NOTE Examp

Compliance

A visual ing

impregnating or other material, that coatings havexnot loosened or shrunk, and after se

b carried out on three samples.

allowed.

btances between conductive parts internal to apparatus, subassemblies or comp
ith insulating compound filling all voids, so that cLEARANCES and CREEPAGE DISTANCES
ect only to the requirements of 8.8.

es of such treatment include potting, encapsulation and vacuum irhpregnation.

is checked in accordance with 13.7, taking into;aceount 8.8 together with the fo

nents which
do not exist,

lowing:

pection shall be carried out to determinecthat there are no cracks in the emfcapsulating,

bctioning the

sample, thai there are no significant voids in the material.

14 DC Components

14.1 General

Where components are part of a,range of values it is usually not necessary to test every valye within that
range. If thig range of values_consists of several technologically homogeneous subranges, [the samples
should be rgpresentative of-each of these subranges. Moreover, it is recommended, where possible, to
make use of the conceptof:structurally similar components.

Whan—a cardain—flarmamabilibhv atacaoarnv/—aecardinatolEC AOAROE 4140 -ic rartread—rafaranecd—ic mada—ta
vVIICTT a ooriant IIG.IIIIIIG.UIIIly \.;cucyuly Cl\./\./UIUIIIy (AW | == ) JOJIITT1 U 1S IUHUIIGU, TCTCTTTIU S 1TIauc v
When no f|a'nm9hilihjl rnqnirnmnnfc are epnr\ifinrl in Clause 14 _the rnqnirnmonfc of20.2.5 g p|y

NOTE 1 In Australia and New Zealand the special national conditions of Clause 20, Note 2, also apply to all components.

NOTE 2

In Sweden, switches containing mercury such as thermostats, relays and level controllers are not allowed.

Except as indicated below, a component of an apparatus covered by this standard shall comply with the
requirements for that component. See Annex Y for a list of standards covering components used in the
apparatus covered by this standard.

A component is not required to comply with a specific requirement that:
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a) Involves a feature or _characteristic not required in_the application of the component in_the product

covered by this standard. or
b) Is superseded by a requirement in this standard.
A component shall be used in accordance with its rating established for the intended conditions of use.

Specific components are incomplete in construction features or restricted in performance capabilities.
Such components are intended for use only under limited conditions. such as certain temperatures not

exceeding specified limits, and shall be used only under those specific conditions.

14.2 DC Resistors

Component power supplies and their resistors complying with the construction and test requirements of
UL 1310, UlL 60950-1, or UL 62368-1 are considered to fulfill the construction and test requirements of
14.2.

Resistors, th
for operatior
shall have a
Such resistg

Compliance

Before test @) or b), the resistance of each sample is measured and the sample is then sub

damp heat t

Temperd

Humidity]

— Test dur;
a) For resi
bridging corn
maximum ra

Afte
befd

under fault conditions (see Clause 11) and resistors bridging, contact gaps of m
h adequate stable resistance value under overload.

rs shall be positioned inside the enclosure of the apparatus.

is checked by test a) or test b), carried out on a.sample of 10 specimens.

st according to IEC 60068-2-78 with the following severity parameters:
ture: (40 + 2) °C,

(93 + 3) % RH,

htion: 21 days.

btors connected between Hazarpous LIVE parts and AccessiBLE conductive parts ang
tact gaps of wmains’/switcHes, the 10 specimens are each subjected to 50 disc

te of 12/min,from a 1 nF capacitor charged to 10 kV in a test circuit as shown

I this test) the value of resistance shall not differ more than 20 % from the valug
re the-damp heat test.

No failure_is allowed.

e short-circuiting or disconnecting of which would cause an infringement of the fequirements

NINS SWITCHES,

jected to the

for resistors
tharges at a
in Figure 5a.

measured

b) For other resistors, the 10 specimens are each subjected to a voltage of such a value that the current
through it is 1,5 times the value measured through a resistor, having a resistance equal to the specified
rated value, which is fitted to the apparatus, when operated under fault conditions. During the test the
voltage is kept constant.

The value of resistance is measured when steady state is attained and shall not differ more
than 20 % from the value measured before the damp heat test.

No failure is allowed.
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For resistors connected between Hazarbous LIvVE parts and accessisLe conductive parts, the cLearances and
CREEPAGE DISTANCES between the terminations shall comply with the requirements of Clause 13 for
REINFORCED INSULATION.

Resistors with internal end-lead terminations are allowed only if the internal spacings are clearly and
precisely defined.

Compliance

is checked by measurement and inspection.

14.3 DC Capacitors and RC-units

Component power supplies and their capacitors complving with the construction and test requirements of
UL 1310. UllL 60950-1, or UL 62368-1 are considered to fulfill the construction and test requirements of
14.3.1 — 14.8.6.

14.3.1 DC
these tests 4

The duration

shall be 21 dlays.

NOTE Referg
electromagnetid

14.3.2 DC
infringement

a) withstan
60384-14:2¢

Sub
V ar

Sub
150

b) withstan
60384-14:2¢

Sub
V ar

Where reference is made to the tests specified in Table 9 of {EG-60384-44:2005 |
re supplemented as follows:

of the damp heat steady-state test as specified in 4.12 of IEG-66384-14:2005 |
nce is made to HEG—60384-1+4 UL 60384-14 irrespective of whether the capacitor or RC-u
interference suppression purposes or not.

Capacitors or RC-units, the short-circuiting.or disconnecting of which wou
of the requirements under fault conditions with regard to electric shock hazard
05 UL 60384-14.

Class Y2 capacitors or RC-unitssshall be used for apparatus with rated mains voli
d < 250 V with respect to-garth or neutral respectively.

class Y4 capacitors or‘RC-units may be used only for apparatus with rated maiNg

Class<Ys capacitors or RC-units shall be used for apparatus with rated mains voli
d <250 V with respect to earth or neutral respectively.

L 60384-14,

UL 60384-14

hit is used for

d cause an
shall:

d the tests for subclass Y2 or Y4 capacitors or RC-units as specified in Talple 9 of {EC

ages > 150

voltages <

V with respect to_garth or neutral respectively.
d the tests forsubclass Y1 or Y2 capacitors or RC-units as specified in Table 9 of {EC
065 UL 60384-14.

ages > 150

Subclass Y2 capacitors or RC-units may be used only for apparatus with rated mains voltages <

150

V with respect to earth or neutral respectively.

NOTE For the application of a) and b), reference is made to 8.5 and 8.6.

Such capacitors or RC-units shall be positioned inside the enclosure of the apparatus.
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14.3.3 DC Capacitors or RC-units having their terminations piRECTLY CONNECTED TO THE MAINS, shall
withstand the tests for subclass X1 or X2 capacitors or RC-units as specified in Table 9 of {EC
60384-14:2005 UL 60384-14.

Subclass X1 capacitors or RC-units shall be used for PERMANENTLY CONNECTED APPARATUS intended for
connection to a mains with a nominal voltage > 150 V and < 250 V with respect to earth or neutral

respectively.

Subclass X2 capacitors or RC-units may be used for all other applications.

Y2 capacitors or RC-units may be used instead of X1 or X2 capacitors or RC-units.

Y4 capacitorls or RC-units may be used instead of X2 capacitors or RC-units in applications

14.3.4 DC
output, the
overheating,
60384142

The charact
under norma

14.3.5 (Inte
mentioned ir

14.3.6 Caps

NOTE IfX1o
are considered

a) Capacit
capacitor or
with the pass
or better.

b)
exceeding 1
shall comply|
specified in
when they g

Subclause 1

When the distance between poTenTIAL IGNITION sources and capacitors or RC-units wi

Capacitors or RC-units across a secondary winding of a transformer with’ mai
short-circuiting of which would cause an infringement of the requiréments w
shall withstand the tests for subclass X2 capacitors or RC-units as specified in T
DO5 UL 60384-14.

pristics of the capacitors or RC-units shall be appropriate, for)their function in th
| operating conditions.

htionally kept free for future requirements for capacitors or RC-units otherg
14.3.2 to 14.3.4).

citors or RC-units not covered by 14.3.2 to14.3.5

X2 capacitors or RC-units are used in places dther than required in 14.3.3, these X1 or X2 capaci
[to be covered by 14.3.3 as well.

prs or RC-units with a volumé~exceeding 1 750 mm?3 used in circuits wher

RC-unit is short-circuited, the current through the short circuit exceeds 0,2 A,
IVE FLAMMABILITY requirements according to 4.38 of IEC 60384-1:2008, flammabilit

750 mm?3 does not exceed the values specified in Table 13, then these capacitory
with the relevant passive FLAMMABILITY requirements according to 4.38 of IEC 6038

e shielded by a barrier as specified in 20.2.5 from the POTENTIAL IGNITION SOURCE.

<150 V.

s frequency
th regard to
hble 9 of {EC

e apparatus

than those

ors or RC-units

a}

B, when the
shall comply
y category B

h a volume
5 or RC-units
1-1:2008, as

[able 13 0rbetter. No passivE FLAMMABILITY requirements apply to these capacitors @and RC-units

36 is not npplir\nhln 1o metal-cased r\npnr\ifnre and RC-units._ Thin r\nnfing or ti

a case is ignored.

bing in such
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Table 13 — Flammability category related to distance from POTENTIAL IGNITION SOURCES

Open circuit voltage of the
POTENTIAL IGNITION

Distance from POTENTIAL
IGNITION SOURCES to the

Distance from POTENTIAL
IGNITION SOURCES to the

PASSIVE FLAMMABILITY
category according to IEC

SOURCE capacitor or RC-unit capacitor or RC-unit 60384-1
downwards or sideways upwards less than 2
less than @
V (peak) a.c. or d.c. mm mm
> 50 and < 4 000 13 50 B
> 4 000 see 20.3

a See Figure 13.

I o

Compliance fischecked according to 438 of 1E€-60

14.4 DC Inductors and windings

QO 4 4 .00
Vo= 1.2UVU0.

Component [power supplies and their inductors and windings complying with theyconstruclion and test
requirements of UL 1310, UL 60950-1 or UL 62368-1 are considered to fulfilhthe construction and test

requirements of 14.4.1 — 14.4.6.2.

14.4.1 Requliirements

Inductors and windings shall comply with

— either the
addition:

Insulating mpaterial of inductors and windings, except in thin sheet form, shall comply with 2

— or with the requirements given below.

NOTE Examples of relevant parts of IEC 61558-2\are:

IEC 61558-2-1:|SEPARATING TRANSFORMERS

IEC 61558-2-4:

ISOLATING TRANSFORMERS

IEC 61558-2-6:| Safety ISOLATING TRANSFORMERS

IEC 61558-2-1¢: Transformers for switch mode power supplies.

requirements of IEC 61558-1 and the relevant parts of IEC 61558-2, with

he following

.2.5;
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14.4.2 Marking

Inductors the failure of which can impair the safety of an apparatus, for example ISOLATING TRANSFORMERS,
shall be marked with the manufacturer’'s name or trademark and with a type or catalogue reference. The
manufacturer's name and the type reference may be replaced by a code number.

Compliance

is checked by inspection.

14.4.3 General

NOTE 1

Depending on the application in the apparatus attention is drawn to the requirements of 10.2 for the insulation of windings.

ISOLATING TRANSFORMERS shall comply with

14.4.4 an

14.451

14.4.6.1

SEPARATING TH

d
por 14.4.5.2 and
or 14.4.6.2.

ANSsFORMERS shall comply with

- 1444 and

— 14453 and

- 14.46.1pr14.4.6.2.

Other windirgs, for example induction motors wheére the power is supplied to the stator only| degaussing
coils, relay doils, autotransformers, shall comply ' with 14.4.4.1, 14.4.6.1 and 14.4.6.2 as far as applicable.
Transformerp for switch mode power supplies (SMPS) shall comply with the requirements of |JEC 61558-1
and IEC 61§58-2-16, or with the requirements for ISOLATING TRANSFORMERS Or fOr SEPARATING TRANSFORMERS as
given above

Insulating mpaterial of inducters.and windings, except in thin sheet form, shall comply with 2Q.2.5.

NOTE 2 Forg

lanar transformers, see 2.10.6.4 and Table 2R of IEC 60950-1:2005.
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14.4.4 Constructional requirements

14.4.41 All

windings

CLEARANCES and cReePAGE DISTANCES shall comply with the requirements of Clause 13.

14.4.4.2 Designs with more than one winding

When an insulation barrier consisting of an uncemented pushed-on partition wall is used, creepaGge
DISTANCES are measured through the joint. If the joint is covered by an adhesive bonding tape in accordance
with the IEC 60454 series, one layer of adhesive bonding tape is required on each side of the wall in order
to reduce the risk of tape folding over during production.

The input arn
be such thaf
through con
In particular,
undue di

undue di

undue d
loosening of

wires, sg
output windi

The last turn

agent, or retention shall be implied by process technology.

Where chee
Each layer d
turns of eac
— the wind
intervening s
the windi

the windi

d output windings shall be electrically separated from each other, and the-Ccons
there is no possibility of any connection between these windings, either(directly
juctive parts.

precautions shall be taken to prevent:

5placement of input or output windings, or the turns thereof;

5placement of internal wiring, or wires for external connections;

splacement of parts of windings, or of internakwiring, in the event of rupture
connections; and

rews, washers and the like from bridging.any part of the insulation between t
ngs, including the connections of windings, should they loosen or become free.

of each winding shall be retained in a reliable manner, for example by tape, suit
kless bobbins are used( thie end turns of each layer shall be retained in a relig
an, for example, be interleaved with adequate insulation material projecting bey

h layer and, moreover; either

ngs shall be\impregnated with hard-baking or cold-setting material, substantia
paces and, effectively sealing-off the end turns, or

ngs shall be held together by means of insulating material, or

ruction shall
or indirectly

of wires, or

he input and

bble bonding

ble manner.
ond the end

lly filling the

as shall for examnle be fixed bv nrocess technology
~ 7 Lad 7 J 97

NOTE
Where serra

Compliance

It is not expected that two independent fixings will become loose at the same time.

ted tape is used, the serrated part is disregarded as insulation.

is checked by inspection.
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14.4.5 Separation between windings
14.4.5.1 Windings of cLass i construction

The separation between Hazaroous LIvE windings and windings intended to be connected to AccessiBLE
conductive parts shall consist of pousLe or REINFORCED INSULATION according to 8.8, except that for coil
formers and partition walls providing ReiNFORCED INsULATION a thickness of at least 0,4 mm without additional
requirements applies.

Where an intermediate conductive part, for example the iron core, not intended to be connected to
AccessiBLE conductive parts is located between the relevant windings, the insulation between these

windings via

the intermediate conductive part shall consist of boUBLE Or REINFORCED INSULATION @

s mentioned

above.
Compliance
14.4.5.2 Wi

The separati
may consist
with:

— the insu
requirement

the insul
requirement

the protg
positioned b
input voltage
— the prote
width of ong
space betwd
— the prot
simultaneou
— the prote
a breakdow

is checked by inspection and by measurement.
ndings of cLass 1 construction

on between Hazarpous LIVE windings and windings intended to_be connected to Ac

ation between Hazarpous Live windings and the protective screen shall com
b for Basic INsuLATION according to 8.8 dimensioned for the HazarDous LIVE voltage;

5 for dielectric strength according to Table\5, item 2;

ctive screen intended to be conneeted to a PROTECTIVE EARTHING TERMINAL OF CON
btween the input and output windings in such a way that the screen effectively
being applied to any output winding in case of an insulation fault;

ctive screen shall consist of a metal foil or of a wire wound screen extending at
of the windings adjacent to the screen. A wire wound screen shall be wound
en the turns;

bctive screen shall be so arranged that its ends cannot touch each othg
5ly an iron-caore, in order to prevent overheating due to creation of a shorted wir]

ESSIBLE parts

of Basic INsuLATION plus PRoTECTIVE scReeNING only if all of the following conditions are complied

ply with the

btion between the protective screen and non-Hazaroous Live windings shall conpply with the

tact shall be
prevents the

least the full
tight without

r nor touch
ding;

ctivesséreen and its lead-out wire shall have a cross-sectional area sufficient to
h ofdimsulation should occur, a fusing or interrupting device will open the circ

screen or th

lead-out wire is r*lnefrnynrl;

|

nsure that if

uit before the

soldering, welding, riveting or crimping.

Compliance

is checked by inspection and by measurement.

the lead-out wire shall be connected to the protective screen in a reliable manner, for example by
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14.4.5.3 Windings of separating construction

The separation between Hazarpous LIvE windings and windings intended to be connected to parts
separated from AccessiBLE parts by suPPLEMENTARY INSULATION only shall consist of at least Basic INsuLATION

according to

Compliance

8.8.

is checked by inspection and by measurement.

14.4.6 Insulation between Hazarpous LIVE parts and AccessiBLE parts

14.4.6.1 Windings of cLass i1 construction

The insulatig

— between
conductive (g

between

n:

HAzARDOUS LIVE windings and accessisLe parts or parts intended to be connected
arts, for example an iron core; and

HAZARDOUS LIVE parts, for example an iron core connected to a;HAZARDOUS LIVE

windings int¢nded to be connected to accessiBLe conductive parts;

shall consist
walls provid
applies.

Compliance
14.4.6.2 Wi
The insulatiq
between

ACCESSIBLE CO
and

between
functional in
PROTECTIVE EA

shall consist

The winding

of DOUBLE Or REINFORCED INSULATION according to 8.8, exceptithat for coil formers

t0 ACCESSIBLE

winding, and

and partition

Ng REINFORCED INSULATION, a thickness of at least 0,4/-mm without additional fequirements

is checked by inspection and measurement.

hdings of cLass | construction

n:

HAzARDOUS LIVE windings and AccessiBLe conductive parts or parts intended to be

nductive parts connected to(@ PROTECTIVE EARTHING TERMINAL Or contact, for example

HAZARDOUS LIVE paris; for example an iron core separated from a HAzARDOUS Liv
sulation only, and-.winding wires or foils of protective screens intended to be co
RTHING TERMINAL O contact,

of Basi¢glNsuLATION according to 8.8.

have a current=cs C
fusing or interrupting dev

&

Compliance

wires’ of windings intended to be connected to a PROTECTIVE EARTHING TERMINAL OF

is checked by inspection and measurement.

tonnected to
an iron core;

E winding by
nnected to a

contact shall

uld occur, a
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14.5 DU Hi

gh voltage components and assemblies

14.5.1 DU General

NOTE 1

For high voltage cables, reference is made to 20.2.3.

NOTE 2 The clearance distance specified in this clause is to include the straight line distance. between conductive parts operating
at voltages exceeding 4 kV (peak) located within the component and conductive parts of opposite polarity that are located external
to the component, through any insulating material that has not been found reliable with regard to temperature and voltage involved
and has no arc-tracking characteristic as determined by the tests in ASTM D495.

Components_operating at voltages exceeding 4 kV (peak) and spark gaps provided to protect against

overvoltageq
of the appar

Compliance
thetest-of-14

conducti

if-not-otherwise-covered-by20-2-4; shall not give rise to danger of fire to the

htus, or to any other hazard within the sense of this standard.

is checked by meeting the requirement for category V-t-aceordingto-HEG-60695
-5 2-and-14-5-3-respectively-in-which-no-faiture-is-altowed: V-2 according to UL g

g the test in 14.5.2 in the apparatus on all exterior materials.of the component

surroundings

-11-10-or-by

94 and either:

where all the

exterior mati

brials are rated not less than V-2, and on all materials of anv. associated part t

nat are rated

not less tha
where the d

h V-2 that are located between the component and condlictive part at a differgnt potential,

learance distance between the component and conductive part is _less than

the distance

specified in

conducti

Figure 22 for the potential involved, or

ng_the test in 14.5.4 on_all_exterior materials. of the component where all of

the external

materials ar

b rated not less than HB. and on all materials of any associated part rated not

less than HB

that are loca

ted between the component and a_condtictive part of opposite polarity where t

he clearance

distance bet

ween the component and conductive part is less than the distance specified in

Figure 22 for

the potentia
A _componer]
a) Operatir
b) Having .

¢c) Having

involved.

t. such as a high-voltage transformer:
pg at voltage of more than4 kV (peak).
ht least one winding-connected to the mains, and

another winding, located within _the same component _housing that is_conn

ected to _an

ACCESSIBLE P&

Ing

shall withstand the-conditioning and dielectric voltage-withstand test described in 14.5.5. T

no breakdoy

n ‘ofthe insulating materials when breakdown results in a risk of electric shock.

ere shall be
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14.5.2 DU High voltage transfoermers-and-muiltipliers arcing test

ertat

[

+ £, A H d-ithat thi Aiti i + |~ iadl g | h hre4th
Atransrofmers—are—so-aesignettnattriSpPreconaitiong-tannotoe—Camea_Ooutym—Sutn—CaSesS;—Ormy—tht

S
D*

d

oy

The;

eak) or a part of a different potential with I

bss than the
reing test,

t operating at more than 4 kV
arance distance shall not produce a risk of fire when subjected to the following

A_compone
specified clg

For this test

voltages are to.be _measured with and without any accessories. with_ and with

out any one

tube and fud

e _(exclusive ‘of Copper or copper alloy links in any low-voltage heater circuit) dis

abled in_any

manner_tha

occurs_in service, and with any combination of these conditions. All_contro

s _are to be

adjusted to

give_the Ynmaximum voltage possible with a _useable picture. Following this _ad

justment, all

external op€

rating-controls and all user controls that are externally marked to _identify their pt

rpose are to

be adjusted

to produce the maximum voltage. V1. regardless of the effect on the picture. A

\n_automatic

voltage reg

Iofs ’~) H oot FH 4 P P ) H=Y 3 Aol £ tH =) H L £ /!
iy U viee tictl CUNILNIdco YU POTTUTTTT Tt HICTIVUCU TUTTCUUNT UTTUCT oI ITYIC Tl

condition is

not to be rendered inoperative for this test.

All components operating at more than 4 kV (peak) shall be conditioned for 168 hours in a full draft
circulating-air oven at a temperature 20 °C higher than the normal operating temperature of the
component, and not less than 70 °C. The oven is to maintain a tolerance of +2.0 °C.

An arc, using the energy available from the high-voltage component, is to be established between the
component and any adjacent part of different potential where breakdown will occur due to deficiency in
clearance distance. The arc is to be used to attempt to ignite exterior materials of the high-voltage
component and to _ignite materials of associated parts located between the high-voltage component and
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parts of different potential. The arc is to be established by means of a conductive probe. The conductive
probe is to be used to break through unreliable insulation or to create arc tracking across the surface of
insulating materials (for example, tube sockets. or TerminaL_boards). The arc length developed with the
probe is not to exceed the distance specified in Figure 22. The arcing is to be continued for 15 min at each
location. When flaming occurs, the arc is to be extinguished by disconnecting power to the apparatus and
the time of flaming measured. When the flame self-extinquishes in less than 30 sec. the arcing is to be
re-established and continued for a total arcing time of 15 min. If arcing cannot be maintained using the
above conditions of operation, a minimum value of impedance, necessary to maintain arcing, shall be
added to the probe circuit in order to maintain arcing conditions for the required time period. The results
are considered unsatisfactory if flame resulting from the arcing continues for more than 30 seconds after
arcing is discontinued.

14.5.3 DU High voltage assemblies and other parts

FHammabilitytest

T ] , . i 10 -

14.5.4 DU

Prior to this

Component part flame test

est, three samples of a component operating at more thah 4 kV (peak) shall b

conditioned

for 168 hou

s in a full draft circulating-air oven at a temperature 20 °C higher than the norn

hal operating

temperature

of the component, and not less than 70 °C. The oven is to maintain a toleranc

b of +2.0 °C.

Exterior mat,

brials of a component operating at more than4.kV (peak) shall not continue to fla

me _for more

than 10 s after each application of five 15 s test flames.and after the fifth application of th

conductive i

hternal high-voltage parts shall not be expesed. The period between applications

e test flame
of the flame

is 15 s. The

test flame is to be obtained from a 9.5vmm diameter Tirrill burner adjusted to giy

e a flame 13

cm _high with

a 4 cm blue inner cone. The tip ofdhe inner cone of the flame is to be applie

d fo the part

under test.
14.5.5 DU

Three samp

High-voltage isolating component

es of the high-voltage component, connected as in normal operation. are to be ¢

onditioned in

a_circulatingl

Lair oven. The operating temperature of the oven is that required for the compo

nent winding

to_reach _the

winding _agingAemperature. The winding aqing temperature is_obtained from ti

he_horizontal

axis of Figur

e 23. This tempetature is determined by the intersection of the aging time and hi

torical class

105 (A) syst

used shall n|

t be less than the normal operating temperature of the winding of the compon

b response-curve in Figure 23. The aging time is determined by the manufacturér. The curve

nt.

berature _and
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14.6 Protective devices
14.6.1 General
The application of protective devices shall be in accordance with their rated values.

External cLearances and creepaGe DISTANCES Of protective devices and their connections shall meet the
requirements for Basic iNnsuLATioN of Clause 13 for the voltage across the device when opened.

Compliance is checked by measurement or calculation.

14.6.2 DU THERMAL RELEASES

14.6.2.1 THERMAL RELEASES used in order to prevent the apparatus from becoming unsafe! within the sense
of this standprd shall comply with 14.6.2.2, 14.6.2.3 er—+4-6-2-4 respectively, whichever-is a

with

14.6.2.2 DC tHERMAL cuT-ouTs shall meet-onre-of-thefollowingrequirements: compl
60730-2-9.

PUTPNS INTET=PCPoN T £
VITORETUISCONNECTIONT(T
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comply with UL 60691.

14.6.2.3 DC TtHERMAL LINKS shall
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14.6.3 Fuses and fuse holders

14.6.3.1 DC Fuses directly connected to the mains, used in order to prevent the apparatus from
becoming unsafe within the sense of this standard shall comply with the relevant part of {EC-606127
Rie hey-have en i he ifiedHnth UL 248-14.

For marking see 14.6.3.2.

Compliance is checked by inspection.

14.6.3.2 DL For fuses complying—withtEC—60127, the following marking shall be located on each
fuse-holder or close to the fuse, in the given order:

N P . | stic:
examples-are:

— the rated current in milliamperes for rated currents below, 1°A, and in amperes for rated gurrents of 1
A or more;

“I*Izlii

-denoting-the-breaking-capacity-of-the-assigned-fuse;
hples-are:

 notinalow-breaki ity
enoting-enhanced-breaking-capacity;
enoting-high-breaking eapacity:

Examples of marking:

F3#5+t—oer—F315-mA+t-315 or 315 mA
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F256H—er—F+25-AH 1.25 or 1.25 A

the voltage rating of the fuse, where a fuse with a lower rated voltage could be fitted in error.

However, it is permissible to locate the marking elsewhere, in or on the apparatus, provided that it is
obvious to which fuse holder the marking applies.

The marking is not required on apparatus with permanently sealed enclosures. Examples of permanently

sealing an

nclosure would be sonic welding, riveting or _sealing screw_heads. Enclosures

secured by

one-way Sscr

Compliance

14.6.3.3 Fu
be used.

Compliance

14.6.3.4 If pazarpous LIVE parts are rendered accessiBLe during<replacement of fusing or

devices, acd
Fuse-holder:
fuse-carrier
parts do not
removed. FU
When the fu
Compliance

14.6.4 DC

PTC THERMIST(

standard shall comply with:

— UL 1434

Clauses

Compliance

bws are not considered permanently sealed.

is checked by inspection.

be holders, so designed that a fuse can be connected in parallel in the“same cirg

is checked by inspection.

ess to such parts shall not be possible By HAND operation.
5 for miniature cartridge fuses of the screw<in or bayonet type shall, if ren
By HAND is possible from the outside of the @pparatus, be so constructed that H
become accessiBLE, either during insertiothor removal of the fuse, or after the fu
se holders in compliance with IEC 60127-6 satisfy this requirement.
Be carrier is constructed to hold the fuse, the fuse is placed in the fuse-carrier du
is checked by inspection.

PTC THERMISTORS

rs used in order.o prevent the apparatus from becoming unsafe within the s

els

15517, J.15 and J.17 of IEC 60730-1:2010; or

uit, shall not

interrupting

hoval of the
AZARDOUS LIVE
se has been

ring the test.

ense of this

IEC 60730-1 for a device providing Type 2.AL action.

is checked by inspection and by the tests of 11.2 of this standard.
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14.6.4A DC Other protective devices DIRECTLY CONNECTED TO THE MAINS

Such protective devices (for example special fuse links not covered under UL 248-14) that are DIRECTLY

CONNECTED TO THE MAINS and used in order to prevent the apparatus from becoming unsafe within the sense
of this standard shall have adequate breaking capacity and comply with UL 873, UL 1416. UL 1417, or

UL 2111, as applicable.

14.6.5 DC Protective devices not mentioned in 14.6.2, 14.6.3, or 14.6.4 or 14.6.4A

Such protective devices, for example fusing resistors, fuses—neot-standardized-intEG-60427 or miniature
circuit breakers, shall have adequate breaking capacity.

For non-resgttable protective devices, such as fuses, a marking shall be located close to the protective

device, so tl
Compliance

The test und

No failure is|allowed.
14.7 Switches
14.7.1 DU MANUALLY OPERATED MECHANICAL swiTCHES and relays-which

control ¢

have vollage across the open switch contacts exceeding 35 V (peak) a.c. or 24 V d.c.

at correct replacement is possible.
is checked by inspection and during the tests under fault conditions (5ee 11.2).

er fault condition is carried out three times.

irrents exceeding 0,2 A r.m.s. a.c. or d.c., and/or

shall meet-gne-of-the-following—reguirements: comply with the requirements of UL 508, UL |1054, or UL
61058-1. as|applicable.

A MAINS swit

h or relay shall be rated for the total rRaTED curreNT consumpTiON Of the apparatus

is to be equal
ing conditions,

p-third of the
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1476 D
apparatus s

A mains switch provided on audio apparatus intended for househeld use and
pall comply with (a), (b) or (c). and a switch that controls a maiNs~¢onnected rec

on all video
pptacle shall

comply with

(b) below. The contacts of a mains relay shall comply with (a)y.(b) or (d). and thé

b contacts of

a relay that

a) Satisfy t

controls a mains connected receptacle shall comply with (b) o¢’(d) below.

he following equation for maximum current controlled.By a non-TV-rated switch:

unless | .q

lo < 1,414 lgich

< 1/2 1..u0nand the switch is double or-multi pole, with a minimum of two pol

s controlling

mains curremt, either in series or switching both mains lines, in which case

in_which:

[52< 10 lguien

is the worst case r.m.s current drawn by the unit in operation,

the peak inrush edrrent controlled by the switch or relay. as determined by 14.7

.6.1. and

b) Be TV-r.

APPARATUS.

L is the switch or relay r.m.s. current rating in amperes.

hted unless it is a keylock mains switch used in series with a mains on-off switch in

|2 COMMERCIAL

c) Be located on the back of the apparatus and is not operable from a remote control.
d) Comply with the test in 14.7.6.2.
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14.7.6.1 DU The apparatus is to be connected to a rated supply source calibrated fo represent a 20-A

household branch circuit having a momentary 1

-A _short-circuit current capability.

The controls _and switches are to be adjusted as indicated in clause 7 and the thermal state of the
apparatus is to maximize the magnitude of the inrush current.

The test circuit to which the apparatus is connected is to be momentarily energized by operating the
test-circuit control switch asynchronously for 60 — 100 cycles of closure and opening. The waveforms of

these events are to be displayed on a storage oscilloscope connected across a 0,02-ohm, high frequency
resistive_shunt.

See An

Note:

The peak in

in_which:

l

E, i

o IS

nex W for information concerning the 0,02 ohm resistor.

[ush current is to be calculated according to the equation:

lo=Es/ Rg

the calculated peak inrush current of the apparatus beingd:tested,

b the maximum value of voltage measured across the.0.02-ohm _high-frequency

esistive

shunt as displayed by the storage oscilloscope. provided‘that the voltage waveform

has a

durd

—.

R i

14.7.6.2 D
steady-state

tion of at least 100 microseconds and

b the exact resistance of the high-frequengy‘resistive shunt.

A relay shall be subjected to 2. cycles of operation making and breaking t
(r.m.s.) current based on the input'current and the marked receptacle rating. as|

he maximum
appropriate.

A tungsten ||

During the

bad is to be connected to the receptacle for the test.

est, exposed dead metalparts of the apparatus are to be connected to ear

th_through a

1-ampere p

g fuse. and the connection is to be such that any single-pole. current-interrupt

ing_device is

located in th

b ungrounded conduetor of the supply mains. When the apparatus is intended for

se on direct

current, or o
are to be cd

nnected so_aslto be positive with regard to a single-pole current-interrupting cd

n direct current as well as alternating current, the exposed dead metal parts of the apparatus

ntrol_device.

The device

s to be operated at a rate of no more than 10 cycles per minute. Electrical o

[ mechanical

breakdown

f the control device. undue burning or pitting of the contacts. or opening of th

b fuse in the

earthing con

nection\shall not occur.
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14.7.7 DU A double-pole switch controlling two different circuits shall be suitable for the application. The
current, frequency, and voltage rating for each pole shall not be less than the maximum steady-state
current, frequency. and voltage that it controls.

A double-pole switch controlling one ac circuit and one dc circuit is capable of being used without further

tests when:

a) The dc circuit voltage is 60 V or less,

b) The dc circuit power capability is 50 W or less, and
c) The dc current is 10 % or less of the ac current rating of the switch.
14.8 DU SAFETY INTERLOCKS

SAFETY INTERL
sense of thig

For requiren
+:2009 IEC

bcks shall be provided where access By HanD is possible to areas presenting hg
standard.

nents and test specifications reference is made to 2.8 of {EG60950-1:2005
60950-1:2013 except that the jointed test finger referred te in" 9.1.1.3 is used

zards in the

HAmendment
0 _determine

accessibility

(2.8.2 of IEC 60950-1:2013) and interlock operation (2.8:3 of IEC 60950-1:2013

).

14.9 Voltage setting devices and the like

The apparat
nature of su

Compliance

Changing of
this requiren

14.10 Moto
14.10.1 Mof
mechanical

contacts and

Compliance
conditions.

Lis shall be so constructed that changing the setting from one voltage to another
bply to another is unlikely to occur accidentally.

is checked by inspection and by manual test.

the setting which necessitates consecutive movements By HAND iS considered to
pent.

's
ors shall be so censtructed as to prevent, in prolonged intended use, any
failure impairing \compliance with this standard. The insulation shall not be

connections,shall be such that they do not work loose by heating, vibration, et

is checked by the following tests carried out on the apparatus under norm

or from one

comply with

electrical or
hffected and

h
L.

al operating

RATED SUPPLY

a) The ap,

argius is connected to 1,1 times the raTeD suppiv vorTice and to f)’Q times the

VOLTAGE, each time for 48 h. Motors for short-time or intermittent operation are connected for periods in
accordance with the operating time if limited by the construction of the apparatus.

In case of short-time operation, suitable cooling intervals are inserted.
NOTE 1 It can be convenient to carry out this test immediately after the test of 7.1.
b) The motor is started 50 times while the apparatus is connected to 1,1 times the RATED SUPPLY VOLTAGE

and 50 times while connected to 0,9 times the rRaTED suppLY VOLTAGE, each period of connection being at
least 10 times the period from start to full speed, but not less than 10 s.
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The intervals between starts shall be not less than three times the period of connection.

If the apparatus provides for more than one speed, the test is carried out at the most
unfavourable speed.

After these tests, the motor shall withstand the dielectric strength of 10.4, no connection shall have

loosened an

d there shall be no deterioration impairing the safety.

NOTE 2 For induction motors with power supplied to the stator only, see also 14.4.3.

14.10.2 Motors shall be so constructed or mounted that wiring, windings, commutators, sliprings,
insulations, etc., are not adversely affected by oil, grease or other substances to which they are exposed

during intendled use.

Compliance
14.10.3 Mo

adequate pr
shall have a

Compliance

14.10.4 In 4
IEC 60950-1

14.11 Battefries

14.11.1 D(Q

Portable sed
electrolyte s

Batteries sh
leakage of €

Internal rech

is checked by inspection.
ing parts liable to cause personal injury shall be so arranged of~enclosed 4
btection against this danger during intended use. Protective englosures, guards
dequate mechanical strength. They shall not be removable ¥ HAND.

is checked by inspection and by manual test.

ddition, for motors having phase-shifting capacitors, three-phase motors and ser
:2005, Annex B, Clauses B.8, B.9 and B.10 apply:

General

ondary sealed cells and batteries (other than button) containing alkaline or ot
nall comply with {EG-62133-UL 2054.

il be so mounted that there is no risk of the accumulation of flammable gases
lectrolyte cannot impair,any insulation.

argeable and nen-rechargeable batteries that are replaceable by the user or a g

s to provide
and the like

es motors of

her non-acid

and that the

KILLED PERSON

shall additiopally comply with"14.11.2 — 14.11.5.
SPECIAL BATTERY packsthat are removable by the user from the apparatus and may be carried by the user
separatel om the apparatus are considered transportable and shall additionally comply with the
following tesit requirements detailed in UL 2054:

—_Short-circuit test, Section 9:;

— Abnormal charging test, Section 10;

— Forced-discharge test

ection 12; and

— 250 N steady force test: Section 19.

NOTE Consumer grade, non-rechargeable carbon-zinc or alkaline batteries are not subjected to the tests specified in 14.11.2 —

14.11.5.
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Compliance

is checked by inspection and measurement.

14.11.2 User replaceable rechargeable batteries

If it is possible for the user to replace rechargeable batteries, which can be recharged in the apparatus,
by non-rechargeable batteries, special means, such as a separate charging contact on a rechargeable
special battery-pack or an electronic protective circuit, shall be provided to avoid any current being
supplied into the non-rechargeable batteries.

This requirement does not apply to batteries inside the apparatus, the replacement of which by the user

is not intend

ed, for example batteries for memories.

Compliance
NOTE Additio

14.11.3 Bat

is checked by inspection.
hal requirements regarding the instructions for use are given in 5.5.2.

tery use

Under normal operating conditions and under fault conditions,

for lithiun
shall not exd
Compliance

Lithium batt
discharging

14.11.4 DC
A SPECIAL BAT|
thermoplasti
electrolyte ¢

Compliance

The battery
of 7 h. Foll

for rechelrgeable batteries, the charging current,

N batteries, the discharging current and the reverse current,
eed the permissible values given by the batteryymanufacturer.
is checked by measurement.

bries shall be removed from the cir¢tiit and replaced by a voltage source whe)
currents and by a short circuit when measuring reverse current.

Battery mould stress relief

rERY not-covered-by1EG-62133, in which containment of the electrolyte is deper

C material, shall notrelease electrolyte due to stresses caused by the moulding g
hn contact insulation or enter a user-serviceable compartment.

is checked by the following test.

s tobesplaced in an air-circulating oven, maintained at a temperature of 70 °C
bwing’ the oven conditioning, the battery shall be examined for electrolyte th

released.

N measuring

dent upon a
rocess if the

for a period
at has been
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14.11.5 DC DU Battery drop test

A user-serviceable speciaL BATTERY not-covered-bytEC-62133 shall not release electrolyte as a result of
being dropped.

Compliance is checked by the following test.

Three samples are each to be subjected to a single drop, or one sample is to be subjected to three drops,
through a distance of 1 m to strike a hardwood surface as described in 15.4.3. Following the drop test,
each battery is to be examined for electrolyte that has been released.

14.11.6 DU

An apparatu

External battery

s intended for use with an external battery shall be provided with an overcurre

nt protective

device in the

Alternatively
apparatus is

battery-supply circuit.

intended to be connected to a vehicle power outlet using a vehicle battery ada

the overcurrent protective device in the apparatus battery-supply circuit is not reéquired if the

ter.

Vehicle batt

bry adapters supplied with or specified for use in the user instruction manual shal

comply with

the requiren

14.12 DC ¢

Component

ents of UL 2089.

Dptocouplers

ower supplies and their optocouplers complying' with the construction and test lequirements

of UL 1310,

UL 60950-1, or UL 62368-1 are consideredto fulfill the construction and test re

uirements of

this sub-clad
Optocoupler

CLEARANCES a

S€.

5 shall comply with the eenstructionabrequirements-of-Clause-8 requirements in

nd crReePAGE DISTANCES external to-the optocoupler shall comply with 13.1.

UL 1577.

Ear 3 T NP2 Hh an intarnal inatlodin e~ A AL iAA AaranIatAaly fHHAA tha Agoinea ~Af tha AN~~~ AIAY A~
FOTOpPpoCOUpICTSVWitrar e armouratmy— L ormpoana—C O pretery Tyt Lasmy Ut~ OpioCcOupicT; 1o
Earall otharlantaconuplere the - internal creamaneece and coccoaas ia—a cao chall coarmnhy with 40 4

FOTanmr OtnC T OpPpTtOCOUPICT S, G tCTal CCEARANCUES alnTU-UREEr AGE DISTANCES  STHan— COTTToTy —wWith— o1~

Thara e nol minimam-dictanece—thrarab—incirlation—for ar

TS O o i TGS tantC T trTOuyr S urationT TOT SUFPFPLEVMIENTARY  INSUCATIONUT REIMNFORYED INSULATION
econcictina—of an—inaefilatina—eceomponnd—recamplatalh fillinatha ecacin af an oant pinlay vy AN AA daat da A
Consistyg— O arhautaay—Compoaa—Corpretery—nmiyg—tneCasimy OTrar OptoCOopiicT—proviicU—tacrtric
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ini, i ;
. ith-13-8f Leable-
14.13 DC Surge suppression varistors

Surge suppression varistors used in order to prevent mains overvoltages coming into the apparatus shall
comply with {EG-6105+-2 UL 1449.

Such components shall not be connected between parts connected to the mains and accessiBLE conductive
parts or parts connected to them, except for earthed parts of PERMANENTLY CONNECTED APPARATUS.

Where a varlstor in series with a Gas Discharge Tube (GDT) is used to bridge Basic INsuLATI@N, [the following
applies:

— the varistor has to comply with {EG-61051-2-as-indicated-below UL 1449; and
— the GDT|has to comply with:
e the electric strength test for Basic iNsuLATION; and

e the external cLEARANCE and CREEPAGE DISTANCE requiremefts for BASIC INSULATION.

The [minimum value-of-the maximum continuous a.c. voltage shall be 1,2 times the faTED SsupPPLY
voLTAGE of the apparatus.

— current pulse rating-(2-+2-oHEC-6105+2:1991H

Surge suppression varistors shall withstand a combination pulse of 6 kV/3 kA with vpltage
waveform-of 1.2/50 = and current waveform of 8/20 =

As an alternative, the combination pulse test 6fHEG-61051+-2:1991-Amendment-1:2009+(2:3:6;
Fable-l—group—1-and-Annex-A); or nominal discharge current (/) test with the current values in

accordance with Table 8.2 of UL 840, including consideration of the nominal mains voltage and
overvoltage category, is acceptable.

Compliance is checked by applying the test of tECG-61051-2-grotp—+ UL 1449. After the test,
the varistor voltage V,, (as defined in 1£€-61+65+ UL 1449) shall not have changed by more than
10 % when measured with the manufacturer’s specified current.

— fire hazard HEG-61051-2TFablet-group-6)
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The coating of surge suppression varistors shall have a flammability category V-0 or better
according to IEC 60695-11-10 or UL 94.

Compliance is checked according to IEC 60695-11-10 or aceordingto-G-+1-of- Annex-G UL 94.

thermal stress

For apparatus with nominal mains voltage of < 150 V, the apparatus and a test resistor
connected in series with the apparatus shall be energised from an a.c. source of 250 V.

The voltage source shall be applied for 4 h or until the circuit path through the varistor opens
for each of the test series resistance values: 2 000 ©, 500 Q, 250 100 Q, 50 Q. A separate
appératus shall be used for each resistor value, unless damage from the previous test has been

repa

At the end d

15 TERMINALS

15.1 Plugs

15.1.1 DC
socket-outle
the relevant

The attachnmient plug _shall have a current rating no lower'than 125 % of the current d
aééaratus uider normal oéeratina conditions and a voItaae ratiné aaaroériate for the rated vq

ired.

f each test, the apparatus shall comply with Clause 11.

and sockets

DR DU Plugs and appliance couplers for the connec¢tion of the apparatus to t
s and interconnection couplers for providing mains power to other apparatus shal
IEC standards for plugs and socket-outlets, appliance couplers or interconnect

he maINs and
comply with
on couplers.
rawn by the
Itage for the
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apparatus. When the apparatus is capable of being adapted for use on two or more different supply
voltages by means of an input selector, the attachment plug provided with the apparatus shall be rated for
the voltage for which the apparatus is intended to be connected when it is shipped from the factory.

The attachment plug cap shall be a polarized type when the apparatus is provided with a manually
operated, line connected, single-pole switch for apparatus on-off operation; an Edison-base lampholder;
or a 15- or 20-ampere socket-outlet.

The identified grounded circuit conductor (neutral) shall be connected to the screw shell of the lampholder
and/or to the wide blade of a socket outlet. A manually operated. mains connected, single-pole on-off

switch shall not be connected to the identified grounded circuit conductor.

NOTE 1 In Al
conditions are

NOTE 2 In Sq
with a rewirablg

MAINS socke
connection ¢

MAINS socke
connection
reliably conr

For cLass | af
the same ap

NOTE 3 Soch
60906-1:2009,

For apparatyis with socket-outlets providing mains power to other apparatus, measures shal

ensure that
overloaded,

NOTE 4 For 1

Conductors
via a MAINS s

stralia, Denmark, Israel, Japan, New Zealand, South Africa, Switzerland and the United Kingdom,
alid for plugs and socket-outlets.

uth Africa, where a cordset is used as the means of connection to the supply MAINS, this cordset n
plug, provided that the plug complies with the national regulations.

-outlets and interconnection couplers mounted on cuass 11 apparatus shall
f other cLass 11 apparatus.

-outlets and interconnection couplers mounted“on cLass | apparatus shall
bf cLass 11 apparatus only or shall be provided\with protective earthing contac
ected to the PROTECTIVE EARTHING TERMINAL Or gcontact of the apparatus.

pparatus, provision for both kinds of sogket-outlets and interconnection couplers i
paratus.

et-outlets allowing only the connection of CLASS Il apparatus can be designed, for instance,
btandard sheets 3-1 or 3-2, or accérding to IEC 60320-2-2:1998, standard sheets D or H.
plugs or appliangevinlets for the connection of the apparatus to the main
if the rated current/of the plug or appliance connector is less than 16 A.

harking of theysacket-outlets, see 5.3 c).

bf internal wiring of socket-outlets providing mains power to other apparatus eith

ENOOQA
PpUJUUV

special national

ay be provided

only permit

either allow
s which are

s allowed on

similar to IEC

be taken to

5 cannot be

er directly or

d in 16.2 for external f

based upon

Compliance is checked according to the relevant standards, by inspection and according to 16.2.
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15.1.2 DU Connectors other than for connecting mains power shall be so designed that the plug or socket
has such a shape that connection to a mains socket outlet, appliance coupler or mains connector is unlikely
to occur.

This requirement does not apply to connectors forming part of a non-detachable cord which are not
CONDUCTIVELY CONNECTED TO THE MAINS, unless AccessiBLE conductive parts become Hazarpous LIvE during or
after insertion of the connector into the mains socket-outlet.

NOTE Examples of connectors meeting this requirement are those constructed accordlng to IEC 60130-2, IEC 60130-9, IEC
60169-2 or IEC 60169-3, when used as prescribed. An—exa e—of-a—eoenn jlomii men he—so-ca

“barana’s :

Sockets for pudio and video circuits of Loap Transbucers indicated with the symbol of 5.3-b) shall be so
designed, that a plug for antenna and earth, for audio and video circuits of Loab TRANSBUCER$ and souRcE
TRANSDUCERS pnd for data and similar circuits which are not indicated with the symbol(f;5.3 i§), cannot be
inserted into| them.

Compliance|is checked by inspection.

15.1.3 TeRrmINALS and connectors used in output circuits of suppLY APPARATUS, Whose output voltage is not a
standard nominal maiNs voltage according to IEC 60038:2009, Table l~shall not be compatible with those
specified forl household and similar general purposes, for example those described in IEC| 60083, IEC
60320, IEC 60884, IEC 60906.

Compliancelis checked by inspection and by manual tests:

The TermiNAY or connector shall be designed for thexleading which may appear under nornjal operating
conditions apd during intended use.

Compliance|is checked according to the IEC.60320 series as far as safety is concerned, for Instance with
regard to shpck hazard and heating.

15.1.3.1 DR An aupio_awvpLIFIER_having*an _open-circuit audio output voltage not limited to 120 V that is
permanently] connected to the mains shall be provided with a means for connection complying with
u21.1.1 — i indi i i
TERMINALS, Of Ieads When wire=binding screws are Drowded the screws shall comply with the flequirements
in U.21.3.1 + U.21.3.5.

When quick{connect terminaLs are provided. the TerminaLs shall comply with the following requirements:

a) Male talps shall be firmly mounted in place.

b) Mating female connectors shall be provided with the apparatus.

c) Strain relief that complies with 16.5, and associated installation instructions, shall be provided to
prevent stress being transmitted to the TerminaLs when a disconnected TERmINAL can contact a HAZARDOUS LIVE
part or an accessible dead metal part.

d) The installation instructions shall include information for assembly of a TermiNAL to a conductor. and
the utilization of strain relief as follows:

1) the tool designation, if a tool is to be used during the assembly,


https://ulnorm.com/api/?name=UL 60065 2020.pdf

SEPTEMBER 30, 2015

UL 60065

141

2

instruction for the

together before assembly,

3

the size and type of wire (solid or stranded). and

reparation of conductors. such as twisting strands of conductors

4) identification of the strain relief means and instruction for its use if required by c) above,

and

e) The quick connect TERMINALS Shall be a

ropriate for the use with the size and t

of wire specified.

15.1.3.2 DR An aubio awvpLIFIER having an open-circuit audio output voltage not limited to 1
the mains by means of a flexible cord shall be provided with one of the following:

connected t

e (solid or stranded

20 V that is

a) A lenath

of permanently attached Type SPT-2. NISPT-2. SV, SJ flexible cord or'the eq

ivalent, and

an appliance coupler. The cord shall be provided with strain relief and a bushihg comply

requirement

b) An open

b in 16.3 — 16.5, or

ing that permits the field installation of a flexible cord and wire-binding screws,

ing with the

uick connect

TERMINALS OI

eads as described in 15.1.3.1. Such an opening shall be previded with an insuld

ting bushing

as described

c) A recepf

15.2 DR Pi

ACCESSIBLE C(Q
a single inst
reliably conr

Solder alon¢ shall not serve as the sole means to provide mechanical securement of tf

conductor.

The protecti
servicing, ot
not serve ag

Protective eqrthing cireuits shall not contain switches or fuses.

The earthind

in 16.5, or
acle for plug-in connections.
ovisions for protective earthing
nductive parts of cLass 1 apparatus, which'might assume a hazardous voltage in

lation fault in Basic INsuLATION, and the protective earthing contacts of socket-ou
ected to a PROTECTIVE EARTHING TERMINAL'Within the apparatus.

ve conductor termination shall be made such that it is not likely to be loog

a means to fix-any other component.

conduetor in a supply cord. or in an interconnecting cable shall have an equiva

the event of
lets shall be

e protective

ened during

ner than servicing.of-the conductor itself. The protective earthing conductor ternpination shall

ent or larger

cross-sectio

halarea than the current-carrying conductors in the supply cord or cable.

Protective earthing conductors may be bare or insulated. If insulated, the insulation shall be green or
green/yellow except in the following two cases:

a)

b)

for earthing braids, the insulation shall be either green or green/yellow or transparent;

for internal protective conductors in assemblies such as ribbon cables, busbars, flexible printed wiring,

etc., any colour may be used provided that no misinterpretation of the use of the conductor is likely to

arise.

Wires identified by the colour green or combination green/yellow shall be used only for protective earthing

connections.
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For PERMANENTLY CONNECTED APPARATUS and for apparatus provided with a non-detachable flexible cord or
cable, a separate PROTECTIVE EARTHING TERMINAL Shall be used, located adjacent to the maiNs TERMINALS, and
shall comply with the requirements of 15.3.

If parts removable By HaND have a protective earthing connection, this connection shall be made before the
current-carrying connections are established when placing the part in position, and the current-carrying
connections shall be separated before the protective earthing connection is interrupted when removing the
part.

Conductive parts in contact with protective earthing connections shall not be subject to significant

corrosion due to electrochemical action. Combinations above the line in Annex F shall be avoided.

The pProTECTI
NOTE 1 Corn

Compliance
F.

The resistan
be connecte

Compliance

The test sha

NOTE 2 In C4
The voltage
shall be mea
of the prote
measureme

15.3 TerminALs for external flexible cords and for permanent connection to the mains su

15.3.1 PERMA
means of sc
to IEC 6099

Compliance

VE EARTHING TERMINAL Shall be resistant to significant corrosion.
sion resistance can be achieved by a suitable plating or coating process.

is checked by inspection and by reference to the table of electro-chémical potent
ce of the connection between the PROTECTIVE EARTHING TERMINAL OF contact, and part
d thereto, shall not exceed 0,1 Q.

is checked by the following test:

nada, a 30 A test current is used.

drop between the PROTECTIVE EARFHING TERMINAL OF contact and the part to be conné
sured and the resistance is calctlated from the current and this voltage drop. TH
ctive earthing conductor of the power supply cord shall not be included in th
us

NENTLY CONNEECTED' APPARATUS shall be provided with TErRmINALS in which connectior]
rews, nuts-or-equally effective devices, for example screwless type clamping un
B-2-2 or TERMINALS according to IEC 60999-1 and IEC 60999-2.

is ‘€hecked by inspection.

fals in Annex

s required to

Il be carried out for 1 min with a test current-0f'25 A a.c. or d.c. The test voltage shall not
exceed 12 \.

bcted thereto
e resistance
e resistance

pply

is made by
ts according

For inlet openings, reference is made to IEC 60335-1.
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15.3.2 For apparatus with non-detachable mains supply cords, the connection of the individual conductors
to the internal wiring of the apparatus shall be accomplished by any means that will provide a reliable
electrical and mechanical connection, except that the supply conductors and the protective earthing
conductor of a non-detachable mains cord or cable shall not be soldered directly to the conductors of a
PRINTED BOARD.

Soldered, crimped and similar connections may be used for the connection of external conductors. For
soldered or crimped connections, barriers shall be provided so that cLEARANCES and CREEPAGE DISTANCES
cannot be reduced to less than the values specified in Clause 13 and Annex J respectively, should the
conductor break away at a soldered joint or slip out of a crimped connection. Alternatively, the conductors
shall be positioned or fixed in such a way that reliance is not placed upon the connection alone to maintain
the conductors in position.

Compliance direction to

the connecti

is checked by inspection, and, in case of doubt, by applying a pull of 5 N_h |anj
on.

15.3.3 Scre
ISO 261 or |
any other cg
they are unli

vs and nuts which clamp external mains supply conductors shall havea thread ¢
SO 262, or a thread comparable in pitch and mechanical strength:They shall ng
mponent, except that they may also clamp internal conductors if these are so 3
kely to be displaced when fitting the mains supply conductors.

pnforming to
t serve to fix
rranged that

Terminationy MINALS for the

supply of ma

of a component (for example a switch) built into the apparatus and used as Ter
Ns power to the apparatus shall comply with the requirements of 15.3.1.

Compliance|is checked by inspection.

15.3.4 For the purpose of applying the requirements<for mains supply cords:

it is assu

med that two independent fixings willkhot become loose at the same time;

conductg
place near t
in general, d
position, pro

conductg
fixed unless

rs connected by soldering are not considered to be adequately fixed unless the
b the termination, independently of the solder. However “hooking-in” before the
onsidered to be a suitable ' means for maintaining the conductors of a maiNs SU
vided that the hole through which the conductor is passed is not unduly large; g

rs connected to-TERMINALS Or terminations by other means are not considered to b
an additional. fixing is provided near to the TermiNAL Or termination; this addition

clamp both the insulation:and the conductor.

15.3.5 DR
cross-sectio

rERMINALS for external flexible cords shall allow the connection of conductors ha
halhareas as shown in Table 15.

y are held in
soldering is,
pply cord in
nd

b adequately
bl fixing may

ving nominal

For rated currents exceeding 46 13 A, reference is made to {EG-60950-1:2005,TFable-3D Article 310 of
the National Electrical Code. ANSI/NFPA 70.

Compliance is checked by inspection, by measurement and by fitting cords of the smallest and largest
cross-sectional areas of the appropriate range shown in Table 15.
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Table 15 DR — Nominal cross-sectional area to be accepted by TERMINALS

RATED CURRENT CONSUMPTION of the apparatus 2 Neminal-eross-sectional-area
A mm? AWG
Up to and including 3 2 & 0;50-0:75 20
Over 6 2 up to and including 10 & +o+5 18
Over 10 up to and including +6 13 2 +5+te25 16

2 The RATED CURRENT CONSUMPTION includes currents which can be drawn from socket-outlets providing MAINS

power for other apparatus.

B MAINS plug is provided with a 2 A fuse and the apparatus is not provided with a socket outlet.

15.3.6 TERMI

Stud TERMINA

NALs according to 15.3.3 shall have minimum sizes as shown in Table 16.

s shall be provided with washers.

For rated cufrents over 16 A, reference is made to IEC 60950-1, Amendment(2;2013, Table|3E.
Compliance|is checked by measurement and inspection.
Table 16 — Minimum nominal thread, diameter
RATED CURRENT CONSUMPTION of Minimum ‘nominal thread diameter
the apparatus 2 mm
A Pillar type or stud type Screw type

Up to and including 10 3 3,5

Over 10 up [to and including 16 3,5 4

2 The RATHD CURRENT CONSUMPTION includes cutrefats which can be drawn from socket-outlets providing [MAINS

power for ofher apparatus.

15.3.7 TERMI
sufficient contact pressure and without\damage to the conductor.

NALs shall be so designed-that they clamp the conductor between metal s

TERMINALS Shall be so designed erilocated that the conductor cannot slip out when the clampi
nuts are tightened.

TeErRMINALS shall be so fixed\that, when the means of clamping the conductor is tightened or Ig

the TERMI

WAL itself-does not work loose;

internal wiring is not subjected to stress; and

Lrfaces with

Ng SCrews or

osened,

CLEARANCES and CREEPAGE DISTANCES are not reduced below the values specified in Clause 13 and Annex

Compliance is checked by inspection and measurement.
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15.3.8 TERMINALS in circuits carrying a current exceeding 0,2 A under normal operating conditions shall be
so designed that contact pressure is not transmitted through insulating material other than ceramic, unless
there is sufficient resiliency in the metallic parts to compensate for any possible shrinkage of the insulating

material.

Compliance

is checked by inspection.

15.3.9 For non-detachable wmains supply cords, each TermiNAL shall be located in proximity to its
corresponding TermINALs Of different potential and to the PROTECTIVE EARTHING TERMINAL, if any.

Compliance

is checked by inspection.

TeRMINALS shalll be so located, guarded or insulated that, should a strand of a flexible condlictor escape

when the co

conducti
conductive ¢

Compliance
the escape

An 8 mm len
nominal crod
shall be fully

Without teal
making shar

If the condu
is connecte
conductive

If the condu

ACCESSIBLE

hductor is fitted, there is no risk of accidental contact between such a strand|an
conductive parts or conductive parts connected to them; and

e parts not connected to the PROTECTIVE EARTHING TERMINAL and-separated fro
arts by sUPPLEMENTARY INSULATION OnNly.

bf strands, by the following test.

gth of insulation shall be removed from the end.of a flexible conductor having the
bs-sectional area. One wire of the stranded cehductor shall be left free and thg

inserted into, and clamped in the TERMINAL.

ing the insulation back, the free wiresshall be bent in every possible direction
o bends round a guard.

Ctor is HAZARDOUS LIVE, the free wife shall not touch any conductive part which is
) to an AccessiBLE conductive: part or, in the case of apparatus with pousLE IN.
art which is separated from AccessiBLe conductive parts by SUPPLEMENTARY INSULAT

Ctor is connected tovan earthing TerminAL, the free wire shall not touch any HazaRrD

d:

N ACCESSIBLE

is checked by inspection and, unless a special cord is prépared in such a way as to prevent

b appropriate
> other wires

but without

ACCESSIBLE OfF
SULATION, any
on only.

ous LIVE part.
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15.4 DC Devices forming a part of the mains plug

Component power supply adapters and their blades complying with the construction and test
requirements of UL 1310. UL 60950-1 or UL 62368-1 are considered to fulfill the construction and test
requirements of 15.4.1 — 15.4.3.

15.4.1 A device provided with pins intended to be introduced into fixed socket-outlets shall not impose
undue strain on these socket-outlets.

Compliance is checked by engaging the device, as during intended use, with the socket-outlet of a test
apparatus as shown in Figure 11. The balancing arm of the test apparatus pivots about a horizontal axis
through the centre lines of the contact tubes of the socket-outlet at a distance of 8 mm behind the

engagemen

With the de
socket-outle

After the di
engagemen
torque shall

NOTE 1 This
NOTE 2 The
of MAINS plugg

and requiremer

15.4.2 The
The overall

Compliance

face of the socket-outlet.

vice not in engagement, the balancing arm is in equilibrium, the engdagemen
F being in the vertical position.

bvice has been engaged, the torque to be applied to the sogket-outlet to
face in the vertical plane is determined by the position of a weight on the balanc
not exceed 0,25 Nm.

est is compatible with the test described in IEC 60884-1.

lesting device shown in Figure 11 is intended for the testingof devices forming a part of the MAINS
are given in IEC 60083. For devices forming a part of the MAINS plug with other dimensions, other

ts can be necessary.

haiNs plug part of the device shall comply: with the standards for the dimensions o
thape of the device shall be such, that it cannot be mistaken as a standard maiN

is checked by measurement jn‘accordance with the relevant standard.

NOTE The difnensions of some types of MAINS plugs are given in IEC 60083. For any particular plug, check thg

of any relevant

15.4.2.1 D\

national standard.

The construction/of the mains plug blade assembly shall comply with the cong

face of the

maintain its

ing arm. The

plug. Examples

testing devices

MAINS plugs.
5 plug.

current edition

btruction_and

test requiren

Direct plug-

nents for input connections of direct plug-in units as specified in UL 1310.

n_units”designed for use by travelers shall comply with the additional req

irements as

specified in

UL 1390.

Compliance lis—¢

ard.

15.4.3 The device shall have adequate mechanical strength.

Compliance

is checked by inspection and by the following tests:

a) The device shall be subjected to a drop test.

A sample of the complete device shall be subjected to three impacts that result from being
dropped 1 m on to a horizontal surface in positions likely to produce the most adverse results.
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The horizontal surface shall consist of hardwood of at least 13 mm thick, mounted on two layers
of plywood each 19 mm to 20 mm thick, all supported on a concrete or equivalent non-resilient
floor.

After the test, the specimen shall comply with the requirements of this standard, but it need not
be operational.

Small pieces may be broken off, provided that the protection against electric shock is not
affected.

Distortion of pins and damage to the finish and small dents which do not reduce the cLEARANCES
Or CREEPAGE DISTANCES below the values specified in Clause 13, are neglected.

b) The pin
in the oppos

NOTE

c) A pull fo
of the longit

The
devi

Afte
bee

5 shall not turn when a torque of 0,4 Nm is applied, first in one direction for |11
ite direction for 1 min.

yce as given in Table 17 is applied, without jerks, for 1 min on.each pin in turn, in
idinal axis of the pin.

This test is not carried out if rotation of the pins does not impair safety in the serse-of this stand

pull force is applied within a heating cabinet at a temperature of (70 + 2) °C, 1
ce has been placed in the heating cabinet.

I the test, the device is allowed to cool down tosambient temperature and no pin
1 displaced in the body of the device by more than 1 mm.

Table 17 — Pull force on pins

nin and then

ard.

the direction

h after the

shall have

Rating of the equivalent plug type Number of poles Pull force
N
Up to and in¢luding 10 A 2 4(
130/2p0 V 3 5
Over 10 A up to and including 16 A 2 5(
130/2‘[30 \ 3 54
Over 10 A uﬁ; to and including 16 A 3 54
440 More than 3 7(
For the purgose of this-test, protective earthing contacts, irrespective of their number, are cpnsidered as
one pole.

Tests b) an

n/) are made enparafaly’ ecach with new enmplne
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16 External flexible cords

16.1 DC DR wmains supply flexible cords shall be ef-the-sheathed a type and complying with the-foltowing

as-appropriate: UL 817. be marked VW-1 and have an ampacity not less than the current drawn by the
apparatus. The specific types of flexible cords are to be as indicated in Table 17A.

A hy tnctina aane eonphfloxviblo-cordein-—aceordanecs—withl=0-A0N227 I jalTaloV, I~
GOy 1CoUurig mAINS SUPPTY TTCATOUTC T CUTGS TITaCCurdariCC—will T 1i=5_0O 7 [ = v oy (v

Comnplianealic rhopka
urmionarict o UITCUNT
NOTE 2 In Adstralia and New Zealand special national conditions apply for external flexible cords!
Non-detachable flexible cables and cords of cLass | apparatus shall be provided with|a green or
green/yellow core connected to the PROTECTIVE EARTHING TERMINAL Of the @pparatus and, if a plug is provided,
to the protegtive earthing contact of the plug.

Compliance|is checked by inspection.

Table 17A DU — Cords for apparatus

Aggaratus type Cord type Cord length, m| ¢
Portable, tabld-top. floor standing and NISPT-2 8 SPT-2, SV, SVT, SVE. SJ 1.5 minimum
rack-mounted Jaudio and video apparatus | SJT. SJE

Household musical instruments NISPT-2 2 SPT-2, SV, SVT, SVE 3.0 maximum

SJ. SJT. SJE 7.5 maximum
Coffee table © SV, SVT. SVE, SJ. SJT. SJE 3.0 minimum
Undercabinet and PORTABLE NISPT-2 @ SPT-2 1.5 minimum

APPARATUS Mith cord stérage
compartment

Commercial amplifiersspeakers. musical |SJ. SJT. SJE 7.5 maximum
instruments and seund systems d

@ Appliance wiring material construction that has been determined to be equivalent is acceptable.

b The length of a flexible cord on an apparatus intended for a special installation is not prohibited from being less than
specified.

¢ A coffee-table type apparatus is a type that is finished on all four sides and intended for use in the center of the room.

d A system comprised of a number of different components found, for example, in a school system or language teaching
system.

Table 17A DU — Cords for apparatus Continued on Next Page
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Table 17A DU — Cords for apparatus Continued

Apparatus type | Cord type | Cord length, m ® ©
¢ A supply apparatus may be provided with an ac mains cord having a minimum length of 0.5 m provided that the total

combined length of the ac mains cord. the axial length of the supply apparatus and the output cord is at least the minimum
specified length.

16.2 DR Power supply cord conductors shall have a neminal-cross-sectionat-area wire size not less than

those shown in Table 18. An integral earthing conductor, if provided, shall have at least the same wire
size as the other conductors in the cord.

Table 18 DR - Wire sizes of external flexible cords

BATED CURRENT CONSUMPTION of Wire size
tihe apparatus 2
A American Wire Gauge (AWG) Nominal cross-sectionag area mm?
Up tq and including 2 © 20 0,52
Over 2 4p to and including 10 18 0.82
Over 10 bip to and including 12 17 1.0
Over 12 lip to and including-18 16 13
Over 13 lip to and including 18 14 2.1
Over 18 lip to and including 25 12 3.3
Over 25 up to andrincluding 30 10 53
a8 The RATED|CURRENT CONSUMPTION includes currents which can be drawn from socket-outlets providing MAINS power
for other appafatus:
b 20 AWG is dcceptable provided that the MAINS plug is provided with a 2 A fuse maximum and the apparatus is|not provided
with a socket outlet.

For higher currents, reference is made to {EC-60950-+:2005,—Table—3B Article 400 of the National
Electrical Code. ANSI/NFPA 70.

Compliance is checked by measurement.
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16.3 DU Flexible cords, not complying with 16.1, used as a connection between the apparatus and other
apparatus used in combination with it, and comprising HazarDous LIvE conductors, shall comply with a),-anrd

b) and ¢):

a) Have adequate dielectric strength.
Compliance is checked by applying the dielectric strength test using a sample of approximately
1 m length and by applying the relevant test voltage according to 10.4.2 for the grade of
insulation under consideration, as follows:

— for insulation of a conductor: by testing the individual conductor insulation;

— for suPPLEMENTARY INSULATION, for example sleeving around a group of conductors; petween a
condluctor inserted into the sleeve and metal foil wrapped tightly round the slegve fdr a length of
at lgast 100 mm.

NOTE Where a power supply cord, whose insulating properties comply with those of the*Cerd types of 16.1, is used
insidg the apparatus, either as an extension of the external power supply cord or as an,ihdependent cable, its sheath is
consiflered to be adequate SUPPLEMENTARY INSULATION.

b) Withstand bending and other mechanical stresses occurring during intended use.

Conpliance is checked by the test of 3.1 of IEC 60227-2:1997, except that Table 19 of this
standard applies.

Table 19 — Mass and pulley diameter for stress test

Overall diameter of the flexible cable or cord Mass Pulley diameter
mm kg mm
Up to and irjcluding 6 1,0 60
Over 6 up t¢ and including 12 1,5 120
Over 12 up o and including 20 2,0 180

The|carrier moves to and fro 15 000 times (30 000 movements).
The|voltage U between the conductors is the test voltage according to 10.4.

During and afterthe test, the specimen shall withstand the dielectric strength test sgecified in
10.4.

c) Be markKed\VW-1.

Flexible cords not complying with 16.1, used as connection between the apparatus and other apparatus
used in_combination with it. which exceed the open circuit voltage limit of 35 V (peak) a.c. or d.c. or

carrying a current exceeding 0.2 A, shall be rated VW-1.

16.4 Conductors of flexible cords used as a connection between the apparatus and other apparatus used
in combination with it shall have a cross-sectional area such that the temperature rise of the insulation
under normal operating conditions and under fault conditions is negligible.

Compliance is checked by inspection. In case of doubt, the temperature rises of the insulation are
determined under normal operating conditions and under fault conditions. The temperature rises shall not
exceed the values given in the appropriate columns of Table 3.
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16.5 DU The apparatus shall allow the external flexible cords, comprising one or more HAZARDOUS LIVE
conductors, to be so connected that the connecting points of the conductors are relieved from strain, that
the outer covering is protected from abrasion, and that the conductors are prevented from twisting.

Moreover, it shall not be possible to push an external cord back into the apparatus through its aperture if

this can impa

ir safety in the sense of this standard.

The method by which the relief from strain and the prevention of twisting is provided shall be clearly seen.

Makeshift methods, such as tying the cord into a knot or tying the cord with a string, are not permitted.

The devices for strain and twist relief shall either be made of insulating material, or have a fixed covering

of insulating
conductive ¢

For cLass | &
the conduct
HAZARDOUS LIV
in case the

Compliance
The test is n
The apparaf]

The conduct
that the con

material other than natural rubber, if an insulation fault of the cord may ma
arts HAZARDOUS LIVE.

pparatus, the arrangement of the TerminaLs for the mains supply flexiblécord, or
prs between the device for strain and twist relief and the TermINALS; shall be s
E conductors become taut before the conductor connected to the PROTECTIVE EARTI
ord slips out of the device for strain and twist relief.

is checked by inspection and by the following test.
hade with the type of flexible cord attached to the apparatus.
s is fitted with its flexible cord, the device for.strain and twist relief being approf

ors are introduced into the TerminaLs, and the TermiNnaL Screws, if any, are slightly
Huctors cannot easily change their positien.

After this préparation, pushing the cord further into the apparatus shall not be possible or sh

hazard in th

A markis m
to a pull of 4

Immediately|
During the 14
the cord is §

and no dam

If polymeric

b sense of this standard.

ade on the cord, under strain;>near the aperture, and the flexible cord is subject:
O N for a duration of 1 § each. The pull shall not be applied in jerks.

afterwards, the corg\is subjected for a period of 1 min to a torque of 0,25 Nm.
bst, the cord shall not be displaced by more than 2 mm, the measurement being

till under strain. The ends of the conductors shall not be noticeably displaced in
bge to the flexible cord shall be caused by the device for strain and twist relief.

€ ACCESSIBLE

he length of
uch that the
HING TERMINAL,

riately used.
fightened, so

all cause no

bd 100 times

made while

the TERMINALS

e _conducted

both before

materials are involved in the construction. the strain and twist relief test shall b
and after the stress relief test described in 12.1.6

16.6 Apertures for external flexible cords mentioned in 16.5 shall be so constructed that there is no risk
of damage to the cord during its introduction or subsequent movement.

NOTE This can be done, for example, by rounding the edges of the aperture or by using an appropriate bushing of insulating

material.

Compliance

is checked by inspection and by fitting flexible cords.
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16.7 TRANSPORTABLE APPARATUS shall have an appliance inlet according to IEC 60320-1 for connection to the
MAINS by detachable cord sets or shall have a means of stowage to protect the mains cord when not in use,

for example

Compliance

a compartment, hooks or pegs.

is checked by inspection.

17 Electrical connections and mechanical fixings

17.1 Screw TERMINALS providing electrical contact and screw fixings which during the life of the apparatus

will be loose

Screws exerting contact pressure and screws with a nominal diameter less than 3 mm which

ned and tightened several times shall have adequate strength.

form part of

the above-m

However, sc
not be screv|
screws of 3

Screw fixing
TERMINAL SCI§g

for fixing hapdles, knobs, legs, stands and the like.

Compliance
The screws
5 times |

10 times
material.

In the latter

The screws

After the tes

The materia

entioned screw fixings shall screw into a metal nut or a metal insert.

ed into metal, provided that the screw fixing withstands the torque spegified in
Imm diameter.

5 which during the life of the apparatus will be loosened andtightened several t
ws, screws for fixing covers (as far as they must be loosened 1o open the appard
is checked by the following test.

are loosened and then tightened, with a torque according to Table 20:
h the case of screws operating in a thread.of metal;

in the case of screws operating in<wood, woop-BASED MATERIAL Or in a thread

case, the screws are to be_completely removed and reinserted each time.
shall not be tightened in jerks.
t, there shall be-ro’ deterioration impairing safety in the sense of this standard.

in whichthe screws are inserted is verified by inspection.

rews having a nominal diameter less than 3 mm, which do not exert contact pre¢ssure, need

Table 20 for

mes include
1tus), screws

in insulating
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Table 20 — Torque to be applied to screws
Nominal diameter of screw Torque
Nm
mm | 1l ]

Up to and including 2,8 0,2 0,4 0,4

Over 2,8 up to and including 3,0 0,25 0,5 0,5

Over 3,0 up to and including 3,2 0,3 0,6 0,6

Over 3,2 up to and including 3,6 0,4 0,8 0,6

Over 3,6 up to and including 4,1 0,7 1,2 0,6

Over 4,1 up to and including 4,7 0,8 1,8 0,9

Over 4,7 up fo and including 5,3 0,8 2,0 1,0

Over 5,3 up fo and including 6,0 - 25 1,25
The test is made by means of a suitable test screwdriver, spanner or key, applying-a torque|as shown in
Table 20, the appropriate column being
— for metal screws without heads, if the screw, when tightened, does nat protrude from thg hole: )
— for otherlmetal screws and for nuts: /]
— for screws of insulating material:

e having a hexagonal head with the dimension across flats exceeding the overall thread

diameter, or

W
less

7
thre

for other

17.2 Means
non-metallic
and contribu

Compliance

ith a cylindrical head and a socket fora key, the socket having a dimension ac
than 0,83 times the overall thread diameter, or

ith a head having a slot or cross-slots, the length of which exceeds 1,5 times t
hd diameter: n

screws of insulating material: mn

shall be provided to ensure the correct introduction of screws into femal
material, if they-will be loosened and tightened several times during the life of t
te to safetyin the sense of this standard.

is checked by inspection and by manual test.

This require

oss flats not

e overall

threads in

ﬁe apparatus

ment is considered to be met if introduction in a slanting manner is prevented, fo

 example by

guiding the screw in the part to be fixed by a recess in the nut or a lead to the screw.
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17.3 Screws or other fixing devices intended to fix covers, legs, stands or the like, shall be captive in
order to prevent replacement during servicing by screws or other fixing devices, which might cause a
reduction of CLEARANCES Or CREEPAGE DISTANCES between AccessiBLE conductive parts or parts connected to
them and Hazarpous LIVE parts below the values given in Clause 13.

Such screws need not be captive if, when replaced by screws having the same nominal diameter, pitch
and sharpness with a length of 10 times their nominal diameter, using the torque of Table 20, the

distances ar

Compliance

e not less than those stated in Clause 13.

is checked by inspection and measurement.

17.4 Conductive parts permanently fixed together and carrying a current exceeding 0,2 A across their

interface un
Compliance
NOTE 1 Seali
NOTE 2
NOTE 3 Forr|
17.5 Electri
conditions s
than cerami
shrinkage of

Compliance

17.6 Strand

operating c(
soldering wh

is no risk of
Compliance

17.7 Cover-
mechanical

If the

ler normal operating conditions shall be secured in such a way that loosening.i
is checked by inspection and by manual test.

hg by compound or the like provides satisfactory locking only for screw connections not'subject to t
fixing consists of more than one screw or rivet, only one of them need be |acked.

vets, a non-circular shank or an appropriate notch can be a sufficient guard against rotation.

cal connections in circuits carrying a current exeeeding 0,2 A under norm

C, unless there is sufficient resiliency in the ¢metallic parts to compensate for
the insulating material.

is checked by inspection.

bd conductors of flexible supply, cords carrying a current exceeding 0,2 A u
nditions, which are connected-to screw TermINALS, shall not be consolidated
ere they are subject to contact pressure, unless the clamping means is so design
A bad contact due to coldflow of the solder.

is checked by inspection.

fixing devices, Which may be operated during the life of the apparatus, shall ha

The locked §nd unlocked positions of these devices shall not be ambiguous, and it shall no

to unlock the

b devices inadvertently.

s prevented.

brsion.

al operation

hall be so designed that contact pressure is not:ransmitted through insulating material other

any possible

nder normal
by lead-tin
ed that there

ve adequate

strength, jfsthe failure of such devices would impair safety in the sense of this standard.

be possible

Compliance is checked by inspection, by operating the device and by one of the following tests:

In the case of devices the operation of which is effected by a combination of rotary and linear

movements, the device is locked and unlocked and the torques or forces necessary for this operation are
measured. While the device is in the locked position, a torque or force of twice the value necessary to lock
the device, with a minimum of 1 Nm or 10 N is applied in the locking direction, unless it is unlocked by a
smaller torque or force in the same direction.

This operation is performed 10 times.
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The

torque or force necessary to unlock the device shall be at least 0,1 Nm or 1 N.

in the intended way.

In the case of covers fixed by means of snap fasteners, the cover is removed and replaced 10 times

After this test the cover shall still comply with the tests by means of the rigid test finger and the

test

hook described in 9.1.7 a) and b).

17.8 DU Detachable legs, or stands,_casters. brackets and similar objects supplied by the manufacturer
of the apparatus shall be delivered with the relevant fixing means_and suitable assembly instructions.

Relevant fixi

g means are not required when installation is to be done be a sKILLED PERSON.

Compliance

17.9 Interng
loosening c3

Compliance
connection.

NOTE For oth

17.10 DU

is checked by inspection.

n impair the safety in the sense of this standard.

is checked by inspection and in case of doubt by applying a pull of 2 N in any di

er internal connections, see 8.11.

Aluminum _conductors. insulated or _uninsulated, used as internal wiring,

| pluggable connections shall be so designed that unintended loosening is unlikely, if the

fection to the

such as for

interconnect

on between current carrying parts or as transformer windings. shall be tern

inated by a

method capable of being used in the combination of metals involved at the connection pointl

17.11 DU 4

a) the acce

sense of this

b) the acce

17.11.1 DU

a) the meg

A\n_accessory shall be investigated to determine that:

standard and

5sory is provided with installation instructions.

The installation ofsan” accessory by a skittep PErson shall be such that:

hanical positioning is accomplished by means of tools normally available or

soRry, and the combination of the.accessory and the apparatus shall present no hazard in the

v _means_of

special tools

provided by-the organization responsible for providing the apparatus as part of th

e installation

kit, and

b) the elec

pparatus or

the buildin

rical.connections are made by using existing TERMINALS and connections in the

18 Mechanical strength of picture tubes and protection against the effects of implosion

18.1 DU General

Picture tubes with a maximum face dimension exceeding +6 7.5 cm either shall be intrinsically protected
with respect to effects of implosion and to mechanical impact, or the enclosure of the apparatus shall
provide adequate protection against the effects of an implosion of the tube.

A protective film, attached to the faceplate of the picture tube as part of the implosion protection system,
shall be covered on all edges by the enclosure of the apparatus.
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A non-intrinsically protected picture tube shall be provided with an effective protective screen, which
cannot be removed By HaND. If a separate screen of glass is used, it shall not be in contact with the surface
of the tube.

A bulb of a picture tube having a face diameter of 7.5 cm or more shall be mounted in an enclosure. The

enclosure shall have no opening that exceeds 130 mm? unless the minor dimension of the opening is 10
mm or less.

Compliance is checked by inspection, by measurement, and by the tests of:

— 1EC-61965 UL 61965 for intrinsically protected tubes, including those having integral protective
screens;

18.2 for apparatus having non-intrinsically protected tubes.

NOTE 1 A pid
mounted, no ad

ture tube is considered to be intrinsically protected with respect to the effects of imploSion if, whe
ditional protection is necessary.

n it is correctly

NOTE 2 To fdcilitate the tests, the tube manufacturer is requested to indicate the most vulnerable area on the tubgs to be tested.

18.2 Non-intrinsically protected picture tubes

The appara
support at g
intended to

The tube is

Cracks are propagated in the envelope of each:tabe as described below.

An area on 1
place is rep
liquid from fi

After this teq
on the floor,

similar barrigr at 2 m.

19 Stability

us, with the picture tube and the protective screén)in position, is placed on
height of (75 £ 5) cm above the floor, or diregtly~on the floor if the apparatus|
be positioned on the floor.

made to implode inside the enclosure ofsthe apparatus by the following method.

patedly cooled with liquid nitrogen or the like until a fracture occurs. To preven
owing away from the test area, a dam of modelling clay or the like should be ug

t, no particles having'a mass exceeding 2 g shall have passed a 25 cm high ba
50 cm from the-projection of the front of the apparatus, and no particle shall hg

and meéchanical hazards

19.1 DU S1ability requirements

a horizontal
is obviously

he side or on the face of the tubé is scratched (see Figure 12) with a diamond siylus and this

t the cooling
ed.

wrrier, placed
ve passed a

Apparatus having a mass of 7 kg or more shall have adequate stability. In addition, the stability shall be
ensured when legs, earts-or-stands supplied or recommended by the manufacturer are fitted.

Compliance

is checked by the tests of 19.2, 19.3,_19.3.1 and 19.4.

Apparatus required whose functionality requires it to be fastened in place to meet the stability
requirements and consequently provided with the warning of 5.5.2 f) is not required to be subjected to

these tests. Apparatus expected to be installed by a user and having a screw hole or other means to
secure the apparatus, such as for securement to a table or for earth quake protection, is not considered
to be fastened in place.
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The test of 19.4 applies only to:

— Apparatus with a direct-view CRT having a diagonal dimension of 48 cm or greater, or

During the t

If polymeric

apparatus,_excluding loudspeaker systems. with a mass of-25 greater than 47 kg er-more, or

apparatus, excluding loudspeaker systems, with a mass of 25 kg or more, having a height of 1 m or
more;-of,

sts in 19.2, 19.3 and 19.4, the apparatus shall not overturn.

imaterials are involved in the construction, the applicable test described in 19.2

— 19.7 shall

be conducte
19.2 DU Test at 10° to the horizontal

The apparatf

its intended

through an 4

All doors, dr.

results in the
eart-or-standg,

keep it from

If, however,
such that, w

normally in (
on a horizon

of 10°.

NOTE The teq

d both before and after the stress relief test described in 12.1.6:

Josmon of use on a plane, /nc//ned at an angle of 100 the hor/zontal and then r
ngle of 360° about its normal vertical axis.

hwers, casters, adjustable feet and other appurtenances are arranged in any conj
b least stability. The apparatus;-er-apparatus-in-combination-with-a-supptied-or+g
. shall be blocked, if necessary, by means of a stop of the smallest dimension4
sliding or rolling.

ere it to be t/lted through ancangle of 1 O° When stand/ng ona hor/zonta/ plane a
fontact with the supporting surface would touch the horizontal plane, the appara
tal support and the combination is tilted in the most unfavourable direction throt

t on the horizontal support can be necessary, for example, for apparatus provided with small feet, ca

is placed in
btated slowly

bination that
lcommended
possible, to

part of it not
fus is placed
igh an angle

bters or the like.
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19.3 DU Vertical force test

The apparatus

non-skid surface that is at an angle not exceed/ng 1° to the horizontal W/th l/ds flaps, drawers, doors,
casters, wheels, adjustable feet and other appurtenances in the most unfavourable position.

A force of 100 N directed vertically downwards is applied in such a way as to produce the maximum
overturning moment, to any point of any horizontal surface, protrusion or recess, provided that the
distance from that point to the non-skid surface does not exceed 75 cm. The apparatus shall not overturn
during the test. If, during the test, the supporting surface prevents the apparatus from overturning, the test
shall be repeated such that the supporting surface is not used to pass the test.

19.3.1 DU A fable-top apparatus with a CRT or other type of viewing screen having a diagonal dimension
of 48 cm o greater is placed on a clean. dry. glass-covered horizontal surface such that only the
supporting feet_are in_contact with the glass. The glass-covered surface is _then)tifted lin the most
unfavourable direction through an angle of 10°.

19.4 DU Heorizontal force test

Thao anparattic Ar annpnaratiie in anmhinatinn wudth o crmnlicd Ar ronammandaoo Aot Ay ctanad | lanrad An- o
LR EL" aIJ aratpgyo Ut ap aratuo i CUITiomnmTatrortT wiltltT a ou, mCU U TCCOUTTITICTRNOUCTCU Cart Ul otaridai iaccu vlra

& v, Vv a v,

12Y) lead {f Q Iy, maagne of g cton-onf-tho-omalloct - Adimeancinnae-pnoaccibloto lkoan—itfrom—clidina—or
MIUCNKNCU, 11T UUOJuI)’, L% rmredrio ur a oty Ul UT1C orrianC o InrTTCTToivrTio lJUOOIU!U, TU NCT; T TTrYTrTToirdan ly UT
An aviarnalll: annlicd-horizantal forco-of-12 9/ Af Hha wwninht Af tho apnnaratice-or- 100N hintkhovaoar ic Incco
T UAIGIIIC(”_ Cl.'.l mocuU 1oriZormar 1oroc Ul 1oV O VUil weoeIgrit urinrre a'J’JClIC{LUG UT rTUvuv TN, wirnenpcver 10 1Coo,
i _annliad - inl o haorizontal -direntinon—io—that-naintafaltha-anpnaratre - that il racit in tha lagcet ketabhilihve—_Tha
1o ap neuia rioriZoriiar direconuriritoiriat IJUHIL O iarec a aratdo rat vwinmrTrcouit nmruarcrecasot lClUHH._y. LEEL>2
foree-shall-not-be-applied-more-than—1;5-m-above-floor-tevel.
1f tha annarbtice Ar annaratiie in - oaanmbibatinon—wuith o crnnlicd-—or rocammaoandaod-—cart Ay ctand hosramaoc
mirre a'J ar o Ur a'J aratuo 1nmr CUTTIZNIatorT vwitit a oy, neUu urToourTnricriaocuodairt Ur ol " UCUTUIrTico

ble—it-bhall NN ! 5o f ! o

H Y .

The apparat

S iS placed on a non-skid surface with lids. flaps. drawers, doors, casters. wheel

s, adjustable

feet (levelers

A force as d

5) and other appurtenances in the most unfavorable position.

bscribed inFable 20A is to be directed horizontally in such a way as to produce t

he maximum

overturning

moment to-a point on the apparatus as identified in Table 20A. The flowchart

in Figure 24

provides infq

rmation identical to that in Table 20A.
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Table 20A DU — Values for horizontal force test

Apparatus description Value of force Application of force
An apparatus with a direct view CRT A force of 20 % of the weight of the Applied at any point on the apparatus not
having a diagonal dimension of 48 cm or apparatus exceeding 1.5 m above the non-skid
greater with a mass not greater than 30 surface until the apparatus is tipped 15
ka degrees off vertical
An apparatus with a direct view CRT 60 N Applied at any point on the apparatus not
having a diagonal dimension of 48 cm or exceeding 1.5 m above the non-skid
areater with a mass greater than 30 kg surface until the apparatus is tipped 15
and not greater than 47 kg degrees off vertical
An apparatus, other than a speaker, 60 N Applied at the highest point not
having a height of 1 m or greater and a exceeding 1.5 m above the non-skid
mass of 25 kgl or greater and less than surface until the apparatus |is tipped 15
or equal to 47]kq. degrees off vertical
An apparatus.|other than a speaker, A force of 13 % of the weight of the Applied at any point*en the|apparatus not
having a masg greater than 47 kg and apparatus. exceeding 1.5 m.above the] non-skid
not greater thgn 70 kg surface until the-apparatus |is tipped 15

degrees offwertical
An apparatus.|other than a speaker, Appliedat-any point on the|apparatus not
having a masg greater than 70 kg exceeding 1.5 m above thel non-skid
surface until the apparatus |is tipped 15
degrees off vertical

(o]
(=]
Z

19.5 Test of edges and corners

Edges or cofners, except those required for proper apparatus functioning, shall be smoothed (no abrupt
discontinuity) when they could otherwise be hazardousdo the user because of location or gpplication in
the apparaty

[

Compliance|is checked by inspection.
19.6 Mechanical strength of glass
19.6.1 DU Requirements

Glass, with fhe exception of picture tubes and laminated glass, with a surface area exceedihg 0,1 m? or
with a majof dimension exceeding 450 mm, shall not be shattered in a manner likely t¢ result in a

skin-laceratipg injury.

Compliance |is checked by the test of 12.1.4-using-the-impact-hammer-onty.

During and afteb the test, glass shall:

— not break or crack; or
— not expel pieces of glass greater than 30 g in mass or greater than 50 mm in any dimension; or

— pass the fragmentation test of 19.6.2 on a separate test sample.
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19.6.2 Fragmentation test

The test sample is supported over its whole area and precautions shall be taken to ensure that particles
will not be scattered upon fragmentation. Then the test sample is shattered with a centre punch placed
approximately 15 mm in from the midpoint of one of the longer edges of the test sample. Within 5 min of
fracture, and without using any aid to vision, except spectacles if normally worn, the particles are counted
in a square of 50 mm side located approximately at the centre of the area of coarsest fracture and
excluding any area within 15 mm of any edge or hole.

The test sample shall fragment in such a way that the number of particles counted in a square of 50 mm
side shall not be less than 45. If the construction is such that the particles are kept together (no loose

particles in t

he square), the sample is considered to comply with the requirements.

NOTE A suita
and mark a spd
adjacent sides
19.7 Wall o
19.71 DU

For apparatl

If the ma
mount and t

to the equipment shall either be provided with the apparatus, or described in detail in the use

(for examplg

If the m
apparatus ig
mount to thd
shall advise
number of s

If the ap
parts withou

NOTE The teq

I ceiling or equipment rack mounting means

ble method of counting the particles is to place a square of 50 mm side of transparent material ayver
t of ink as each particle within the square is counted. To count particles at the edges of the square
bf the square and count all the particles intersected by these, and exclude all other interSécted parti

Requirements
s with wall or ceiling or equipment rack mounting means:

hufacturer specifies a specific wall or ceiling mountior equipment rack, the comb
he apparatus shall comply with 19.7.2, Test 1¢-The hardware used to fix the moy

, length of screws, diameter of the screws, ‘etc.).

hnufacturer does not specify a specific wall or ceiling mount_or_equipment r
provided with any part (for example a hook or threaded hole) which facilitates
apparatus, such part shall comply with 19.7.2, Test 2, as appropriate. The usg
on the safe use of such-parts (for example, screw size including thread size
Crews, etc.).

paratus is providedswith threaded parts for attachment of the mounting means,
the mounting /means shall additionally comply with 19.7.2, Test 3.

ts are meanttodest the fixing of the mounting means to the equipment and not to test the fixing to th

the test sample
select any two
Cles.

nation of the
nting means
r instructions

ack, but the
attaching a
er instruction
and length,

he threaded

b wall or ceiling.
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19.7.2 Test methods

If the construction involves plastic materials, the tests shall be performed after the stress relief test of
12.1.6.

Test 1

The apparatus is mounted in accordance with the manufacturer’s instructions and the mounting means
positioned, when possible, to represent the most severe stress on the supports.

A force in addition to the weight of the apparatus is applied downwards through the centre of gravity of

the apparatt

s, for 1 min. The additional force shall be:

three tim|
— the weig
whichever ig
In addition,

Test 2

The test ford
in the moun

four time
two time

Each point i
1 min. The f

Each point
parallel to it

Each point
parallel to its

Test 3

es the weight of the apparatus, or
ht of the apparatus plus 880 N,
less.

or wall mounted apparatus, a horizontal force of 50 N is applied laterally for 60

e shall be equivalent to the least of the following divided by the number of attac
ing system:

s the weight of the apparatus, or

5 the weight of the apparatus plus 880 N.

N the mounting system shall besubjected to a shear force perpendicular to its c¢
N the mounting system, one at a time, shall be subjected to an inward directe
b centre axis for 1.min.

N the mounting-system, one at a time, shall be subjected to an outward direct
b centre axissfor 1 min.

prce shall be applied in four directions, one direction at a time, separated by 90F.

3

hment points

bntre axis for

10

0 push force

ed pull force

a time. If a

A torque ac

'\nrrﬁng tocolumn 1l of Table 20 shall be qppliad to_each threaded parf’ one a

corresponding screw fastener is supplied by the manufacturer, it shall be used for the test. If no
corresponding screw fastener is supplied by the manufacturer, even though a screw type may be
recommended in the user instructions, any screw with the same diameter shall be used for the test.
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19.7.3 Compliance

Compliance is checked by inspection and by the tests of 19.7.2, as applicable. The apparatus, its
associated mounting means or the threaded parts shall not become dislodged and shall remain
mechanically intact and secure during the test.

20 Resistance to fire

20.1 Requirements

The apparatus shall be so designed that the start and spread of fire is prevented as far as possible, and
shall not give rise to danger of fire to the surroundings of the apparatus.

This is achid

by using
of POTENTIAL |
— by using
IGNITION SOUR
— by using
The requirel
and 20.3.

NOTE In Aus|
philosophy of tf
consequential t

ved as follows:

good engineering practice in design and production of the apparatus to/prevent 1
GNITION SOURCES; and

materials of low flammability for internal parts within the specified distances
Es (see Table 21); and

FIRE ENCLOSURES and/or barriers to limit the spread of fite.
nents are considered to be fulfilled if the apparatts complies with the requiren
ralia and New Zealand, special national conditions ‘apply which include tests based on reconc

e |[EC 60695 series with respect to glow-wire t&sting, needle-flame testing, consequential testing g
bsting.

he formation

of POTENTIAL

ents of 20.2

liation with the
nd end-product

20.2 Electrical components and mechanical parts

20.2.1 DU General

Electrical components and mec¢hanical parts, with the exception of those in aj-and b), shalllcomply with
the requirements of 20.2.2,,20.2.3, 20.2.4 and 20.2.5.

a) Compadante that arairantainadin—an—aneclacrre bhavina—a—flammabilibz atacarn/—af\/-0O anonrdina—ta
G.) UUIIIPUI TS tUiaLarg ouiritanmicu 11 ailt ©rioioosurTc IICI.VIIIH [=} IIG.IIIIIIG.LIIIILy uatcyuly Ul vVTyU Cl.\./\J\JI\Jllly o
1IEC A0A0LE 4110 ad-havina-oapnaninac—onhvfar-tha - connactinawiracfillina—tha-ananinace—ecamnlatahr—and
N OUO0VJIV T o armu IIClVIIIu U'JUIIIIIHO Ullly o uic UUIIIIU\JI.IIIH wWIirco IIIIIIIU arc UFGIIIIIyD Ul I'JIULUI‘Y, anrnuu
: ot " widt ‘| N

b) The folld \Alihg parts, which-would contribute. nngligihln fuel to g fire:

small mechanical parts, such as mounting parts, gears, cams, belts and bearings, if the

mass of the non-metallic material of each part does not exceed 4 g, excluding metal, glass and

ceral

mic; and

— parts such as projection TV lenses, loudspeaker parts. external accessories, and fibrous
materials less than 0.25 mm thick; and

small electrical components, such as:

integrated circuits, transistors, optocoupler packages;
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e capacitors with a volume not exceeding 1 750 mm3,

provided these components are mounted on material of flammability category V-1 or better

acco
NOTE 1 Conn

NOTE 2

rding to {E€-66695-+1-16 UL 94.

ectors are regarded as electrical components.

to each other can be important to determine the possible effect of propagating fire from one part to another.

20.2.2 Elect

rical components

In considering how to minimise propagation of fire and what “small parts” are, the cumulative effect of small parts adjacent

Electrical co
Where theré|
Compliance

20.2.3 DC

Sleeving, ex
under follow

a) wiring w

mponents shall comply with the relevant flammability requirement of Clause 14,

are no applicable flammability requirements in Clause 14, the requireménts of !
is checked by appropriate tests of Clause 14 or 20.2.5
nternal wiring

ruded tubing and insulation on wiring shall ret-eontribute-to-the-spread-of-fire be
ng conditions:

orking-at-voltages-exceeding-4-kV{peak)a-c—ore:e: located in a circuit that is

POTENTIAL IGNI'ION SOURCE, Or

wiith tha Ayt ot

vin

P0.2.5 apply.

rated VW-1

considered a

P\/C TEE
rvo

b) wiring 14
PTFE, FEP
wiring locate

o P =T PN Ty Hoan ~Af ina
aviT FIREENCLOSURE Wit tHCT CATT P TOTT U Trsurat

G
or-neoprene; not located in a circuit that is a POTENTIAL IGNITIO
d in a circuit that is a POTENTIAL IGNITION SOURCE.

Z

LT

lcontact with

H2Y

N
]

o) A EbA Ay
C) LAALRLELS BN

24 -with-the

NOFE—Referef

Q

o+
HL

Tape in coniact with parts of circuits that are poTenTIAL IGNITION sources shall be flame retardant.

Compliance

is checked, by the-tests-of-Clatse-G-2 inspection.
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20.2.4 DC PRINTED BOARDS

Base material of priNTED BoArRDs, on which the avaiLaBLE power at a connection exceeds 15 W or_the

operating ata voltage exceeding exceeds 50 V trp—te—and—'rﬁehtdmg%e—v (peak) a.c. or d.c. under normal
operatlng conditions, shaII be of flammablllty category V-1 better accordlng to +EG—69695-—1+—1—9—ef

Base material of PRINTED BoARDS, on which the avaiLaBLe Power at a connection exceeds 15 W operating at
a voltage exceeding 400 V (peak) a.c. or d.c. under normal operating conditions, and base material of
PRINTED BOARDS supporting spark gaps which provide protection against overvoltages, shall be of

flammability [category V-0 according to +E&69695—4+4—9—e1%¢M—9—aeeefdrﬁg—te—l-SG—977~C,—un+ess—the

nnnnnnnn niginad in maial anelochr v anan aoanly onn
PRINTED-BOARgS-@re-contateatrametarenc Uou , | vT | OpCTt H | oriry

openings-comptetely UL 94.

Compliance|is checked for the smallest thickness of PRINTED BoARD uSed, in accordarce with efther:UL 796.

20.2.5 DC pU Components and parts not covered.by 20.2.2, 20.2.3 and 20.2.4
Subclause 20.2.5 does not apply to FIRE ENCLOSURES.

Component power supplies complying with the construction requirements of UL 1310, UL 60P50-1, or UL
62368-1 are|considered to fulfill the flandmability requirements of this sub-clause.

FHxMMABL
H
t

m-Hhic o
muinre™S
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Table 21 DU — Flammability categories.for.components and parts

Application Flammability category 2@

peak

Internal barriets for apparatus with voltages exceeding 4 kV

V2, V-1, V-0, VTM-2, VTM-1, VTM-0

Polymeric or f
a potential ign|

ber parts in contact with a component loeated in | V-2, V-1, V-0. HF-2, HF-1, HF-0. VTM-2. VTM-1

VTM-0

tion source circuit

capable of prg

Sound-deadern)ing material in contact with speaker connections

V-2, V-1, V-0, HF-2, HF-1, HF-0

ducing greater than 240 W audio power

Grille covering

material, cloth, and réticulated foam Tablet °

Transportable

SPECIAL BATTERY pack exterior case V-1, V-0

Polymeric and
those specifieq

fiber materials used in applications other than HB. V-2, V-1, V-0, HBF, HF-2, HF-1, HF-0. VTM

2. VTM-1

| above VTM-0

2 Does not ap

ply°te the internal insulating systems of components. except for inductors and windings. See 14.4.3.

of the tablet.

b The part is to be supported so that its thinnest outside solid surface is in a horizontal position. A tablet comprised of
hexamethylene-tetramine (CzH4oN4) having a burning time of at least 100 s, is to be
The tablet is then to be ignited with a match applied to the top of the tablet. The tablet is to be permitted to burn until it is
completely consumed or until it burns through the part and falls to the surface below. The test is concluded when the part
ceases to flame or glow. When all burning and glowing ceases. the part shall not have burned further than 5 cm from the center

laced on the thinnest section of the part.
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20.3 FIRE ENCLOSURE

20.3.1 DU

PoTENTIALtanTiON-SeureEs Each of the following shall be contained in a FIRE ENCLOSURE:

circuits

inductorg

—__apparatu
conditions, 4

The FIRE ENC

nd their associated components where the avaiLaBLE Power exceeds 15 W

and windings CONDUCTIVELY CONNECTED TO THE MAINS, and

s with open-circuit voltages exceeding 4 kV (peak) a.c. or d.¢.)under norm
Pt ned i hict

osure shall comply with the flammability category ¥-+-ertetter in Table 22 accq
} UL 94 or UL 746C as specified.

al operating

rding to tEC

Compliance
G+ UL 94 d

is checkedfor the smallest thickness used in accordance with £6-60695-11-
r UL 746C:
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Table 22 DU - Flammability categories for FIRE ENCLOSURES
Enclosure material/application Flammability
cateqory
Wood and metal None
Polymeric:
a) apparatus using high voltage components @
MAJOR ENCLOSURE PART V-0
Parts other than MAJOR ENCLOSURE PARTS V-1 or V-0
b) commercial audio STATIONARY APPARATUS and PERMANENTLY 5VA
CONNECTED APPARATUS
c) other than apparatus itemized in a) and b) above a V-2, V-1 or V-0
Hhrdboard back cover — apparatus using high voltage components V-1 or 746 SVQ_
2 A MAJOR ENCLOSURE PART that is not fabricated at the apparatus manufacturing location-shall'lie
identified according to the requirements in UL 746D.
20.3.2 DU|Internal Fire encLosures shall not have openings fer—ventilationcexeeeding——mm—in—width
regardiess-ofHtength that permit accessibility to components. wiring, connectiofor PRINTED BoARD conductive

patterns wh

re the avaiLaBLE Power exceeds 15 W and to inductors and windingS CONDUCTIVELY

CONNECTED TO

THE MAINS ain

Openings+o,

Compliance|is checked by inspection and measurement and-\using the articulated finger probj

20.3.3 DU

Io-compone
O CoOmpPUnci

shall comply with the material requirements in Table 22!

e wites_shat-be-filed etel heyri&s.

or e artcide - the-intarnal nl
S U1 S-outstaetRetternarFRE I:Nul_uouru:,

f the requirements of 20.3.1 and 20.3.2 are“met by an internal FIRE ENCLOSURE H©

requirementg-apply-to the outer enclosure of the apparatus &Hd—ﬁe—PﬁSS-r\fE—FtA-MMﬁﬁtﬁY—Feq-HﬁE

mic

e, Figure 18.

have a ratin

Insulation of
ENCLOSURE.

Compliance

o

part
B

) of HB or better in accordance with*"UL 94.

internal wiring complying with 20.2.3 is considered to constitute part of an

is checked by inspection.

internal FIRe
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Supplying Circuit
circuit supplied

N
>)

0—w () . . .
/‘\ X=interruption tonbe|carried out
\
S4117 L
IEC 1539/14
NOTE See 4.§.
Figure 1 — Test circuit forfault conditions
—
T e
9 O [0}
Supply MAINS Electrically separofted ACCESSIBLE
conductive parts
» 'e) b
— v —»
SM1064A

IEC 1540/14

The diagram shows a SEPARATING TRANSFORMER T, where point a is HAZARDOUS LIVE relative to point b. If a and b are
inside the apparatus, the sum of the distances x and y is taken into account for the purpose of checking compliance with 8.6.

NOTE See 8.6.

Figure 2 — Example of an assessment of REINFORCED INSULATION
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Inside Outside

Enclosure of insulating
material

7. :8

Test finger

HazARDOUS live part

N

777.

N
N
N
N
N

( f//\ Fictitious conductive layer

Point of contarct

Point of contaft

225

Inaccesslble to test finger accessiBLe to test finger

sM970C

IEC 1541/14

Point A is used for determining accessibility (see 9.1.1.3)
Point B is used for measurements of CLEARANCES and CREEPAGE DISTANCES (see Clause 13)
NOTE See 9.1.1.3 and 13.3.1.

Figure 3 — Example of AccessiBLE parts
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SM1065 \/

IEC 1542/14

Dimensions in Imillimetres

NOTE See 9.1.7.

Figure 4 — Test hook
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Rs A B Ri c .
C 1 [}
L L T
s -
K |
r=—=———=71 : R2
[} [} [}
— | | .
—_— — 10 kV —= <V> p— o) i X i ———O
_ 1 1 1 |
| | |
| |
i Rs
[}
i L |
]
L O
D |
shifo3sa
IEC 1543/14
Ci=1nF Ry=1kQ R,=100MQ R3=0,1MQ Rg=15MQ
The switch S if acritical part of the circuit. It shall be so designed that as little as possible of the available energy|is dissipated in

arcing or inadequate insulation. An example of such a switch is given in Figure 5b.

The component X under test is connected to the terminals C and D. Optionally the voltage divider R,, Rz may be provided so that
an oscilloscope connected across R3 permits the observation of the voltage waveform across the component under test. This
voltage divider is compensated so that the observed waveform corresponds with that across the component under test.

NOTE See 10.2 and 14.2.

Figure 5a — Surge test — Test circuit
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/
R/
Switch controlled by a motor or any
+«— Other oppropriate device

| — |
Coil Plunger Coil
Rod of insulating material
E E
p/— A B ﬁa/
SM1050A
IEC 1544/14

The switch (S in Figurex5a)' comprises the following parts:
— the brass pillars A and B support circular electrodes E spaced at a distance of 15 mm;

— Kiis a brass sphere of 7 mm diameter and is supported on a rigid rod of insulating material approximately 150 mm long.
A, B and K are connected as shown in Figure 5a, K by means of a flexible wire.
Care shall be taken to avoid bouncing of sphere K.

Figure 5b — Surge test — Example of a switch to be used in the test circuit

Figure 5 — Surge test
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Metal pin having o

/ mass of 100 g

Metal Frame holding the upper pin in an upright
position and allowing it to move up and down

| The edges _of the telst pin rounded

25 . of / with a~radius of 0.5 pm
mm + 0.

P77 7 777777277

Specimen under test
@5 mm + 01

| / /I/ nsulating base

Terminals for test voltage

SM1053

IEC 1545/14

NOTE See 10.4.2.

Figure 6 — Dielectric strength test instrument
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100 000
80 000
LYl A and B
1
10 600
5 000
o A
> | B A
7 £ -1
[ // /
/%
1 006 -
50Q
100
10 50 o0 800 1 600 3 000 fo 000 80 000 100 000
OPERATING VOLTAGE
SM1044B
IEC 1546/14

NOTE See 10.4.2 and Table 5.
Figure 7 — Test voltages
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I
I\
Steel ball stort [
position :
|
! Steel ball start
: \ position
N N\g | Y
|
| Steel ball impact \"8 : \\
h ! position @ | \
| o | \
| £ : \ -
P g ! \ - ,
N/ \ -
| -~ -
NaN .
kel ~
Test \’En Test S\ Steel hall impact
sample \‘I sample position

/ Rﬁid supporting surface /
7/ VA AV AV AV A ave

7

Rigid supporting surfgce
i QRIS X

IEC 1547/14

NOTE See 14.1.4.

Figure 8 — Impact test using a steel ball
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Zh
ga
b
k > 2cC
k]
] K N /) S
o |
o |
Yy '
7, | /
1
i Material: steel (haktened)
7N 1\
o |
- i
| Hole diometer 1.5 mm
| / -
t
v i
SM1056
IEC 1548/14
Dimensions in Imillimetres
h c d e f q h Ji k
min. min. min. min.
0 0 0,3
9,576 -0, 1 8,05 2,438 -0,1 9,1 7,112 0,8+0,4 40+ 0,4 12+0,4 43+0,4 radii

The mating section of the test plug is in accordance with IEC 60169-2, Figure 7.

NOTE See 12.5.

Figure 9 — Test plug for mechanical tests on antenna coaxial sockets
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4
3 /
L
2 /
] é
£
RE r/
5 _ e
a- //
ey y
=g 1 L
38 o9 A
oz 0.8 pd
£ o7
£a
T 0.6 7
=5 s o
. / —
0.4 /,/
0.3 %
e
’/
//
0.2
0.1
10 20 30 40 S50 60 80 100 200 300 400 500600 800 1 PO 2 000
sMiod7e Peak, OPERATING VOLTAGE, In V

IEC 1549/14

The curve is dgfined by the farmula:

log d = 0,78 log (U/300)

with a minimuntef0;2-mm

where

d is the distance;

U is the peak voltage (V).
NOTE See 13.5.1.

Figure 10 — Minimum cLEARANCES and CREEPAGE DISTANCES ON PRINTED BOARDS
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Socket-outlet

Specimgn

Balancing arm

Weight

C )

- -—

SM1055B

IEC 1550/14

NOTE See 15.4.1.

Figure 11 — Test apparatus for devices forming a part of the mas plug
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20

20

L

sM1040

NOTE See 14.2.

NOTE

13 mm or
20

S4466,

Dimensions in

Figure 12 — Scratch patterns for implosion test

50
mm

POTENTIAL
IGNITION
SOURCE

Barrier

POTENTIAL
X IGNITION
Barrier SOURCE

IEC 1551/14

Imillimetres

In the shaded areas, the requirements of 20.2.5 but not covered by Table 21, apply.

NOTE See 20.2.5.

IEC 1552/14

Figure 13 — Distances from a poTENTIAL IGNITION sOURCE and an example for the design of barriers
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Dimensions in millimeters

(3x)R05 £ 0,1

A
~—Tip

L 50 + 05 J

Each side
Side view
Material: corrosion-resistant metal
R0,5 1 0,02
2 10,1
60" t 5
S49338 Detail A - Tip

IEC 1553/14

Figure 14 — Mandrel

Fixing system

@ -

Tip

Insulating material

S4934

IEC 1554/14

Figure 15 — Initial position of mandrel
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Metal foil

150 N £ 10 N

The final position of the mandrel is rotated
230" + 5 from the initial position

S49358

IEC 1555/14

Figure 16 — Final positionyof mandrel

Dimensions in millimeters

Insulating material
Metal foil

S4936A

IEC 1556/14

NOTE 1 Figure 17 is slightly modified compared to Figure 6¢ of IEC 61558-1:2005.
Figures 15 and 16 are slightly modified compared to Figure 6b from IEC 61558-1:2005.
NOTE 2  See 8.21.

Figure 17 — Position of metal foil on insulating material
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35— APPROX: i
RADlus\m 30° 50
5.8 N
S | '
f ‘ o I
05 !
sy []] |
h 05
1 ['IL "l _‘@S‘ 11 60
A L
L - ' 90
L] 199 9 0§
i I |
T]_f T 100
.osj —\ )
1 136
Y =15 154
D34
751 — N !
05 \
:{f \\.4. _____
T 50 1
|
: 215
|
| ' 254
NS N ———|
78
N —_ ALL DIMENSIONS IN MILLIMETERS
1 - 25
! 1 RADIUS
{ t + t ]
\ \ \ / ! /-_Azs
— Ne-- 1= do RADIUS
PA100A

NOTE See 9.1.1.3.

Figure 18 DU — Articulated finger probe
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CAUTION

RISK OF ELECTRIC SHOCK

DO NOT OPEN

SB1977A
NOTE See 5.2.
Figure 19 DU — Shock hazard marking and associated graphical symbols
NOTE _See 5.2.

Figure 20 DU — Shock hazard graphical symbol
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NOTE See 5.5.

S3125A

Figure 21 DU — Portable.cart warnin
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N

Q@ NjloO u

-

8

SPACINGS — MILLIMETERS

8883328 &

200

400

2 3 4 5 6 7 8910 20 30 40 50 60 70 8090100

S3699 PEAK KILOVOLTS (V1)

Refer to text and Notes for Figure 22 on following page.

Figure 22 DU — High voltage spacings
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Notes for Figure 22:

Ml — Measured as described in 14.5.2.

Curve 1 — Clearance spacings.

Curve 2 — Creepage spacings — insulating materials having an arc-tracking Performance Level Category (PLC) of 0. 1. 2. 3. or 4.
Curve 3 — Creepage spacings — insulating materials having an arc-tracking PLC of 5.

Curve 4 — Creepage spacings — insulating materials having an arc-tracking PLC of 6 or 7.

NOTE 1 Use Yoltage value of 2 V + 1 000 for through-air spacings referred to in 14.5.2 and the peak measured voitige for spacings

referred to in 14.5.2.

NOTE 2 The @rc-tracking characteristics of insulating materials are to be determined by the tests deseribed in AS[TM D495.

NOTE 3 Perfdrmance Level Category (PLC) refers to an integer that defines a range of test valaes.for a given electtical/mechanical
property test ad described in UL 746C.

NOTE 4 See [14.5.2



https://ulnorm.com/api/?name=UL 60065 2020.pdf

SEPTEMBER 30, 2015

UL 60065

187

100,000

90,000

80,000

N
-.....

70,000

NN
\""::
fou
N
o
\~...

60,000

50,000

NN

40,000

e
\\.

30,000

-

05° 90° 0 7

o[ s0

20,000

....
....
l.... o

i...

Iy
.i..

N

Pl
W.~
i-
l..

....

!...

\-

\.~

NN
Iy

"

n
‘...‘

N
X
NN
n_d

1,000

NN
™

200

i..

800

NN

700

"N

AGING TIME (IN HOURS)

600

500

NN

400

300

200

....

N

100

10

300 |280Y260 240 220 200 180 160 140 120 100 80

60

S32958

NOTE See 14.5.5

WINDING AGING —TEMPERATURE (DEGREES CELSIUS)

Figure 23 DU — Class 105 insulation aging temperatures

40
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Yes

No Test
< Needed ) Yes

Is diagonal
dimension of
picture tube
<48 cm?

Is mass
of apparatus

Is mass
of apparatus

Stability tegt
force is 20%\qNo
of the weight

of the TV|

No

'

Is mass of
IV > 30 kg?

Is mass of
IV > 70 kq?

Is mass of
IV > 47 kg3

No

Yes

Stability test
Yes— force is 90 N

weight of the

Yes

b

Stpbility test force
is 60 N

Force is applied at
any point on| the
appoaratus rot

Stability test-force

opparatus

Stability. test) force
is 13% of the

2|

Force is applied ot
any point on the
opporatus not

is 13% of_the
weight,_of .the TV

exceeding 1.5 m

above the non-skid
surface

of oppdratus
20m?

Yes

Stability test force
is 60 N

Force is applied at
the highest point
nol exceeding
15 m obove the
non-skid surfoce

Does
apparatus
overbalance ot 15°

A 4

exceeding 1.5 m
above the nontskid

or less when
force is

surface opplied?
Y No
Yes
Test result Test result
S4327B unacceptable acceptable

NOTE See Table 20A

Figure 24 DU — Horizontal force test flowchart
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S4070

NOTE See 5.2 and T.5.5.6.

Figure 25 DU — Hot surface.marking symbols
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Annex A
(normative)

Additional requirements for apparatus with-protection-against-splashing-water for outdoor use

and wet locations

NOTE The clause numbering of this annex refers to the clauses of this standard

A.1 DU Ge

neral

The requirements of this standard, supplemented or replaced by those contained in this annex, apply to

apparatus pﬂovided with protection against splashing water intended for outboor LocaTION use

use. or pernj

anent outpooR LocATION use. And apparatus is determined to be intended for ouT

WET LOCATION

OOR LOCATION

use or for ug

a) ltis pro
b) Its masd
c) ltis cap

d) The lite
LOCATION.

An apparatu

e in a wet Location when it has any one of the following attributes:
ided with a means (handles. wheels, casters, etc.) making it transportable.
is less than 35 kq.

bble of being operated from a battery.

ature provided with the apparatus indicates or implies use in an oUTDOOR LOCA]

5 as described in a), b). or ¢) above that is marked as specified in 5.5.2 a) is not

ION O @ WET

intended for

use in an OUITDOOR LOCATION OF WET LOCATION.

An_apparatd
permanently|

A.28.15 D
OUTDOOR LOCA

an unprotecled location exposed. to weather

A.2.8.16 D
WET _LOCATION
in direct con

A.5 DU Marking-and-instructions

installed outdoors.

5]

ON

U

hect with_earth. and locations subject to saturation with water

pudng-item-after5:2-h):

s is determined to be for permanent outboor LocaTioN use when its use entajls that it be
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A.9.1.1.2 DU General

lements 9.1.1.2:

The following su,

After being subjected to the conditions described in A.11.1.1. the touch current of an apparatus that is

intended for use in_an outbooRr LOCATION Or WET_LocATION shall not be more than 0.5 MIU when_the
open-circuit potential between any accessisLE part and earth or any other accessisLE part is more than 21.2

V peak.

Aneo nfthic

ara

ic _made - nan-—tho - annaratbie fittad adth

whink

Hha annaratiie challlionmnliy wuith tha tncte Af 10 4 and inebheectHon—chall

iditv_treatment

1

lied by the rain test apparatus specified in UL 1598.

OCoamplianealic nhapkad by thao tragtmant-opacificd-hbhalows

wurmponarictico LIicCRCU - Uy e ucatrticrit opgTUiiiecU uvCiuvw, VWiliLl Rago 1Trautc Ul e dpparatgyo 1miicu vitri

Immadiatalid aftayr thica traotmant

e UiatCryancriuno uaTaltmicT i, e appardtuas  Sriann GUITIOT y —vwWillT 1T 1Cotlo U TU S artd—iopCcCiuort—oridil

chpwuthatwuwbhior whinh mav havn antarad Hha annaratiic Anpe nnt caoriea amvs dAamaaein-the

il nartinirlar thaoara chall ba na traca-Afliiwatar Aanincerlatione—forshinh
otaridard, i partaeuiar, trerc orian ve o irac S o vwalctr urririouiativrico 1T Wit CACEFAGE YISTANUES Aarc

ooV tratvwwaiCr,—wieriray Tiave CricrcUiricappdailailus, UUCo TiorcausCaltydarrmagCTirnCc pCricCurirmos

ctanadard-

A.11.1.1 DU The apparatus‘is’to be positioned, but not operating. as in actual service and g$ubjected for

1 _hour to a \vater spray su

A.16.1 D

The following supplements 16.1:

Flexible cords shall be suitable for outdoor use.

A.20.3.1 DU

1

lements 20.

The following su,

with the requirements for

Enclosures for apparatus intended for permanent outboor LocaTioN shall compl

Type 3 enclosures in UL 50.


https://ulnorm.com/api/?name=UL 60065 2020.pdf

192

UL 60065

SEPTEMBER 30, 2015

Annex B DU
(normative)
Apparatus to be connected to the TELECOMMUNICATION NETWORKS

The requirements of this standard supplemented by the requirements of IEC 62151 as referenced in this
annex apply to apparatus within the scope of this standard intended to be connected to TELECOMMUNICATION

NETWORKS.

NOTE 1 Inco

NOTE 2 Atten
be connected t
well as the USH

IEC 62151:3
IEC 62151:3
Replace 3.5
IEC 62151:2
The requiret|
In a single T
TNV-0 CIRCUIT

in 9.1.1.2 of

NOTE 3 A ci
NETWORK, is

The requirer

In the event
components
CIRCUIT OF CIA
9.1.1.2 of tH
exceeded.

untries listed in IEC 62151, special national conditions apply.

tion is drawn to the fact that the telecommunication authorities can impose additional requirements
b TELECOMMUNICATION NETWORKS. Those requirements generally concern the protectian|of {
ERS of the apparatus.

000 Clause 1, except for 1.4, and Clause 2 apply.

000 Clause 3 applies, with the following modification:

4 by the definition 2.4.10 of this standard.

000 Clause 4 applies, with the exception of 4.1.2,4.1.3, 4.2.1.1 and 4.2.1.2.
nents of 4.1.2 shall be replaced by the following requirements:

NV-0 CIRCUIT Of in interconnected Tnv-o0 CIRGUITS, the voltage between any two cond
br circuITs and, between any one such.conductor and earth shall not exceed the

this standard.

Fcuit that meets the above requirements, but that is subject to overvoltages from a TELECOI
b TNV-1 CIRCUIT.

nents of 4.1.3 shall be replaced by the following requirements:

of a single failure.of BASIC INSULATION Or SUPPLEMENTARY INSULATION, Or Of @ compone
with DOUBLE @I REINFORCED INSULATION), the voltages between any two conductors
cuits andbetween any one such conductor and earth shall not exceed the va
is standard for more than 0,2 s. Moreover, the limit values as given in 11.1

Except as p

pbn apparatus to
he networks as

uctors of the
values given

VIMUNICATION

ht (excluding
of the Tnv-0
ues given in
shall not be

rmitted in 4.1 A7 one of the methods epnnifind n4113 1, 413 9, ord 1313 sha

| be used.

Parts of the interface circuit that do not comply with the requirements for Tnv-o circuirs under normal

operating co

nditions shall therefore not be User ACCESSIBLE.

The requirements of 4.2.1.1 shall be replaced by the requirements of 2.3.1 of UL 60950-1.

The requirements of 4.2.1.2 shall be replaced by the following requirements:

NOTE 4 See also Clauses 5 and 6.
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Separation of TNv-0 CIRCUITS, TNV-1 CIRcUITS and AccessiBLE conductive parts from Tnv-2 cirRcuits and TNv-3
circuiTs shall be such that

— under normal operating conditions, the limits specified in 4.2.1.1 a) for Tnv-1 circuiTs (35 V peak, or 60
V d.c.) are not exceeded on the Tnv-0 CIRCUITS, TNV-1 CIRCUITS and AccessisLe conductive parts.

— in the event of a smgle |nsulat|on fault the Hmﬂs—epeemed—rn—4—2—1—1—b)—feﬁm+2—efﬁeeﬁs—and—rm+s

oltages on the

TNV-0 CIRCUITS, TNV-1 CIRCUITS and ACCESSIBLE conductlve parts haII not exceed the values given in 9.1.1.2 or

this standard for more than 0.2 s. Moreover, the limit values as given in 11.1 shall not be exceeded.
However, after 0,2 s the voltage limits of 4.1.2 (35 V peak, or 60 V d.c.) shall apply.

The separat
shows wher

on requirements will be met if Basic INsuLATION is provided as indicated in Table B,
b 6.1 applies; other solutions are not excluded.

Table B.1 — Separation of TNV circuits

, which also

Parts being separated Separation
TNV-1 CIRCUIT 6.1
TNV-0 C':g:éﬂ;\‘j; /;gr(t:sESS'BLE TNV-2 CIRCUIT BASIC INSULATION

TNV-3 CIRCUIT BASIC INSULATION and 6.t

TNV-1 CIRCUIT TNV-2 CIRCUIT BASIC INSULATION and 6.[1

TNV-2 CIRCUIT TNV-3 CIRCUIT 6.1

TNV-1 CIRCUIT TNV-3 CIRCUIT BASIC INSULATION

TNV-1 CIRCUIT TNV-1 CIRCUIT functional insulation

TNV-2 CIRCUIT TNV-2 CIRCUIT functional insulation

TNV-3 CIRCUIT TNV-3 CIRCUIT functional insulation

BASIC INSULATIDN is not required provided that all of‘the following are met:

— the Tnv-0|CIRCUIT, TNV-1 CIRCUIT OF AccessiBLE conductive part shall be connected to a PROTEGTIVE EARTHING
TERMINAL in agcordance with this standard;and

— the installation instructions specify that the pProTECTIVE EARTHING TERMINAL Shall be permanently connected
to earth; and

— the test gf 4.2.1.5 shall.be carried out if the Tnv-2 or Tnv-3 circuIT is intended to receive signals or power
that are genprated externally during normal operation (for example in a TELECOMMUNICATION NETWORK).

At the choic¢ of themanufacturer, it is permitted to treat a Tnv-1 CIRCUIT OF @ TNV-2 CIRCUIT @S a[TNV-3 CIRCUIT.
In this case,|the,wv-1 circuiT or Tnv-2 circulT shall meet all the separation requirements for a fnv-3 circulT.

Compliance is checked by inspection and measurement and, where necessary, by simulation of failures
of components and insulations such as are likely to occur in the apparatus. Prior to the tests, insulation
that does not meet the requirements for Basic INSULATION iS short-circuited.

NOTE 5 Where BASIC INSULATION is provided and 6.1 also applies to this insulation, the test voltage prescribed in 6.2 is in most
cases higher than that for BASIC INSULATION.

Clause 5 of IEC 62151 applies, with the following modification in 5.3.1:

The value 1,6 shall be replaced by the value 1,8.
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Apparatus intended to be connected to TELEcommunicaTiION NETWORKS and having ringing voltages applied to
the equipment shall be subjected to requirements for Limitation of Touch Current due to Ringing Signals

per 5.1.8.3 of UL 60950-1 or 5.7.7.1DV.1 of UL 62368-1.

Clauses 6 and 7 of IEC 62151 apply.

Apparatus intended to be connected to TELECOMMUNICATION NETwORKS that uses outside cable subject to
overvoltage from power line failures shall comply with requirements for Protection Against Overvoltages
from Power Line Crosses per 6.4 of UL 60950-1, or 6.7DV.1 of UL 62368-1.

Apparatus intended to be connected directly or indirectly to TELEcOMMUNICATION NETWORKS and containing an
earphone which is held aqainst or_in the ear shall be subjected to Acoustic Tests of UL 60950-1 or UL

62368-1.

Annex A up [to and including Annex C of IEC 62151 apply.

Apparatus intended to be connected to TELEcOoMMUNICATION NETWORKS shall be provided with the appropriate
markings and instructions described in Annex NAA (6) of UL 60950-1 or Annex DVK (Anndgx F.4) of UL

62368-1.
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Annex C
(normative)
Band-pass filter for wide-band noise measurement

For wide-band measurement see 6.1 of IEC 60268-1:1985.
The filter shall be a band-pass filter having a frequency response within the limits shown in Figure C.1.
A band-pass filter which has a substantially constant transmission factor between 22,4 Hz and 22,4 kHz,

decreasing outside this frequency band at the rates specified for octave-band filters having mid-band
frequencies pf 31,5 Hz and 16 000 Hz specified in IEC 61260, has a response falling withinj the limits of

this specification.
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IEC 1557/14

Source: Figure 5 of IEC 60268-1:1985.

NOTE 1 Strong signals just above or below the band-limits can, to some degree, influence the individual frequency response of
the filter actually used.

NOTE 2 See 4.1.6.

Figure C.1 — Band-pass filter for wide-band noise measurement
(amplitude/frequency response limits)
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Annex D DU
(normative)
Measuring network for ToucH CURRENTS

Figure D.1 below shows the measuring network for ToucH currents according to IEC 60990.
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Rg = 1 Cg=
1500 Q T 0.22uF
A
Test 10k Q
TERMINALS | E—
| I
B
Rb_ 1 nno2o .. F — \L
500 Q S| OOz T —— \"2 U2 (V)
S3991A

IEC 1558/14

Resistance valyes in ohms (Q)

V: Voltmeter gr oscilloscope (r.m.s.-erpeak+eading)
Input resistapce: > 1 MQ
Input capacifance: < 200 pF
Frequency range: 15 Hzte {"MHz and d.c. respectively

Appropriate mepsureszshould be taken to obtain the correct value in case of non-sinusoidal waveforms.

The measuringli

in accordance with LJL 101.
TOUCH CURRENT = U,/500 (peak value).
MIU = Uo x 2 (r.m.s. value)

NOTE See 9.1.1.2.

Figure D.1 — Measuring network for ToucH currents according to tEC-60990 UL 101
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Annex E
(normative)

Measurement of cLEARANCES and CREEPAGE DISTANCES

The methods of measuring cLearances and cReerAGE DISTANCES Which are specified in the following figures
are used in interpreting the requirements of this standard.

In the following figures, the value of X is given in Table E.1. Where the distance shown is less than X, the

depth of the gap or groove is disregarded when measuring a CREEPAGE DISTANCE.

Table E.1 id
CLEARANCE IS

— the relev

— one-third

valid only if the required minimum cLeaRaNcE iS 3 mm or more. If the requir|

ess than 3 mm, the value X is the lesser of:
ant value in Table E.1, or
of the required minimum CLEARANCE.

Table E.1 — Value of X

ed minimum

Pollution degree X
(see 13.1) mm
1 0,25
2 1,0
3 1,5
In Figures E|1 to E.10, cLeaRANCES and CREEPAGE DISTANCES are shown as follows:

CLEARANCE mu-=mmms CREEPAGE DISTANCE
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su1324

IEC 1566/05

Condition: Path under consideration includes a parallel or

convergingtsided groove of any depth with width less than
X mm.

Rule: CLEARANCE\and CREEPAGE DISTANCH are
measured direetly across the groove.

Figure E.1 — Narrow_groove

su1325

IEC 1567/05

Condition: Path under consideration includes a parallel-

sided groove of any depth, and equal to or more than X
mm wide.

Rule: CLEARANCE is the “line-of-sight” distance,

CREEPAGE DISTANCE path follows the contour of the
groove.

Figure E.2 — Wide groove
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su1326

Condition: Path under consideration includes a V-shaped Rule: CLEARANCE is.the “line-of-sight” distance
groove with internal angle of less than 80° and a width CREEPAGE DISTANCE path follows the contour]

greater thap X mm.

Jul1327

groove but “shert:circuits” the bottom of the groo
X mm long.

Figure E.3 — V-shaped,groove

IEC 1568/05

of the
e by a link

Condition: Path under consideration includes a rib. Rule: CLEARANCE is the shortest direct air path
top of the rib. CREEPAGE DISTANCE path follows the

contour of the rib.

Figure E.4 — Rib

IEC 1562/05

over the
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<X'mm <X'mm

X
su1328
IEC 1570/05
Condition: Path under consideration includes an Rule: CREEPAGE DISTANCE and CLEARANCE] path is the
uncementef joint with grooves less than X mm wide on “line-of-sight” distance shown.
either side.
Figure E.5 — Uncemented joint with narrow groove
2X'mm 2X'mm
X
su1329
IEC 1571/05
Condition: Path under consideration includes an Rule: CLEARANCE is the “line-of-sight” distance.
uncemented joint with a groove equal to or more than X CREEPAGE DISTANCE path follows the contour of the
mm wide each side. groove.

Figure E.6 — Uncemented joint with wide groove
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Condition:
uncemente
mm wide a|

2X'mm <X'mm
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Path under consideration includes an Rule: CLEARANCE and CREEPAGE DISTANCE
[ joint with a groove on one side less than X as shown in Figure E/7.
hd a groove on the other equal to or more than

X mm widel.

su1330

Figure E.7 — Uncemented joint withcharrow and wide grooves

Unconnected conductive part

su1333

IEC 1572/05

paths are

IEC 1578/05

Condition: Insulation distance with intervening, unconnected Rule: CLEARANCE is the distance d + D, CREEPAGE
DISTANCE is also d + D. Where the value of dor D is

conductive part.

smaller than X it shall be considered as zero.

Figure E.8 — Intervening, unconnected conductive part
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=X'mm

EEEES

P S SO RS
BOOKLRRIKIRR
Do atetotetetete!
PSSR
SSILKIK

su1331c

Gap betwgen head of screw and wall of recess too narrow to be taken into_aecount.

Measuremeent of CREEPAGE DISTANCE is from screw to wall where the-distance is equal to X mm.

Figure E.9 — Narrow recess

2X'mm
—

Illll |

| I 0|
RSO ESK R IRK
BSQRIIHIELLEE
SEELLLLR
Rotetelelete2e%
R3JSS5 R

%

IEC 1559/14

su1332c

Gap between head of screw and wall of recess wide enough to be taken into account.

Figure E.10 — Wide recess

IEC 1560/05
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Annex F
(normative)
Table of electrochemical potentials
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0 0,5 0,55 |0,7 085 09 10 105 11 115 125 135 14 145 16 1,65 , Magnesium, magnesium
alloys

0 000,203~ 0,35 04 0,5 0,55 0,6 [0,60 0,75 0,85 0,9 0,95 1, 1,15 1,2 1,25 ZMCT, Znc alloys

o
oo
—_
~
-
~
(&)1

0 0,15 0,25 0,3 0,35 045 05 055 06 07 08 085 09 105 11 1,15 1,2 1801in/20 zinc on steel,
zinc o) iron or steel

0 01 015 02 03 035 04 045 0,55 |0,65 07 0,75 09 095 1,0 1,05 fAlumirfium

0 00501 02 02503 035045 05506 (065 08 0,85 080,95 | Cadmipm on steel

0 0,05 0,15 02 025 03 04 05 055 06 [0,75 0,840;85 0,9 [ Alumirfium/magnesium
alloy
0 01 015 02 025 035 045 05 055(0,7_ 075 0,8 0,85 | Mild steel

0 00501 015025 035 04 045 06 [0,65 0,7 0,75 | Duralumin

0 005 01 02 03 035¢04- 055 06 |066 0,7 |Lead

0 0,05 0,15 0,25 6,3~ 0,35 0,5 0,55 0,6 |0,65 Chromjum on steel, soft

| solder
_ " 0 0,1 028025 03 045 05 0,55 0,6 |[CronlNion steel, tinon
Cr = Chronium steel, 12 % Cr stainless
Ni = Nickgl steel

0 01 015 02 035 04 045 0,5 | Highcpromium
stainleps steel
0 0,05 0,1 025 0,3 0,35 0,4 | Coppef, copper alloys

0 0,05 0,2 0,25 0,3 0,35 | Silver $older, austenitic
stainleps steel
0 0,15 0,2 0,25 0,3 Nickel jon steel

0 0,05 0,1 0,15 | Silver

0 0,05 0,1 Rhodiym on silver on
coppel, silver/gold alloy
0 0,05 | Carbo

0 Gold, glatinum

su0803b

NOTE 1 Corrosion due to electrochemical action between dissimilar metals which are in contact is minimized if the combined
electrochemical potential is below about 0,6 V. In the above table, the combined electrochemical potentials are listed for a number
of pairs of metals in common use.

NOTE 2 See 15.2.
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H.1 Genera

Annex H
(normative)
Insulated winding wires for use without interleaved insulation

(see 8.16)

The annex specifies winding wires whose insulation may be used to provide BASIC INSULATION, SUPPLEMENTARY

INSULATION, DQ
This annex
H.2 Type te
H.2.1 Gene

The wire sh
a relative hy

H.2.2 Dielef

The test sar
then subject,
test voltage

6 kVrm

3kVrm

UBLE TNSUCATION OT REINFORCED TNSUCATION T woumd-components withoutimterteaved
overs round winding wires having diameters between 0,05 mm and 5,0 mm.
sts

Fal

il pass the following Type TESTS, carried out at a temperature’between 15 °C arj
midity between 45 % and 75 %, unless otherwise specified.

ctric strength

hple is prepared according to 4.4.1 of IEC 60851-5:2008 (for a twisted pair). T
pd to the relevant test of 10.4 of this standard, without the humidity treatment o
hot less than twice the appropriate voltage in Table 5 of this standard, with a m

s. or 8,4 kV (peak) for REINFORCED 4NSULATION, Or

S. or 4,2 KV (peak) for BASICYNSULATION OF SUPPLEMENTARY INSULATION.

H.2.3 Flexibility and adherence

Test 8 of 5.

The test sa
relevant test
is applied b
voltage in T3

.1 of IEC 60851¢3:2009, using the mandrel diameters of Table H.1 of this stand

mple is then\examined in accordance with 5.1.1.4 of IEC 60851-3:2009, foll
of 10.4_6f'this standard, without the humidity treatment of 10.3, except that the
etween\the wire and the mandrel. The test voltage shall be not less than thq
hble 5of this standard, with a minimum of

insulation.

d 35 °C and

he sample is
10.3, with a
inimum of

ard.

bwed by the
test voltage
appropriate

3 kVrm.

S. or 4,2 KV (peak) for REINFORCED INSULATION, Of

1,6 kV r.m.s. or 2,1 KV (peak) for BASIC INSULATION OF SUPPLEMENTARY INSULATION.
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Table H.1 — Mandrel diameter
Nominal conductor diameter Mandrel diameter
mm mm + 0,2 mm
0,05 to 0,34 4,0
0,35 to 0,49 6,0
0,50 to 0,74 8,0
0,75 to 2,49 10,0
2,50 to 5,00 4 times the conductor diameter @

2 |In accordance with IEC 60317-43.

The tension

to be applied to the wire during winding on the mandrel is calculated from the v

ire diameter

to be equivg

lent to 118 MPa + 10 % (118 N/mm? + 10 %)

H.2.4 Heat shock

Test 9 of IE(

D 60851-6:2012, followed by the dielectric strength test of Table 5 of.this standar
the test voltage is applied between the wire and the mandrel. The test voltage-shall be not

0 except that
ess than the

appropriate yoltage in Table 5 of this standard, with a minimum of
— 83 kV r.m|s. or 4,2 kV (peak) for REINFORCED INSULATION, Of
— 1,6 kV rm.sor2,1kV (peak) for BASIC INSULATION OF SUPPLEMEITARY INSULATION.
The oven temperature is the relevant temperature of the thermal class of insulation in Table| H.2.
The mandref diameter and tension applied to the wiré during winding on the mandrel are as|in H.2.3.
The dielectric strength test is conducted at room\temperature after removal from the oven.
Table H.2 — Oven temperature
Thermal class A E B F H
(105) (120) (130) (155) (180)
Oven temperature
°C + 5 °( 200 215 225 240 260
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