Q

UL 6500

STANDARD FOR SAFETY

Audio/Via
Househo
Use

leo and Musical Instrument Apparatus for

d, Commercial, and ‘Similar Genera



https://ulnorm.com/api/?name=UL 6500 2013.pdf



https://ulnorm.com/api/?name=UL 6500 2013.pdf

JULY 24, 2013 -

UL 6500

trl

UL Standard for Safety for Audio/Video and Musical Instrument Apparatus for Household, Commercial,
and Similar General Use, UL 6500

Second Edition, Dated September 30, 1999

Summary of Topics

This revision of UL 6500 is being issued to revise the requirements for button cell batteries to
clarify that the construction requirement applies to the entire battery compartment door/cover.

UL 6500 is an adoption of IEC 60065, Safety of Audio, video and similar electronic apparatus

— Safety Req

uirements (Sixth Edition, issued July 1998).

Text that has
with a verticg
and are follo

changed requirement becomes effective.

The new and
dated May 3,

All rights res
transmitted i
without prior

UL provides this Standard "as is" without warranty of any’kind, either expressed or implied,

not limited to

In no event
including losg
inability to ug
possibility of
this Standard

Users of the
harmless fror
attorney’s fee
Standard on

The requirem
and/or other

been changed in any manner or impacted by UL’s electronic publishing systs
I line in the margin. Changes in requirements are marked with a verticalline
ved by an effective date note indicating the date of publication or(the”date

/or revised requirements are substantially in accordance with,Proposal(s) o
2013.

h any form by any means, electronic, mechanieal “photocopying, recording,
permission of UL.

the implied warranties of merchantabilitycor fithess for any purpose.

will UL be liable for any special,\ificidental, consequential, indirect or simi
of profits, lost savings, loss of data, or any other damages arising out of the
e this Standard, even if Ul or an authorized UL representative has been al
such damage. In no eventsshall UL’s liability for any damage ever exceed the
, regardless of the form\of the claim.

electronic versiops of UL's Standards for Safety agree to defend, indemnify,
h and against @ny-oss, expense, liability, damage, claim, or judgment (includin
s) resulting_from any error or deviation introduced while purchaser is storing
fthe purchaser’'s computer system.

ents A this Standard are now in effect, except for those paragraphs, sections, t3
blements of the Standard having future effective dates as indicated in the note

em is marked
n the margin
on which the

h this subject

erved. No part of this publication may be reproducéd, stored in a retrieval system, or

or otherwise

including but

ar damages,
use of or the
dvised of the
price paid for

and hold UL
g reasonable
an electronic

hbles, figures,
following the

affected item.

T e prior text for requirements that hrave been revisedand that trave a future

ffective date

are located after the Standard, and are preceded by a "SUPERSEDED REQUIREMENTS" notice.

The following

table lists the future effective dates with the corresponding reference.


https://ulnorm.com/api/?name=UL 6500 2013.pdf

tr2

JULY 24, 2013 - UL 6500

Future Effective Date

Reference

May 9, 2014

Annex T



https://ulnorm.com/api/?name=UL 6500 2013.pdf

SEPTEMBER 30, 1999
(Title Page Reprinted: July 24, 2013)

1
UL 6500

Standard for Audio/Video and Musical Instrument Apparatus for
Household, Commercial, and Similar General Use

First Edition — May, 1996

=g

[

00

0w o o

2

Second Edition

September 30, 1999

[

his UL Standard for Safety consists of the Second Edition incfuding revision
hrough July 24, 2013.

omments or proposals for revisions on any part of the Standard may bg
ubmitted to UL at any time. Proposals should be submitted via a Proposal
equest in UL’s On-Line Collaborative Standards Pevelopment System (CSDS)
http://csds.ul.com.

L's Standards for Safety are copyrighted by>UL. Neither a printed nor electron
opy of a Standard should be altered inany way. All of UL's Standards and 4|
opyrights, ownerships, and rights regakding those Standards shall remain th
ole and exclusive property of UL.

DO =0

COPYRIGHT © 2013"UNDERWRITERS LABORATORIES INC.



https://ulnorm.com/api/?name=UL 6500 2013.pdf

UL 6500 JUNE 6, 2005

No Text on This Page



https://ulnorm.com/api/?name=UL 6500 2013.pdf

JUNE 6, 2005 UL 6500 3

CONTENTS
UL PREFACE . . e e e e 7
DEVIATIONS . e e 9
FOREWORD . ..ttt e e e e 10
INTRODUCTION ottt e e e e e e e e e e e e 12
L GENeraAl o 15
SCOPE o e e 15
2 Normative references .............iiiiiii i N 18
2 DefinJtions ... e 19
Definitions in alphabetical order ........... ... ... O 19
Types of apparatus .. ...... ...t D e 22
Ratings and electrical values . .............. ... ..o O 23
Supply and external connections . ............ . i i 24
Signals, sources, loads ........... .o i e N 25
Protection against electric shock, insulations ......,. O .. ... ... o e 26
CoMPoNeNtS ..ot e 27
Miscellaneous ........... ..o OV 28
Gendral requIreMeNtS . ...t AN e 30
Gengral testconditions .............. o XY e 30A
4.1 Conductoftests ........... ..o D 30A
Normal operating conditions . ....... 0 . . 32
Fault conditions . ........ .. N e 34A
Markings and inStructions ........... . 00 . e 37
Identification and supply ratin@s .. ...t 38
L= I e 40
INSLrUCHIONS .. ... o s e 40A
dous radiations ..... N ). . ... 42A
L lonizing radiation f, . s, .o e 42A
6.2 Laser radiation =~ . . ... 43
7 Heatihg under normal pperating conditions ............ ... . i 44A
7.1 General o e e 44A
7.2 Heat reSistance of insulating material ............ .. .. . i 48
8 Consjructional requirements with regard to the protection against electric shock ...|.......... 49
9 Electfic shack hazard under normal operating conditions .......................] ... ... 55
9.1.Testingonthe outside .......... ..ottt 55
9.2 ReEMUVAl Of PrOtECHVE COVETS — - - o s s s s e 59
10 INSUlation reqUIrEIMENES . . . ..ottt e et e e e e e e e e e e e e e 59
10,1 SUIMGE St . oottt e e 59
10.2 Humidity treatment ... ... ... 60
10.3 Insulation resistance and dielectric strength ......... .. ... ... . L 60A
11 Fault coNditioNS . .. ..o e 63
11.1 Electric shock hazard ... ........ . 63
11,2 HeatiNg ..ottt ittt et e e e e e 64
12 Mechanical Strength ... ... 67
12.1 Complete apparatus ... ...ttt 67
12.2 Fixing of actuating elements .. ... ... 70

12.3 remoTE conTrROL devices held inhand ......... .. 71


https://ulnorm.com/api/?name=UL 6500 2013.pdf

UL 6500 JUNE 6, 2005

L12.4 DIAWEIS . .o ittt e et e e e e e e e 71

12.5 Antenna coaxial sockets mounted on the apparatus ............... ... ... ..., 71

12.6 Telescoping OF rOd @NtENNA .. ..o vttt ittt et e et e e ettt 72

12.7 Wall or ceiling mounting MEANS . . . ... vttt ettt et e ettt e 73

13 CLEARANCES @N0 CREEPAGE DISTANCES . . et sttt et ettt et et ettt e et et e et et e et 74

13,1 GENEral ot e 74

13.2 cLEARANCES and CREEPAGE DISTANCES: AiIMENSIONS .. ... ...ttt 75

14 COMPONENES .ottt e e et e e e e 78

141 RESISIONS .\ttt e e e e 78

14.2 Capacitors and RC-UNILS .. ... ..t e e 79

14.3 Inductors and WiNdiNgS ... ...t e 81

14.4 High voltage components and assemblies ........... ... ..., 84

145 ProfecliVe 0eVICES ... . . . i e e 87

146 SWItChES ..o i e N 92

147 SAFETY INTERLOCKS & v vt vt vt et ettt eie it i)l 98

148 Voltage setting devices and the like ............. .. ... .......O oot 98

TAL9 MOTOIS ..ottt e D 98

1410 Batteries . ... 99

1411 OPtOCOUPIEIS . A A e b 100

15 TERMINALS vttt ettt e e e e b 100

151 Plugsandsockets ... O 100

15.2 Provisions for protective earthing .............~%. ... ..o oo 102A

15.3 TerminaLs for external flexible cords and for permanent connection to the maiNs supply .104

154 Devices forming a part of the mans plug ..o oo 107

16 Extgrnal flexible cords ......... ... . R 108

17 Elegtrical connections and mechanical fixings & . ... oo b 112

18 Medhanical strength of picture tubes and protection against the effects of implosiop ....... 116

18.2 Intrinsically protected picture tubes, including those having integr@l protective

SCIEENS . .ottt el A e b 116

18.3 Non-intrinsically protected picture tubes ............ ... .. ... ... i ibee 117

19 Stability and mechanical hazards(..”. ......... .. i b 118

19.4.1 Fragmentation teSt . st oo b 119

195 Rack mounting test N ). . ... b 119

20 Res|stance to fire ... ottt b 120

20.1 Electrical components and mechanical parts............... ... ..o bt 120

2002 Fire enCloSUrE ™. . . ..o b 123

Annex A (ndrmative) Additional requirements for apparatus with pretection—against-splashing—————

water for qutdoot use and wet locations

A S VtarKimg A St CH oS e 145

AL9.1. 1 GENEIaAl ot 146

A.10 Insulation reqUIrEMENTS .. . ...ttt e e e e 146
Annex B (normative) Apparatus to be connected to the TELECOMMUNICATION NETWORKS

B.2 Definitions 1) .. .. 148

B.5 Marking and inStruCtions . ....... ..ottt 149

B.8 Constructional requirements with regard to protection against electric shock ........ 149

B.9 Electric shock hazard under normal operating conditions .......................... 150

B.10 Insulation reqUIremMeNtS . .. ... o 150


https://ulnorm.com/api/?name=UL 6500 2013.pdf

JUNE 6, 2005 UL 6500 5

B.14 COMPONENTS ...ttt e e 151

Annex C (normative) Band-pass filter for wide-band noise measurement(Extract of IEC 60268-1)

Annex D DR(normative) Measuring network for ~ ToucH CURRENTS

Annex E (normative) Measurement of  cLEARANCES and CREEPAGE DISTANCES

Annex F (norfmative) Table of electrochemical potentials

Annex-G—BC- (rermative)-Hammability test-metheds—

@)

Annex H U (normative) Safety requirements for video apparatus for usé.in health care facilities

Annex | DU (normative) Safety requirements for undercabinet apparatus

Annex J DU (normative) Safety requirements for in-wall*heunted apparatus

)

Annex K U (normative) Safety requirements for-apparatus with projection lamps

Annex L DU (normative) Safety requiremerits for permanently connected apparatus |

Annex M DU (normative) Safety requirements for carts, stands, and similar apparatus for use
with specific apparatus covered' by this standard

M[19 Mechanigal-stability .............. . 190

Annex N (informativeé) RouTINE TEST

N. I Testsdurnng the produCiom PIOTESS - - - o - v v e s s s e 191
N.2 Tests at the end of the production Process . .............iiiiiiiiiiiiinn.. 193


https://ulnorm.com/api/?name=UL 6500 2013.pdf

UL 6500

NOVEMBER 9, 2012

Annex O DE Reserved for future use

Annex P (info

rmative) Bibliography

Annex Q DU (informative) A_0.02-ohm shunt for use in the peak inrush-current measurement

described i

Annex R D

ni4.6.11.1

U (normative) Manufacturing and production-line tests and verifications

Annex S D

Annex T DU

T.21 cdiN / BUTTON CELL BATTERIES

T.

T.
T.
T.

Annex U DF

C_(normative) Standards for components

) (normative) Safety requirements for coin/button cell batteries

P1.1 Construction
P1.2 Pre-conditioning tests
P1.3 Abuse tests
P1.4 Compliance

E (informative) Index



https://ulnorm.com/api/?name=UL 6500 2013.pdf

SEPTEMBER 30, 1999 UL 6500 7

UL PREFACE

This UL Standard is based on IEC Publication 60065: sixth edition, Safety of Audio, video and similar
electronic apparatus — Safety Requirements. IEC publication 60065 is copyrighted by the IEC.

The text, figures and tables of IEC Publication Safety of Audio, video and similar electronic apparatus —
Safety Requirements, 60065, copyright 1998, 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 part of the requirements of the Standard but are
included for information purposes only. Copies of IEC Publication 60065 may be purchased from ANSI,
11 West 42ng-=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 femains the responsibility of the users of the Standard to judge its suitability for their particular pyrpose.
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DEVIATIONS

Deviations from the text of International Electrotechnical Commission (IEC) Publication 60065, Audio,
video and similar electronic apparatus — Safety Requirements, copyright 1998 are indicated by notations

next to the cl

ause, sub-clause, Table, Figure or Annex number.

There are basically four types of deviations:

DR — Deviations based on the National Electrical Code (NEC) and other U.S. Regulatory

Requirement

DU — Deviati
are either 1)
safety for U.§
IEC requirem

DC - Deviat
standards arn
component s

DE — Deuviati
Deviations hd

the IEC 6006
of deviations

D .

bns based on Basic Safety Principles and safety practices: These are) dev
pased on basic safety principles and requirements, elimination of which“woulg
. consumers, or 2) deviations for IEC requirements that may be acceptable, bu
ents would require considerable retesting or redesign on the manufacturer’'s p

ons based on component standards: These are deviations based on th
d will not be deleted until a particular component standard is harmonized
andard.

bns based on absolute statements or editorial corrections.

lve been incorporated into the body of the standard. If deviations necessitate t
5 text, the IEC 60065 text has been retainied but has been tined-out. Text add

iations which
compromise
adopting the
art.

e component
with the IEC

he deletion of
bd as a result

has been underlined. Text added as the UL Preface and UL Foreword is not linderlined.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

AUDIO, VIDEO AND SIMILAR ELECTRONIC APPARATUS — SAFETY REQUIREMENTS

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising all
national electrotechnical committees (IEC National Committees). The object of the 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, the IEC publishes International Standards. Their preparation is entrusted to technical committees; any

IEC N
gover!
collab

by ag

2) TH
conse
Nation

3) Th
standg

4)
transp|
Stand

In

5) Th
declar

6) At
patent

International
video and sin

This sixth ed
(1989) and 3

It has the stal

ational Committee interested in the subject dealt with may participate in this preparatory (wo
mental and non-governmental organizations liaising with the IEC also participate in this\prep
rates closely with the International Organization for Standardization (ISO) in accordance Wwithcond
Pement between the two organizations.

e formal decisions or agreements of the IEC on technical matters express, as nearly as possible
hsus of opinion on the relevant subjects since each technical committee has representation fr
al Committees.

e documents produced have the form of recommendations for 4nternational use and are publish
rds, technical reports or guides and they are accepted by the“National Committees in that sense.

order to promote international unification, IEC National Committees undertake to apply IEC Interng
hrently to the maximum extent possible in their national’ and regional standards. Any divergence
rd and the corresponding national or regional standard shall be clearly indicated in the latter.

e |IEC provides no marking procedure to indicate its approval and cannot be rendered responsible f
bd to be in conformity with one of its standards.

ention is drawn to the possibility.that some of the elements of this International Standard may
rights. The IEC shall not be held responsible for identifying any or all such patent rights.

Standard IEC 60065 has been prepared by IEC technical committee 92: Sa
nilar electronic ‘equipment.

tion cancels and replaces the fifth edition published in 1985, its amendment
(1992).~Fhis edition constitutes a technical revision.

tus_of a group safety publication in accordance with IEC Guide 104.

Ik. International,
ration. The IEC
tions determined

an international
m all interested

bd in the form of

tional Standards
between the IEC

r any equipment

e the subject of

fety of audio,

5 1 (1987), 2

The text of this standard is based on the following documents:
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Report on voting
FDIS

92/60/FDIS 92/61/RVD

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

In this standard, the following print types are used
— requirements proper: roman type

— test specifications: italic type

- NO1|ES: smaller roman type
For terms defined in clause 2, smALL caPITALs are used.
Annexes A, B, C, D, E, F and G form an integral part of this standard.

Annexes N ahd P are for information only.
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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.

canta of thic cotondord ovn o tandad tao oo nda o A OGO R

Il as to the

The require
surroundings

Attention is
considered n

Further deve

(W} ot i+ 1A
TCTItS— O o Star oo O ar - T e T oC U toO— PTrovioC— PTrotC ChoTT (O PCTSOUTTS— oS vy

of the apparatus.

jrawn to the principle that the requirements, which are standardized,” are
bcessary to establish a satisfactory level of safety.

opment in techniques and technologies may entail the need_for future modif

the minimum

cation of this

standard.
NOTE]|- The expression "protection to the surroundings of the apparatus®implies that this protection shpuld also include
protecfion of the natural environment in which the apparatus is intended to be used, taking into accounf the life cycle of
the apparatus, i.e. manufacturing, use, maintenance, disposal andpossible end-of-life recycling of parts pf the apparatus.
Hazards
The applicatipn of this standard is intended to prevent injury or damage due to the following hazards:
— elpctric shock;
— eXcessive temperatures;
— rgdiation;
— implosion;
— mechanical hazards;
— fire.

N

Electric shoc

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 which may be touched or handled, such parts are either earthed or
adequately insulated.

For parts which can be touched, two levels of protection are normally provided to prevent electric shock
caused by a 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
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considered a substitute for, or a relief from, properly designed basic insulation.

Cause

Contact 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 is not likely to occur, or connect accessible
conductive parts to protective earth so that the voltage which
can develop is limited to a safe value. The insulations shall

Breakdown of ifpsulation between parts normally at hazardous
voltage and cirquits normally at non- hazardous voltages,
thereby putting jaccessible parts and terminals at hazardous
voltage.

Touch current ffom parts at hazardous voltage through the
human body. (Tlouch current can include current due to RFI
filter componenfs connected between mains supply circuits and
accessible part$ or terminals.)

Excessive tefnperatures

Requirement$ are included to prevent injury due to excessive temperatures of accessible pa
nsulation due to excessive internal temperatures, and to prevent mechanical
temperatures developed inside the-apparatus.

damaging of
to excessive

Radiation

Nave adequate mechanical and electrical strenggh.

Segregate hazardous and non-hazardous voltage circuits either
by double or reinforced insulation so.that’breakgown is not
likely to occur, or by a protective earthed screer}, or connect
the circuit normally at non-hazafdaous voltage to|protective
earth, so that the voltage which can develop is limited to a safe
value.

Limit touch current t6.a safe value or provide prptective earth
connection to thévaccessible parts.

ts, to prevent
nstability due

Requirement$ are included to preventinjury due to excessive energy levels of ionizing and Igser radiation,

for example by limiting the radiation to non-hazardous values.

Implosion

Requirement$ are incliided to prevent injury due to implosion of picture tubes.

Mechanical Razards

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:

overloads;

— component failure;


https://ulnorm.com/api/?name=UL 6500 2013.pdf

14

UL 6500 SEPTEMBER 30, 1999

— insulation breakdown;

— bad connections;

— arcing.

Requirements are included to prevent any fire which originates within the apparatus from spreading
beyond the immediate vicinity of the source of the fire or from causing damage to the surroundings of the

apparatus.

The following preventive measures are recommended:

— th

— th
cond

— th
conn

— th

— th

- th

— th

— th

e use of sultable components and sub-assemblies;

e avoidance of excessive temperatures which might cause ignition under.nornal or fault
tions;

e use of measures to eliminate potential ignition sources such asjinadequate ¢ontacts, bad
pctions, interruptions;

e limitation of the quantity of combustible material used;
e control of the position of combustible materials if relation to potential ignitiop sources;
e use of materials with high resistance to firexin’the vicinity of potential ignitior] sources;
e use of encapsulation or barriers to limitithe spread of fire within the apparatys;

e use of suitable fire retardant materials for the enclosure.
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AUDIO, VIDEO AND SIMILAR ELECTRONIC APPARATUS — SAFETY
REQUIREMENTS

1 General

1.1 Scope

1.1.1 DU This International Standard applies to electronic apparatus designed to be fed from the mains or
from a suppLy apparRATUS @nd intended for reception, generation, recording or reproduction respectively of
audio, video and assomated S|gnals It also applles to apparatus de5|gned to be used exclusively in

combination

above appar
For above-m
APPARATUS, an

(peak), this s

NOTE
this st

This standar

TELECOMMUNICATION NETWORK OF Similar network, for example by meéans of an integrated moden

Some examp
re
in
Sy

EL
gene
instru

Vi

aldio and/orVideo educational apparatus;

tus; it does not concern other matters such as style or performance

bntioned apparatus, which are fed from a supply source other than the maAins or
0 which contain a Laser sysTem or produce an internal oPERATING VOLTAGE greatel
fandard applies as far as applicable.

1 — In Australia, Canada, Denmark, Japan, Rumania, South Africa, Unitetl States of America and
hndard is, where relevant, used as a guide for the testing of battery operated apparatus.

H applies to the above-mentioned apparatus, if-jt_is designed to be conr

les of apparatus within the scope of this standard are:
ceiving apparatus and amplifiers for saund and/or vision;
Hependent LoaD TRANSDUCERS and,.SOURCE TRANSDUCERS;

PPLY APPARATUS intended to.supply other apparatus covered by the scope of this
ECTRONIC MUSICAL INSTRUMENTS, and electronic accessories such as rhythm genera

rators, music tuners-and the like for use with electronic or non-electronic musi
ments;

Heo projectors;

spects of the

from a suppLY
than 4000 V

United Kingdom

ected to the
.

5 standard;

itors, tone
cal

Vi

Heo’ cameras and videg monitors;

household video games and flipper games;

NOTE 2 — Video and flipper games for commercial use are covered by HE€-66335-2-82f#" UL 22

— juke boxes;

“Figures in square brackets refer to the bibliography given in annex P.
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— household electronic gaming and scoring machines;

NOTE 3 — Electronic gaming and scoring machines for commercial use are covered by +£€-66335-2-82{7 UL 22

te

letext equipment;

— record and optical disc players;

— tape and optical disc recorders;

— antenna signal converters and amplifiers;

— S@

- C

itellite receiver antenna positioners;

tizen's Band apparatus;

— apparatus for IMAGERY;

MAINS_CONnec
National Eled

Any undated

ht effect apparatus;

infercommunication apparatus, using low voltage mains as the transmission med

eo apparatus intended for entertainment purposesiin‘health-care facilities:
lular phones, wireless modems, and similar fransceiving devices;

Hio or video apparatus that are used witha battery supply.

trical Code, ANSI/NFPA 70.

reference to a code or avstandard appearing in the requirements of this stan

ed apparatus covered by this standard is intended for installation in compliance with the

dard shall be

interpreted a

1.1.2 This st
- 24

— 4

b referring to the latest edition of that code or standard.

hndard applies to-apparatus with a RATED supPLY voLTAGE not exceeding:
0 V a.c. single-phase or d.c. supply,

3V a.t. 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 2000 m above sea level,
primarily in dry locations and in regions with moderate or tropical climates.

For apparatus with—pretection-against-splashing-water

intended for outdoor use, additional

are given in annex A.

requirements

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 2000 m above
sea level, additional requirements may be necessary.

Requirement
special condi

1.1.4 For ap
connected to
to IEC 60664

For apparatu
protection m3

1.1.5 This st
in the relevar

— apparatus falling within the scope of IEC 60950,

di

prlojectors not mentioned in 1.1.1,(for example film projectors, slide projectors, o

5, additional to those specified In this standard, may be necessary for apparaiu
fions of use.

a mains supply with transient overvoltages not exceeding overvoltage categor
-1.

S subject to transient overvoltages exceeding those for gvervoltage category
ly be necessary in the mains supply of the apparatus.

Andard does not apply to the following apparatusyexcept where this standard
t standard:

Ctation apparatus,

5 intended for

paratus designed to be fed from the mains, this standard applies to apparatus iptended to be

Il according

11, additional

is referenced

verhead

projeftors, epidiascopes. (See IEC_60335-2-56 [6].)
1.1.6 DU Certain apparatus covered by the requirements in this standard are also requitled to comply
with applicable requirements in. other appropriate standards because of their intended end use

applications ¢r environmental eenditions.

1.1.6 revised August 15, 2001
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1.2 DC Normative references
1.2 revised October 25, 2006

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this International Standard. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements based on this International
Standard are encouraged to investigate the possibility of applying the most recent editions of the
normative documents indicated below. Members of IEC and ISO maintain registers of currently valid

International

Standards.

IEC 60027 (all parts), Letter symbols to be used in electrical technology

IEC 60038:1§

IEC 60068-2

IEC 60068-2

IEC 60068-2

IEC 60068-2

HEC-600685:1

IEC 60112:14
materials und

D83, IEC standard voltages
3:1969, Environmental testing — Part 2: Tests — Test Ca: Damp heat, steady 3
6:1995, Environmental testing — Part 2: Tests — Test Fc: Vibration-(sinusoidal,
32:1975, Environmental testing — Part 2: Tests — Test Ed: Free fall (Procedur
75:1997, Environmental testing — Part 2-75: Tests — Test)Eh: Hammer tests

’ [ . | classifieation-of-electical insulati

79, Method for determining the comparative and the proof tracking indices of s
er moist conditions

ptate

%)

1)

plid insulating

IEC 60127 (dll parts), Miniature fuses

IEC 60167:1p64, Methods of test for the détermination of the insulation resistance of s@lid insulating
materials

IEC 60227 (dll parts), Polyvinyl chloride insulated cables of rated voltages up to and includipng 450/750 V
HEC-60245 (ghpartsy—Rubberdnstiated-cables—Rated-voltages-tp-to-and-including450/736-V

IEC 60249-2|(all specifications), Base materials for printed circuits— Part 2: Specifications

IEC 60268-111985, .Sound system equipment — Part 1: General

IEC 60317 (dllparts), Specifications for particular types of winding wires

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

IEC 60335-1:1991, Safety of household and similar electrical appliances — Part 1: General requirements

IEC 60384-1:1982, Fixed capacitors for use in electronic equipment — Part 1: Generic specification
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IEC 60384-14:1993, Fixed capacitors for use in electronic equipment — Part 14: Sectional specification:
Fixed capacitors for electromagnetic interference suppression and connection to the supply mains.
Amendment 1 (1995)

IEC 60417 (all parts), Graphical symbols for use on equipment, Index, survey and compilation of single

sheets

IEC 60454 (all parts), Specifications for pressure-sensitive adhesive tapes for electrical purposes

IEC 60536:1976, Classification of electrical and electronic equipment with regard to protection against

electric shoci

IEC 60664-1
requirements

IEC 60664-3
coatings to a

HEC-60691:1
IEC 60695-2

IEC 60707:1
materials wh

IEC 60730 (3
IEC 60738 (3

IEC - 60825-11
gtide
IEC 60884 (4

IEC 60885-1
and wires for

IEC 60906 (3

1992, Insulation coordination for equipment within low-voltage systems-~Part|
and tests

1992, Insulation coordination for equipment within low-voltagécsystems — P
chieve insulation coordination of printed board assemblies

93, in ) [ I .
2:1991, Fire hazard testing — Part 2: Test methods ~ Section 2: Needle flame

D81, Methods of test for the determination 6f \the flammability of solid electr
bn exposed to an igniting source

Il parts), Automatic electrical controls;for household and similar use

Il parts), Directly heated positive step-function temperature coefficient thermis

1993, Saf y o nssification. .

Il parts), Plugs and socket-outlets for household and similar purposes

1987, Electrical test methods for electric cables — Part 1: Electrical tests for
voltagesdupto and including 450/750 V

Il parts); IEC system of plugs and socket-outlets for household and similar pu

1: Principles,

art 3: Use of

test

cal insulating

ors

cables, cords

poses

IEC 60950:1991,—Safety of imformatiorr techrotogy €q

TIpTTTETT

.....

IEC 60998-2-2:1991, Connecting devices for low voltage circuits for household and similar purposes— Part
2-2: Particular requirements for connecting devices as separate entities with screwless-type clamping
units

IEC 60999:1990, Connecting devices — Safety requirements for screw-type and screwless-type clamping
units for electrical copper conductors

IEC 61032:1990, Test probes to verify protection by enclosures
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IEC 61149:1995, Guide for safe handling and operation of mobile radio equipment

IEC 61260:1995, Electroacoustics — Octave-band and fractional-octave-band filters

IEC 61293:1994, Marking of electrical equipment with ratings related to electrical supply — Safety

requirements

ISO 261:1973, ISO general purpose metric screw threads — General plan

ISO 262:1973, ISO general purpose metric screw threads— Selected sizes for screws, bolts and nuts

ISO 306:199

L, Plastics — Thermoplastic materials — Determination of Vicat softening temp

ISO 7000:1989, Graphical symbols for use on equipment — Index and synopsis

UL 50, Enclo

UL 746C. Pg

UL 746D, Po

UL 796. Prin

UL 817, Cord

UL 873, Tem

sures for Electrical Equipment
for Flammability of Plastic Materials for Parts in Devices and’Appliances
ded Insulating Tubing
ow Voltage Fuses — Part 14: Supplemental Fuses
Strial Control Equipment
vinyl Chloride, Polyethylene and Rubber Insulating Tape
ymeric Materials — Long Term. Rroperty Evaluations
ymeric Materials — Use id-Electrical Equipment Evaluations
ymeric Materials — kabricated Parts
ed Wiring Boards
Sets and Power-Supply Cords

perature-Indicating and -Requlating Equipment

prature (VST)

UL 1020, Thermat—Cutoffs for Useim Efectrical Apphiarces arnd COnmponerts

UL 1054, Special-Use Switches

UL 1310, Class 2 Power Units

UL 1414, Across-The-Line, Antenna-Coupling., and Line-By-Pass Capacitors for Radio- and
Television-Type Appliances

UL 1416, Overcurrent and Overtemperature Protectors for Radio- and Television-Type Appliances

UL 1417, Special Fuses for Radio- and Television-Type Appliances
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UL 1434 , Thermistor-Type Devices

UL 1441 . Coated Electrical Sleeving

UL 1446 , Systems of Insulating Materials — General

UL 1577 , Optical Isolators

UL 1598 . Luminaires

UL 1950 Third Edition ., Information Technology Equipment

UL 2111 . O

UL 60601-1

UL 60730-2

erheating Protection ror Motors

Medical Electrical Equipment, Part 1: General Requirements for Safety

9 . Automatic_Electrical _Controls for Household and Similar \Use; Part

2: Particular

Requirement

UL 60950 . S

UL 61058-1

5 for Temperature Sensing Controls
afety of Information Technology Equipment

Switches for Appliances

UL 61965 . Mechanical Safety for Cathode Ray Tubes

2 Definitions

For the purpq

se of this International Standard, the;following definitions apply.

2.1 DU Defipitions in alphabetical order

ACCESSIBLE 2.8.3
ACCESSORY 2.8.13
ALL-POLE MAINS|SwWITCH 2.7.11
AUDIO AMPLIFIER 2.2.1
AVAILABLE POWHR 2.3.7
BASIC INSULATION 2.6.3
BY HAND 2.8.4
CLASS | 2.6.1
CLASS I 2.6.2
CLEARANCE 2.6.11
CONDUCTIVITY CONNECTED TO THE MAINS 2.4.4
CONDUCTIVE PATTERN Z2.7.13
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 ENCLOSURE 2.8.10
HAZARDOUS LIVE 2.6.10
IMAGERY 2.2.8

INSTRUCTED PERSON

2.8.6
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ISOLATING TRANSFORMER 2.7.1
LASER 2.2.7
LASER SYSTEM 2.2.6
LOAD TRANSDUCER 254
MAINS 2.4.1
MAJOR _ENCLOSURE PART 2.8.12
MANUALLY OPERATED MECHANICAL SWITCH 2.7.10
MACRO-DISCONNECTION 2.7.7
NOISE SIGNAL 2.5.2
NON-CLIPPED OUTPUT POWER 2.3.4
OPERATING VOLTAGE 2.3.2
PERMANENTLY CONNECTED APPARATUS 2.4.2
PINK NOISE 2.5.1
PORTABLE APPARATUS 2.2.10
POTENTIAL IGNITION SOURCE 2.8.11
PRINTED BOARD 2.7.12
PROTECTIVE EARTH TERMINAL 2.4.6
PROTECTIVE SCREENING 2.6.8
PROTECTIVE SEHARATION 2.6.7
PTC-S THERMISTIOR 2.7.8
RATED CURRENT| CONSUMPTION 2.3.6
RATED LOAD IMHEDANCE 2.3.5
RATED SUPPLY OLTAGE 2.3.1
REINFORCED INSJULATION 2.6.6
REMOTE CONTRQL 2.2.9
RIPPLE FREE 2.3.3
ROUTINE TEST 2.8.2
SAFETY INTERLOKCK 2.79
SEPARATING TRANSFORMER 272
SKILLED PERSO 2.8.5
SOURCE TRANSIUCER 2.5.3
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SPECIAL SUPPLY APPARATUS 2.25
STAND-BY 2.8.8
STATIONARY_APPARATUS 2.4.8
SUPPLEMENTARY INSULATION 2.6.5
SUPPLY APPARATUS 2.2.3
SUPPLY APPARATUS FOR GENERAL USE 2.2.4
TELECOMMUNICATION NETWORK 2.4.7
TERMINAL 2.45
THERMAL CUT-OUT 2.7.4
THERMAL LINK 2.7.5
THERMAL RELEASE 2.7.3
TOUCH CURRENT 2.6.9
TRANSPORTABLE APPARATUS 2.2.11
TRIP-FREE Z.7.0
TYPE TEST 2.8.1
USER 2.8.7
WOOD-BASED MATERIAL 2.8.9

2.2 Types of|apparatus

221
AUDIO AMPLIFIER

either an indg¢pendent audio signal amplifying apparatus or the audio signal amplifying part
apparatus to which this standard applies

222
ELECTRONIC MU$ICAL INSTRUMENT

electronic apparatus such as an electronic organ, elec¢ttonic piano or music synthesizer tha
music under the control of the player

2.2.3
SUPPLY APPARATUS

apparatus which takes power from the mans and from which one or more other apparatus g

224
SUPPLY APPARATUS FOR GENERAL USE

suppLY APPARATUS Which can belused without special measures not only for the supply of apg
the scope of this standard, but also for the supply of other appliances or devices, for exam

calculators

2.2.5
SPECIAL SUPPLY| APRARATUS

of an

produces

re fed

aratus within
ble pocket-

suppLY ApPARATUSWhiIch is designed to be used only for the supply of specified apparatus within the

scope of this standard

2.2.6
LASER SYSTEM

LASER in combination with an appropriate laser energy source with or without additional incorporated

components (see 3.44 of IEC 60825-1)
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2.2.7
LASER

device which can be made to produce or amplify electromagnetic radiation in the wavelength range
from 180 nm to 1 mm primarily by the process of controlled stimulated emission (see 3.36 of IEC

60825-1)

2.2.8
IMAGERY

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

2.2.9

REMOTE CONTROL

controlling of
means of rad

2.2.10
PORTABLE APPA
specific appa

2.2.11
TRANSPORTABLHE
apparatus sp

2.3 Ratings and electrical values

231

RATED SUPPLY
supply voltag
manufacturer

232
OPERATING VOL]

highest voltage, non-repetitive transiénts being disregarded, to which the insulation under ¢

is, or can be
operating cof

2.3.3

RIPPLE FREE
d.c. voltage
maximum pe

an apparatus from a distance, for example mechanically, electrically, acousiic
jation

RATUS
ratus designed to be carried easily sy HanD, the mass of which does not excee)

APPARATUS
pcifically designed to be moved frequently from placeto place

OLTAGE
e or voltage range (for three-phase supply, the line-to-line voltage) for which t
has designed the apparatus

AGE

subjected when the @pparatus is operating at its RATED supPPLY VOLTAGE Under ng
ditions

vith a r.m.s. value of a ripple content of not more than 10% of the d.c. compor
hk voltage does not exceed 140 V for a nominal 120 V ripple free d.c. system

not exceed 7

hlly or by

d 18 kg

ne

pnsideration
rmal

ent. The
and does

D.\V\for a nominal 60 V ripple free d.c. system

2.3.4

NON-CLIPPED OUTPUT POWER
sine-wave power dissipated in the raTeD LoAD IMPEDANCE, measured at 1000 Hz at the onset of clipping on
either one, or both peaks

In cases where an amplifier is not intended for operation at 1000 Hz, a test frequency at the peak
response shall be used

235

RATED LOAD IMPEDANCE
resistance, specified by the manufacturer, by which an output circuit should be terminated
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2.3.6

RATED CURRENT CONSUMPTION
current consumption of an apparatus operating at its RATED suppLY voLTAGE under normal operating

conditions

2.3.7

AVAILABLE POWER
maximum power which can be drawn from the supplying circuit through a resistive load whose value is
chosen to maximize the power for more than 2 min when the circuit supplied is disconnected (see figure

1)

2.4 Supply and external connections

24.1
MAINS
power source

supply appar

2.4.2
PERMANENTLY G
apparatus wh
HAND

2.4.3

DIRECTLY CONN
electrical con
that connecti
being not shq

NOTE

2.4.4
CONDUCTIVELY
electrical con
either pole of
apparatus noj

2.4.5
TERMINAL

part of an ap
contain seve

with a nominal voltage of more than 35 V (peak) a.c or d.c. which issnot usec
htus specified in 1.1.1

ONNECTED APPARATUS
ich is intended for connection to the mains by a connectién which cannot be lo

CTED TO THE MAINS

hection with the mains in such a way that a €onnection to either pole of the mai
DN a permanent current equal to or greater than 9 A, protective devices in the
rt-circuited

— A current of 9 A is chosen as the minimum breaking current of a 6 A fuse.

ONNECTED TO THE MAINS

nection with the mains_ in such a way that a connection through a resistance of
the mains causes-ifinthat resistance a permanent current greater than 0.7 mA
t being connected-to earth

barattis by which connection is made to external conductors or other apparatu
al contacts

solely to

psened sy

s causes in
apparatus

2000 Q to
peak), the

S. It may

2.4.6

PROTECTIVE EARTH TERMINAL
TERMINAL t0 Which parts are connected which must be connected to earth for safety reasons
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2.4.7

TELECOMMUNICATION NETWORK

metallically-terminated circuit intended to carry TeLecommunicATION sIGNALS for voice, data or other
communication. Such networks may be publicly or privately owned. They may be subjected to
overvoltages due to atmospheric discharges and power line failures

NOTE - It is assumed that adequate measures according to ITU-T Recommendation K.11 have been taken to reduce the
risk that over-voltages presented to apparatus exceed 1.5 kV (peak).

Excluded are:

— wmains systems for supply, transmission and distribution of electrical power, used as
telechmmunicafion transmission medium,

— TV distribution systems using cable;
— public or private mobile radio systems;
— rgdio paging systems.
2.48 DU
STATIONARY APHARATUS

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

2.4.8 revised June 2352000
2.5 Signals, pources, loads

251
PINK NOISE
NOISE SIGNAL Whose energy per unit bandwidth (AW/Af) is inversely proportional to frequency

25.2

NOISE SIGNAL
stationary rapdom signal havipgynormal probability distribution of instantaneous values. Unless
otherwise stgted, the mean {alte is zero

253
SOURCE TRANSOUCER
apparatus intended.to convert the energy of a nonelectrical signal to electrical energy

NOTE — Examples are microphone, image sensor, magnetic reproducing head, laser-pickup.

254
LOAD TRANSDUCER
apparatus intended to convert the energy of an electrical signal into another form of energy

NOTE — Examples are loudspeaker, picture tube, liquid crystal display, magnetic recording head.
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2.6 Protectio

26.1
CLASS |

n against electric shock, insulations

design in which protection against electric shock does not rely on sasic iNnsuLaTion only, but which
includes an additional safety precaution in such a way that means are provided for the connection of
AccessiBLE conductive parts to the protective (earthing) conductor in the fixed wiring of the installation, in
such a way that accessieLe conductive parts cannot become Hazarbous Live in the event of a failure of the

BASIC INSULATIO

NOTE

N (see 3.2 of IEC 60536)

— Such a design may have parts of cLass .

2.6.2

CLASS I
design in whi
additional sat
no provision

2.6.3
BASIC INSULATIQ
insulation ap

NOTE]

2.6.4

DOUBLE INSULA':I:-ION

insulation co

2.6.5

SUPPLEMENTAR
independent
shock in the

2.6.6
REINFORCED INS
single insulat

shock equivajent to bouBLENNSULATION

NOTE
INSULAT|

ch protection against electric shock does not rely on Basic iNsuLATION onjyDbut i
ety precautions, such as pouBLE INSULATION OF REINFORCED INSULATION, are~provided
or protective earthing or reliance upon installation conditions (see 8.3 of IEC ¢

N

blied to HAzARDOUS LIVE parts to provide basic protection,against electric shock

— BAsic INsuLATIoN does not necessarily include insulation used¢excldsively for functional purposes.

prising both Basic insuLaTion and supPLEMENTARY INsULATION (See 2.3 of IEC 6053

INSULATION

bvent of a failure of the sasicinsuLaTion (see 2.2 of IEC 60536)

ULATION
on applied to WAzarbous Live parts which provides a degree of protection again

— REINFORGED! INSULATION May comprise several layers which cannot be tested singly as sasic iNsuLATIO
ON.

N which
, there being
0536)

nsulation applied in addition.to Basic INsuLATiON in order to provide protection against electric

5t electric

OI SUPPLEMENTARY

2.6.7

PROTECTIVE SEPARATION
separation between circuits by means of basic and supplementary protection (easic INsuLaTioN plus
SUPPLEMENTARY INSULATION OF pPlUS PROTECTIVE SCREENING) OF by an equivalent protective provision, for

example reiNFORCED INsuLATION (See 2.9 of IEC 60536-2)

2.6.8

PROTECTIVE SCREENING
separation from Hazarpous LIVE parts by means of an interposed conductive screen, connected to the
PROTECTIVE EARTH TERMINAL
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2.6.9
TOUCH CURRENT

current which passes through the human body when it touches one or more accessisLe parts of an
apparatus under normal operating or fault conditions

2.6.10
HAZARDOUS LIVE

electrical condition of an object from which a hazardous ToucH current (electric shock) could be drawn

(see 9.1.1)

26.11
CLEARANCE

shortest distd

2.6.12
CREEPAGE DISTA
shortest distg

2.7 Compon

271
ISOLATING TRAN
transformer v

2.7.2
SEPARATING TRA
transformer, {
INSULATION.

NOTE

2.7.3

THERMAL RELEA
device which
apparatus by

NOTE
2.7.4

THERMAL CUT-O
THERMAL RELEA

nce In air between two conductive parts

PNts

BFORMER

bE

UT
e With reset which has no provision for temperature setting by the user

NCE
nce along the surface of an insulating material between two conductive parts

ith PROTECTIVE SEPARATION between the input and output windings.

NSFORMER
he input windings of which are separated.from the output windings by at least

— Such transformers may have parts meeting the requirements Of ISOLATING TRANSFORMERS.

prevents the maintenance of excessively high temperatures in certain parts ot
disconnecting these parts from their supply

— PTC-S THERMISTORS {S€e 2.7.8) are not THerMAL RELEASES in the sense of this definition.

NOTE

2.7.5
THERMAL LINK

— A THERMAL cuT-ouT may be of the automatic or of the manual reset type.

BASIC

the

THERMAL RELEASE Without reset, which operates only once and then requires partial or complete

replacement

2.7.6

TRIP-FREE

automatic action, with a reset actuating member, so designed that the automatic action is independent
of manipulation or position of the reset mechanism
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2.7.7

MICRO-DISCONNECTION
adequate contact separation so as to ensure functional security

NOTE — There is a requirement for the dielectric strength of the contact gap but no dimensional requirement.

2.7.8
PTC-S THERMIST

OR

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

2.7.9

SAFETY INTERLOQO
means either
removing the

2.7.10

MANUALLY OPER]
device opera]
apparatus, w

NOTE]
switch

2.7.11

ALL-POLE MAINS
MANUALLY OPER)
earth conduc

2.7.12
PRINTED BOARD
base materia

2.7.13
CONDUCTIVE PA
configuration

2.8 Miscellar

CK
of preventing access to a hazardous area until the hazard is removed or of a
hazardous condition when access is gained

IATED MECHANICAL SWITCH
ed sy HAND, not incorporating semiconductors, and situateéd anywhere in the ci
hich can interrupt the intended function, such as sound and/or vision by movin

— Examples of MANUALLY OPERATED MECHANICAL SwiTCHES are singlespole or ALL-poLE MAINS swiTcHES, functio

ng systems which for example can be a combination of ¥elays and switches controlling the relays|

SWITCH
WTED MECHANICAL switcH wWhich interrupts all poles of the mains supply except the
for

cut to size, containing -all needed holes and bearing at least one conpucTivE P

TERN
formed by electrically conductive material of a PRINTED BOARD.

eous

itomatically

rcuit of the
g contacts

hal switches and

protective

NTTERN

28.1
TYPE TEST

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

requirements

2.8.2
ROUTINE TEST

of this standard

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

possibility of touching by the test finger according to tE€C-61032,test-probe-B the articulated finger
probe with web stop as shown in figure 14.

NOTE — Any accessisLe area of a non-conductive part is considered as being covered with a conductive layer (see figure

3 as al

2.8.4
BY HAND

n example).

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

2.85

SKILLED PERSO
person with
risks which e

2.8.6
INSTRUCTED PER

person adeqliately advised or supervised by skiLLeED PERsONs to enable him-or her to avoid d

to prevent ris

2.8.7
USER

any person, ¢ther than a skiLLED PERSON OF @n INSTRUCTED PERSEN, Who can come into contact

apparatus

2.8.8

STAND-BY
operating cof
the apparatu
maintained a
or automaticy

2.8.9
WOOD-BASED M
material in w

NOTE
chip b

levant education and experience to enable him or her to avoid dangerstand t
ectricity may create

SON

ks which electricity may create

dition where the main functions{such as sound and/or vision, are switched-of]
5 is only partly in operation. in_this condition, permanent functions, such as a g
hd it allows the apparatus.to-be brought into full operation, for example by rem

ly

TERIAL
nich the mainvingredient is machined natural wood, coupled with a binder

— Examples of woop-sasep mMATERIAL are materials incorporating ground or chipped wood, such as hg
bard

D prevent

angers and

with the

and where
lock are
ODTE CONTROL

rd fibre board or

2.8.10

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

28.11
POTENTIAL IGNIT

ION SOURCE

a possible fault such as a faulty contact or interruption in an electrical connection, including a conobucTive
PATTERN ON PRINTED BOARDS, Which can start a fire if, under normal operating conditions, the open circuit
voltage exceeds 50 V (peak) a.c. or d.c. and the product of this open circuit voltage and the measured
current through this possible fault exceeds 15 VA
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2.8.12 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

2.8.13 DU
ACCESSORY

a part intended for use with an apparatus when it is packed with the apparatus. when it is referenced by
the manufacturer’s name and catalog number in an apparatus marking, or when the apparatus
manufacturer’s literature indicates or implies use of the accessory by manufacturer’s name and catalog
number with the apparatus

3 General refquirements

3.1 The apppratus shall be so designed and constructed as to present no danger\when used for its
intended purpose, either in normal operating conditions or under fault conditionsy particularly providing
protection agpinst:

hazardous currents passing through the human body (electric-shock);
— eXcessive temperatures;

— hazardous radiations;

— effects of implosion and explosion;

— mechanical instability;

— injury by mechanical parts;

— sthart and spread of fire.

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

NOTE]|- Australia has special requirements with respect to d.c. components in the equipment neutral cdnductor.

3.2 Apparatys designed-to be fed from the mains shall be constructed according to the requirements of
CLASS I, O CLASS Il apparatus.
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4 General test conditions
4.1 Conduct of tests

4.1.1 Tests according to this standard are Tvpe TESTS.

NOTE — For routine TEST, recommendations are given in annex N.
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4.1.2 The sample or samples under test shall be representative of the apparatus the user would receive,
or shall be the actual equipment ready for shipment to the user.

As an alternative to carrying out tests on the complete apparatus, tests may be carried out separately on
circuits, components or sub-assemblies outside the apparatus, provided that inspection of the apparatus
and circuit arrangements ensures that such testing will indicate that the assembled apparatus would
conform to the requirements of this standard.

If any such test indicates a likelihood of non-compliance in the complete apparatus, the test shall be
repeated in the apparatus.

If a test specified in this standard could be destructive, it is permitted to use a physical model to represent
the condition[to be evaluated.

NOTE]|1 — The tests should be carried out in the following order:

— component or material pre-selection;

component or sub-assembly bench tests;

tests where the apparatus is not energized;

live tests:

< under normal operating conditions,
« under abnormal operating conditions,
« involving likely destruction.

NOTE]|2 - In view of the amount of resources jnvolved in testing and in order to minimize waste, it is refommended that
all parfies concerned jointly consider the test programme, the test samples and the test sequence.

4.1.3 Unless| otherwise specified, the tests are carried out under normal operating conditions at:
— anlambient temperatare*between 15°C and 35°C, and
— a felative humidity-0f 75% maximum.

4.1.4 Any pdsition of intended use of the apparatus, normal ventilation not being impeded.

The temperajuremeasurements shall be carried out with the apparatus positioned in accordance with the
instructions foruse provided by the manufacturer, orin the absence of instructions, the apparatus shall
be positioned 5 cm behind the front edge of an open-fronted wooden test box with, 1 cm free space along
the sides and top, and 5 cm depth behind the apparatus.

Tests on apparatus, intended to be part of an assembly not provided by the apparatus manufacturer, shall
be carried out according to the instructions for use provided by the manufacturer, specifically those
dealing with the proper ventilation of the apparatus.

4.1.5 The characteristics of the supply source, except those specified in 4.2.1, used during the tests shall
not appreciably influence the test results.

Examples of such characteristics are source impedance and waveform.


https://ulnorm.com/api/?name=UL 6500 2013.pdf

32

UL 6500

JUNE 27, 2001

4.1.6 Where relevant, a standard signal consisting of pink noise, band-limited by a filter whose response
conforms to that given in C.1 in annex C.

NOTE

— If appropriate, the standard signal may be used to modulate a carrier wave.

The output measuring equipment shall indicate true r.m.s. values for crest factors up to at least 3, and the
frequency response shall conform to that shown in annex C.

4.1.7 The a.c. values given in this standard are r.m.s. values, unless specified otherwise.

The d.c. valu

es given in this standard are riprLE FREE values.

4.2 Normal d

perating conditions

Normal operating conditions are the most unfavourable combination of the following-canditi

421 DU T
SUPPLY VOLTAG

In case of dg
For apparatu.
the apparatu
of any RrRatep
within the raf
Any rated su
For a.c./d.c.

For d.c. supq

NOTE

e apparatus is connected to a supply voltage of 0.9 times or 1:06)1.1 times
= for which the apparatus is designed.

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

5 having a RATED SUPPLY VOLTAGE range not requiring the.adjustment of a voltage 3
b /S connected to a supply voltage of 0.9 times thedower limit or 66 1.1 times 1
SUPPLY VOLTAGE range; moreover, the apparatus~is, connected to any nominal §
ED SUPPLY VOLTAGE range marked on the apparatus.

bply frequency marked on the apparatus™s used.

hpparatus, an a.c. or d.c. supply is\used.

ly any polarity is used, unless_this is prevented by the construction of the app

— In the U.S. the ratep suppLYwolTace for single phase apparatus is assumed to be 120 V or 120/3

ons.

of any RATED

etting device,
he upper limit
Lpply voltage

aratus.

40 V.

4.2.2 Any pd
CONTROLS, €X(

Any cable co
or not.

sition of controls~which are accessisLe to the user for adjustment sy HAND, iNg
luding voltage Getting devices complying with 14.8 and volume controls and tg

nnected REMOTE conTroL device, detachable by a connector or a similar device,

A cover, enc

uding remoTe
ne controls.

is connected

0SNG a LAser sysTem, which can be opened sy HanD, is opened fully, opened pa

rtly or closed.

4.2.3 In the case of single-phase supply any earth TerviNAL @nd any PROTECTIVE EARTH 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 TerviNnAL @nd any PROTECTIVE EARTH TERMINAL IMay
be connected to the neutral or to any phase of the isolated supply source used during the test.
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4.2.4 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 but not less than 0.5 W per channel to the raTeD LoAD IMPEDANCE USINg the standard signal
described in 4.1.6 with the tone controls set to their mid position.

Where the non-cLiPPED ouTPUT POWER cannot be obtained using the standard signal, one-eighth of
the maximum attainable output 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 -3dB response
points of the relative part of the apparatus may be used to supply each channel. If the result of

a measurement performed with the sine wave does not comply with this standard, the

meag

If the

urement with pink noise IS decisive.

maximum NON-CLIPPED oUTPUT POWER IS _less than 0.5 W, the apparatus is\to) be

operated at

the miaximum NON-CLIPPED QUTPUT POWER.

Whe

1 a redundant protection circuit, THERMAL cuT-ouT With automatic feset, or prc-s 1

HERMISTOR

operates while the apparatus is delivering one-eighth of the non-cliepED oUTPUT POWE
MPEDANCE, the output power is to be reduced to the maximuhy’power that perm
lhuous operation of the apparatus.

h determining whether a part or output TERMINAL CQAtaCt iS HAZARDOUS LIVE &CCOI(

11.1, atthe-mantfacturers-option-the apparatusmay-alse shall be operated

th a sinusoidal input test signal of 1 kHz or where applicable, another frequen

R [0 the RATED
jts

ing to 9.1.1
-stich-a-way

cy

sponding to the geometric mean of the uppéer and lower -3dB response points

of the

ant amplifier part of the apparatus, sufficient in amplitude for the apparatus to
MUIM NON-CLIPPED OUTPUT POWER INtO RS RATED LOAD IMPEDANCE HSHRg-a-SiRtSeid

Af tHha

ralovant 4
recrecvarit

deliver the
: .

I J—> Ay annthayr fraiinnay, anrracnnadina +tn tha mid fraoniinanay,
20 anourermequCiCy  COmespunairg totriCTra-meqaeriCy—oruirc

of th¢-apparatus. Open-circuit outputcvoltage is determined after the load is remove

c) (@
comlj
tabs

For A
conti
to thq

'he most unfavourable rareEn-ioaD MPEDANCE OF any output circuit is connected d

Drgans or similar insttcuments which have a tone-generator unit are operated w
ination of two bass pedal keys, if any, and ten manual keys depressed, and &
Which can incréase the output power are activated.

UDIO AMPLIEIERS USEd in an ELECTRONIC MUSICAL INSTRUMENT Which does not generatg
huous.tone, the standard signal described in 4.1.6 is applied to the signal inpU
b appropriate input stage of the Aubio AMPLIFIER.

4.2.4 revised September 9, 2002

ith any
Il stops and

P a
{ TERMINAL OF

4.2.4.1 DR The measured input power or current shall not exceed the marked input rating by more than
5% when the apparatus is operated to produce maximum power input under normal operating conditions.

4.2.4.2 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 fo produce the maximum power input.
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4.2.5 For apparatus incorporating motors, load conditions for the motor are chosen which may occur
during intended use, including stalling sy Hanp If this is possible.

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

4.2.7 A suppLy APPARATUS t0 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.

4.2.8 In addition for Citizen’s Band apparatus, the rATED LoAD IMPEDANCE IS connected or not to the antenna
TERMINAL OF, if applicable, a telescopic antenna extended to any length. The transmitting test conditions are

specified in IEC 61149.

4.2.9 Antenrfa positioners

4.2.9.1 In addition for antenna positioners in combination with their control and suprry~APPAS

— fo
— 15

The movemd
For temperaf]
of temperatu

After the la
measuremen

4.2.9.2 In aag
a motor drive
and operateq

4.2.10 Appa
manufacture
voltage for th

Where a volt

adjusted to the ratep surplx voLTAGE Of the apparatus under test.

4.2.11 Appa
power supply
The values (

r consecutive movements from one endstop to the opposite endstop;

min resting period.

nts and the resting period are repeated as many times as necessary for the
Lire measurements the movements and the resting periods are repeated until é

e has been reached but not longer than 4 h.

5t movement period, the 15 min resting ‘period does not apply to the
[S.

dition, for satellite antenna positioners-consisting of a power supply and contr
system, the power supply unit shalkbe loaded in accordance with the markea
with a duty cycle of 5 min on, .and 15 min off.

atus designed to be suppliéd exclusively by a SPECIAL SUPPLY APPARATUS SPE€

€ SPECIAL SUPPLY APPARATUS IS determined in accordance with 4.2.1.

hge setting devicefor the output voltage of the sPECIAL SUPPLY APPARATUS IS provid

atus, which can be supplied by suppLy APPARATUS FOR GENERAL USE, Shall be supf
according to table 1 corresponding to the raTep suppLy voLTAGE Of the apparat

of the apparatus, shall_be tested together with this speciAL SUPPLY APPARATUS.

PATUS

elevant tests.
@ steady state

temperature

b/ unit without
output rating

cified by the
The supply

ed, it shall be

lied by a test
IS under test.

pf.noload voltage given in table 1 are subject to the under- and over-volta

ge provisions

specified in

L. L.

4.2.12 Apparatus intended to be used with optional detachable legs or stands supplied by the
manufacturer of the apparatus are tested with or without legs or stands fitted.
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Table 1 DU — Test power supply

RATED SUPPLY VOLTAGE Nominal no-load voltage Internal resistance
V ee V ee Q
15 225 1.60 875 0.003
3.0 450 3.19 456 0.006
4.5 675 4.79 225 0.010
6.0 960 6.39 3-06 0.013
7.5 1125 7.98 3-#5 0.016
9.0 13560 _5 456 0.019
12.0 1860 1 600 0.026
NOTE - Table 1 provides a standardized set of supply parameters intended to represent these-feunair-suPPrrAPPARATUSFOR
eENERACUSE-RHHieFange—1-5-V-to-12-V-and-with-arated-output-eurrent-of-1-A a 30 A minimum supply source with|6 percent
requlation.

4.3 Fault co

nditions

For operation] under fault conditions, in addition to the normal operating conditions mentionef in 4.2, each
of the followipg conditions is applied in turn and, associated with it, thosé.other fault conditipns which are

a logical consequence.

NOTE|1 — The logical consequences of a fault condition are those whjch/occur when a fault is applied
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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 of a test circuit to measure the voltage and the current is given in figure 1.

NOTE 2 — Examination of the apparatus and all its circuit diagrams, excluding the internal circuit diagrams of integrated

circuits, generally shows the fault conditions which are likely to create a hazard and which need to be applied. These are
applied in sequence, in the order which is most convenient.

NOTE 3 — When carrying out the examination in note 2, the operating characteristics of integrated circuits are taken into

consid

NOTE
will inf
When a speg
or short circy
times with re

not be the c3
applied toget

4.3.1 Short-q
clause 13 fo

4.3.2 Short-
infringement
the exceptior
NOTE|
4.3.3 Short-(
— he
— ing
— Sp

— S€

eration.

4 — The fault tests are only to be made in the wooden test box mentioned in 4.1.4, if there\is a p
uence the results.

fied fault condition test is carried out, it can cause consequentialcfatlts which €
it a component. In case of doubt, the fault condition test shall be repeated uf
blacement components in order to check that the same result-is always obtaine
se, the most unfavourable consequential fault, whether interruption or short ¢
her with the specified fault condition.

ircuit across cLearances and creepAGe pisTANCESNE they are less than the valug
BASIC and SUPPLEMENTARY INSULATION.

bircuit across parts of insulating material, the short-circuiting of which mig

of the requirements regarding protection against electric shock hazard or ove
of insulating parts which comply with the requirements of 10.3.

— This subclause does not imply asieed to short-circuit the insulation between turns of coils.
ircuit, or if applicable, interruption of:

aters of electronie~ttibes;

ulation betweéen heaters and cathodes of electronic tubes;

acings. in electronic tubes, excluding picture tubes;

miconductor devices, one lead at a time interrupted or any two leads connectd

ssibility that this

ither interrupt

to two more
0. Should this
rcuit, shall be

s specified in

tht cause an
rheating, with

d together in

turn

but see 432 ))

NOTE - If electronic tubes are so constructed that a short circuit between certain electrodes is highly improbable or even
impossible, the electrodes concerned need not be short-circuited.

4.3.4

DC Short-circuit or disconnection, whichever is more unfavourable, of resistors, capacitors,

windings (for example transformers, degaussing coils), loudspeakers, optocouplers, varistors or non-linear
passive components, the short-circuiting or disconnection of which might cause an infringement of the

requirements

regarding protection against electric shock or overheating.

These fault conditions do not apply to:
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a) resistors complying with the requirements of 14.1 and, as far as applicable, of 11.2;

b) prc-s THERMISTORS complying with HEE€-66738 UL 1434;

c) capacitors and RC-units complying with the requirements of 14.2, provided that the voltage
at their terminations does not exceed their rated voltage and that their application is in
accordance with 8.5 or 8.6;

d) the insulation between the input and output terminations of optocouplers complying with the
requirements of 14.11;

e) windings and the insulation of transformers and other windings mentioned in 14.3 complying

with [he requirements of that subclause.

4.3.5 For apparatus containing an aubio AMPLIFIER, USIing the standard signal describedin 4

deliver the
RATED LOAD IM
TERMINALS incl

43.6 DU M
influences.

Solenoids sh

4.3.7 Motors
continuously

4.3.8 The ag
by the consti

439 DU O
DIRECTLY CONN

circuit.

External main.

st unfavourable output power from zero up to the maximum attainable ‘output
EDANCE Of, if applicable, to the most unfavourable load impedance\connected
iding short-circuit and open circuit.

otors are stalled if this is possible during the use of thecapparatus by intern

hil be tested with the plunger blocked in the de-emergized (at-rest) state.

, relay coils or the like, intended for shorttime or intermittent operation,
if this can occur during operation of the apparatus.

paratus is connected simultaneously e alternative types of supply unless this
Liction.

itput TErRMINALS OF apparatus supplying power to other apparatus, except MAINS
ECTED TO THE MAINS, are coripected to the most unfavourable load impedance, il

b socket-outlets are separately overloaded to 110% of the current rating for the

.1.6 so as to
power to the
to the output

al or external

are operated

is prevented

socket-outlets
icluding short

socket outlet

configuration)

4.3.10 Each
in turn and tqg

group of yentilation openings that are likely to be covered simultaneously, sha
sted séparately.

Il be covered

Ventilating of

enings that are likely to be covered simultaneously are:

— openings on top of the apparatus, for example by a newspaper; or

— openings on the sides and the back, excluding the front, for example when pushed into a

hang

ing curtain.

4.3.11 If it is possible to insert user replaceable batteries with reversed polarity, the apparatus is tested
with one or more batteries with both intended and reversed polarity.

NOTE

— CAUTION, there is a danger of explosion when this test is applied.
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4.3.12 For Citizen’s Band apparatus, the most unfavourable load impedance including short circuit is
connected to the antenna TerminAL OF tO the antenna itself, for example a telescopic antenna, when no
antenna TermiNAL IS provided. The transmitting test conditions are specified in IEC 61149.

4.3.13 DU For rermasteArPPARATYS @pparatus to be supplied from an a.c. mains and provided with a voltage
setting device to be set by the user, connection to a supply voltage of 250 V a.c., with the mains voltage
setting device at the most unfavourable position.

4.3.14 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 td

The test nee
for more tharn

4.3.15 Appa
test power st

St, 4.2.1 1S applied, except that the sPECIAL SUPPLY APPARATUS IS Ted DY IIS RATED, 9|

[ not be made if the current consumption of the apparatus under test eannot
2 min, for example by the operation of a fuse.

atus which can be supplied by suppLy APPARATUS FOR GENERAL UsEcshall be tests
pply as specified in table 1 step by step upwards, starting with.the value one s

value specifi¢d for the raTeD suppLY voLTAGE Of the apparatus under test;

This test is n
RATED SUPPLY

During this te

The test nee
for more thar

4.3.16 DU

ot applied to apparatus having a raTep suppLy voLTAGE €qual to or higher than
OLTAGE In table 1.

0 not be made if the current consumption-of the apparatus under test cannot
2 min, for example by the operation;ef*a fuse.

he battery-supply cord of an.apparatus that is intended to be connected t

st, 4.2.1 is applied, except that the no-load veltages have their nominal value$

UPPLY VOLTAGE.

exceed 0.2 A

bd by using a
tep above the

the maximum

p.

exceed 0.2 A

an_external

battery is to

e short-circuited at any point.onthe load side of the overcurrent protective dev.

ce in the cord

while the cori

iS connected to the batterisupplied with the apparatus or while the cord is ¢

nnected to a

power supply

as identified in table 1 ‘with the output voltage equivalent to the battery voltaqg

e.

5 Markings &

Markings sh{
use.

The informati

nd instructions

Il be permanent, comprehensible and easily discernible on the apparatus w

bn sheuld preferably be on the exterior of the apparatus, excluding the bottom.

permissible
of the botto

nen ready for

t is, however,

location of the marking is given in the instructions for use.

tg haye it in an area that is easily accessisLe BY HAND, for example under a lid, or dn the exterior
'l Of & PORTABLE APPARATUS OT AT apparatus Wit & mass ot eXceeting 7 kg, provided that the

Compliance is checked by inspection and by rubbing the marking sy Hanp for 15 s with a piece of cloth
soaked with water and, at a different place or on a second sample, for 15 s with a piece of cloth soaked
with petroleum spirit. After this the marking shall be legible; it shall not be easily possible to remove
marking plates and they shall show no curling.

Petroleum spirit, to be used for reference purposes is defined as follows:
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The petroleum spirit is an aliphatic solvent hexane having a maximum aromatics content of 0.1% by
volume, a kauri-butanol value of 29, an initial boiling point of approximately 65°C, a dry-point of
approximately 69°C and a specific mass of approximately 0.7 kg/l.

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.

The on-position, and where relevant, the off-position of switches shall be indicated in accordance with
14.6.3.

Compliance is checked by inspection.

5.1 DR DU |dentification and supply ratings
5.1 revised September 9, 2002

Power supplies and adapters complying with the construction and test requirements of UL 1310, UL 1950,
Third Edition] or UL 60950 are considered to fulfill the marking requirementsof’items a thrjough i of this
subclause.

The apparatys shall be marked with the following:
a) miker’s or responsible vendor’'s name, trade mark ¢y identification mark;
b) mjpdel number or type reference;
c) thp symbol for cLass u, if applicable: @ (60417-2-IEC-5172)
d) NOJ'E — Marking for apparatus designed for use ‘in tropical climates is under consideration.

e) Nature of supply:

a.c. only with the symbol: "/ (60417-2-1EC-5032)

d.c. only withnthe symbol: === (60417-2-IEC-5031)

a.c. or.d:c. with the symbol: "~ (60417-2-1IEC-5033)

for_three-phase systems, reference shall be made to IEC 61293.

f) rafED SUPPLY vOLTAGE OF range of the raTeD suppLY voLTAGEs Which can be applied without
operaling a voltage seting device.

Apparatus which can be set to different RATED suPPLY VOLTAGES OF ranges Of RATED SUPPLY 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";

g) Rated mains frequency (or range of frequencies) in hertz. if-safety-is-dependent-on-the-use-of
the-correctmainsfregueney-
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app

aratus. whieh-can-be-suppthed

atrO ay 1o OTv

h) RATED CURRENT consumpTION OF rated power consumption of

U B cl a aAtrv
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i) Power consumption marking for apparatus intended for connection to an a.c. mains supply

other

NOTE

than single phase.

— Details for the measurement of the power consumption are under consideration.

j) 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 minimum 10 year repetition cycle.

K

A distinctive identification to_identi

produced at more than one factory.

the factory of origin, when the same _apparatus is

[) Wihen the enclosure of an apparatus

whic
supp

rovides the user with a_ means for_ access
involve the risk of electric shock. the combination of the two graphical symbg
emental marking — "CAUTION — RISK OF ELECTRIC SHOCK — DO NOD OP

0 parts
Is and the

EN" _

depi

ted in figure 15 shall be provided on at least one surface of the apparatls en

losure

throu

All o
servi

oh which the user gains access to the interior.

er_enclosure surfaces that provide a means for access to the_interior of the &
Cing purposes shall be marked either as indicated in figure 15, or with the gra

pparatus for
hical symbol

depid

m) A

ted in figure 16 adjacent to one of the enclosure fasteners on that surface.

n audio and/or video system consisting of an equipment rack and one or mor:

e audio or

vided

components shall be marked to identify the individual audio and video compd

nent type(s)

and
provi

odel number(s) which have been evaluated‘as’part of the system. The marki
ed on a tag that is permanently attached.tosthe rack. The tag shall be of sub

ng shall be
stantial

mate

fial such as cardboard, cloth, plastic or_the equivalent to provide mechanical s

frength and

to_dis

courage removal. The tag shall have:a hole and be secured to the rack by a

blastic_strap

or_thé

b equivalent. or be provided with adhesive backing and secured to the rack as

a flag. The

tag s

n) A

hall be factory applied and not installed by the user.

paratus having leakage eurrent levels greater than 0.75 MIU and equal to or

ess than 1.5

MIU,

as permitted in 9.1.1. shall be provided with the word "CAUTION" and the foll

owing

markl

ng or equivalent: "TO REDUCE THE RISK OF ELECTRIC SHOCK, GROUNL

ING OF

THE

CENTER PIN OF-THIS PLUG MUST BE MAINTAINED.” The marking shall b

P on a tag

whic
provi

shall be of substantial material such as cardboard. cloth. plastic or the equiv
e mechanical strength and to discourage removal. The tag shall have a hole

hlent to
and be

secu

Compliance

ed to the{cord by a plastic strap or the equivalent.

s checKed by inspection.
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5.2 DR DU TERMINALS

5.2 revised December 19, 2000

TERMINALS Shall be marked as follows:

a) The wiring TerminaL intended for connection of the protective earthing conductor associated
with the supply wiring: © (60417-2-1EC-5019)

This symbol shall not be used for other earthing TERMINALS.

b) TeErRmINALS Which are Hazarpous Live under normal operating conditions, except TeErmiNALs for

MAINS

supply: % (60417-2-IEC-5036)

c) O
with

ow§
perm
SKILLH

Sock
curre)

If the]
the a

d) S

Litput TermINALS provided for supply of other apparatus except mains supply shal
he nominal output voltage and frequency, and, in addition, the maximum-outp

r, unless the tTerminaLs are marked with the type references of the’apparatus w

be marked
Lt current #
H-OEeLHt, Or
hich are

itted to be connected. When intended to be installed or interconaected in the field by a

p person, the Class of wiring shall be marked adjacent to the serminaLs.

bt-outlets providing mains power to other apparatus shall be marked with the p
Nt which may be drawn.

Fe is only one TermiNAL provided for supply of other apparatus, the marking maj
pparatus at any place, taking into account the.first paragraphs of clause 5.

eaker TERMINALS ONn_apparatus, other than-porTaBLE APPARATUS, that is not provid

pwer or

y be put on

ed with

spea

kers and associated wiring shall be provided with a marking adjacent to the 1

RMINALS @S

ident|

The

fied below:

—"Class 1 Wiring"” for TerMinals With a measured open-circuit voltage exceg
rms when delivering nonselIPPED QUTPUT POWER, OF

— "Class 3 Wiring® for TerminaLs with a measured open-circuit voltage exces
rms but not exceeding 300 V rms when delivering NON-CLIPPED QUTPUT POWER,

— "Class . 2:\Wiring" for all other terminals provided the audio output power g
W per<channel under normal operating conditions or the apparatus is inten
installed or interconnected in the field by a skiLLED PERSON

ding 300 V

ding 120 V
| or

xceeds 10
led to be

ppenation manual shall discuss the risks involved. precautions to be taken as well as the
%ﬁm and INsructions as 1o e proper_connectng and insulanng technigues to be

reason for
used when connecting a speaker.

Compliance is checked by inspection.
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5.3 DU 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 skittep person are only required to be explained in
the service instructions. Explanations of required symbols in the operating manual shall precede any
operating instructions.

Where in a manufacturer’s service documentation, for example in circuit diagrams or lists of components,
a symbol is used to indicate that a specific component shall be replaced only by the component specified

in that documentation for safety reasons, the following symbol shall be used: A (ISO 7000-0434).

This symbol may also be put adjacent to the relevant component.

This symbol

Compliance

bhall not be placed on components.

s checked by inspection.

5.4 DU Instfuctions

When Inform
given in a se
installation fg
acceptable tg

The importar

Revised 5.4 effective July 1, 2004

ation with regard to safety is required according to this stahdard. This inform

parate booklet or sheet, or be located before any operating instructions in an
r use and supplied with the apparatus. This information shall be given ir

the country where the apparatus is intended to he used.

t safety instructions shall be entitled "Importaat Safety Instructions”. The fol

ation shall be
nstruction for
a language

owing_safety

instructions 9

hall be included where applicable, and. when used, shall be verbatim as follo

vs. Additional

safety inform

tion may be included by adding statements after the end of the following safg

bty instruction

list. At the n

nanufacturer’'s_option, a_picture _or_drawing _that illustrates the intent of a_ s

ecific_safety

instruction m

1) R

hy be placed immediately adjacent to that safety instruction.

pad these instructions.
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2) Keep these instructions.
3) Heed all warnings.
4) Follow all instructions.
5) Do not use this apparatus near water.
6) Clean only with dry cloth.
7) Do not block any ventilation openings. Install in accordance with the manufacturer’'s
instructions.
8) Dp not install near any heat sources such as radiators. heat reqgisters, stoves, 0| other
appafatus (including amplifiers) that produce heat.
9) Dp not defeat the safety purpose of the polarized or grounding-type plug. A poldrized plug
has tlvo blades with one wider than the other. A grounding type plugihas two bladdgs and a third

roumding prong. The wide blade or the third prong are provided for.your safety. If the provided

plug does not fit into vour outlet, consult an electrician for replacement of the obsolete outlet.
10) Protect the power cord from being walked on or pinched particularly at plugs. ¢onvenience
receptacles, and the point where they exit from the apparatus.
11) Only use attachments/accessories specified by\the manufacturer.
12) Wse only with the cart, stand. tripod, bracket, or table specified by the manufadturer, or sold

with the apparatus. When a cart is used, use caution when moving the cart/appara

comk

13)

ination to avoid injury from tip-over,

nplug this apparatus during.lightning storms or when unused for long periods

us

of time.

14) §

Refer all servicing to qualified service personnel. Servicing is required when th

2 _apparatus

has

een damaged in_any. way, such as power-supply cord or plug is damaaged. lig

id has been

spille)

d or objects have-fallen into the apparatus, the apparatus has been exposed t

D rain or

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

The symbol i

h figure 172shall be shown adjacent to the text of item 12 above.
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5.4.1 DU In addition, the instructions shall include the following as far as applicable.
a) For mains powered apparatus and for apparatus producing internal voltages greater than 35
V (peak) a.c. or d.c., having no protection against splashirng water according to annex A, the
instructions for use shall state thatthe-apparatus-shall-net-be-exposed-to-dripping-orsplashi
"WARNING" and the following or equivalent, "To reduce the risk of fire or electric shock, do not
expose this apparatus to rain or moisture.”
b) A warning that TerminaLs marked with the symbol according to 5.2 b) are Hazarpous LivE and
that the external wiring connected to these TeErmINALS requires installation by an INSTRUCTED PERSON
or the use of ready-made leads or cords.
c) If an apparatus is provided with a replaceable lithium battery, the following applies:
— if the battery is intended to be replaced by the user, there shallhe*a warhing close to
the battery or in both the instructions for use and the service instructions;
— if the battery is not intended to be replaced by the user\there shall be a warning
close to the battery or in the service instructions.
This warning shall include the following or similar text:
CAUTION
Danger of explosion if battery is incorrectly replaced.
Replace only with'the same or equivalent type.
d) Information as required according to 14.6.3.
Compliance s checked by inspection.
5.4.2 If a PERMANENTLY CONNECTED APPARATUS iS Not provided with an ALL-PoLE mAINS swiTcH according to 14.6.1,
the instructiops shall state, that an aLL-poLe maiNs swiTcH With a contact separation of at least 8 mm in each
pole shall befincorporated-in the electrical installation of the building.
5.4.3 DU When apparatus operation and installation instructions contain instructions for use by service
personnel, sych.instructions shall be separate in format from other instructions and preceded by the word
"CAUTION" and’the following or the equivalent. "These servicing instructions are for use¢ by qualified

service personnel only. To reduce the risk of electric shock do not perform any servicing other than that
contained in the operating instructions unless you are qualified to do so.”
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6 Hazardous radiations
6.1 DR lonizing 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.
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Compliance is checked by—meastrement—under—the—following—conditions: in_accordance with the

requirements in the United States Code of Federal Requlations, Title 21, Chapter 1. Subchapter J.

Sections 1010.2. 1010.3. and 1020.10 by measuring the radiation produced by the apparatus employin

a design center chassis.
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vonage;
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6.2 DR Lasgr radiation

An apparatu$ containing_@a.taser system shall be so constructed that personal protection [against laser

radiation is pfovided utder normal operating conditions and under fault conditions.

AN annaratid-econtaimbinoa—a

Arrapppardiug vulitannity a LASER SToSTEVH TS TATHITPU TTUTTT Al Turtnc T 1ecyuirtiitritis U tuhis suoviau st ir.
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apply- Code of Federal Regulations, Title 21, Chapter 1. Subchapter J. Sections 1010.2, 1010.3, 1040.10,

Comblianmde checked-by-inspect .

With referenc : I I i FR). Title 21
Part 1040, shall be determined by:

a) Determining the Class of laser (as defined in the CFR) from the manufacturer’s required
documentation, such as the Center for Devices and Radiological Health (CDRH) report.

markings and labels, or similar documentation;

b) Verifying that the manufacturer’'s markings and labels having the information specified in the
CFR are affixed on the laser product (as defined in the CEFR);

c) Determining that the corresponding construction features, such as protective housing,
interlocks, and similar features, are provided in accordance with the CFR; and
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d) Determining that the resulting construction complies with the construction requirements of

this standard.

6.2.1 revised December 19, 2000

7 Heating urlder normal operating conditions
7.1 DU General
During intended use, nopatt of the apparatus shall attain an excessive temperature.

Compliance Is checked by measuring the temperature rises under normal operating cond|tions when a
steady state has_been attained.

NOTE 1 — In general, a steady state Is assumed to be attained after 4 h of operation
Temperature rises are determined:

— In the case of winding wires, by the change in resistance method or any other method giving
the average temperature of the winding wires;

NOTE 2 — Care should be taken to ensure that during the measurement of the resistance of winding wires, the influence
of circuits or loads connected to these winding wires is negligible.

— in other cases, by any suitable method.
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Temperature rises shall not exceed the values specified in 7.1.1 to 7.1.5 inclusive.

Protective circuits and devices, except redundant protection circuits, THERMAL cuT-ouTs With automatic reset
and pTc-s THERMISTORS, affecting the safety of the apparatus shall not operate during the test.

7.1.1 AccessiBLE parts

The temperature rise of accessiBLe parts shall not exceed the values given in table 2, item a), "normal
operating conditions”.
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7.1.2 Parts, other than windings, providing electrical insulation

The temperature rise of insulating parts, other than windings, providing Basic, SUPPLEMENTARY, 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 2, item b), "normal operating conditions”,
taking into account condition 4 of table 2.

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 clauses 8 and 11 is checked.

7.1.3 Parts acting as a support or a mechanical barrier

The tempers
requirements

7.1.4 Windin

The tempera
hazard shall

If an insulat
permissible te
compliance |

NOTE
the te

ture rise of parts, a mechanical failure of which would cause an infrings
of 9.1.1, shall not exceed the value given in table 2, item c), "normal operatin

0S

ure rise of windings comprising insulation providing protection_against electrigj
not exceed the values given in table 2, items b) and d), "normal operating con

ng part is used to establish a cLearance or to conlribute to a CrREEPAGE DIS
bmperature rise is exceeded, then the relevant area)ofthe insulating part is disrg
ith clauses 8 and 11 is checked.

— If the insulation is incorporated in a winding in such‘away that its temperature rise cannot be m
hperature is assumed to be the same as that of thewwinding wire.

ement of the
j conditions”.

shock or fire
ditions”.

rance and its
bgarded when

easured directly,

7.1.5 Parts rjot subject to a limit under 7.1.1 to_+1.4 inclusive
According to the nature of the material, the_temperature rise of the part shall not exceed the values given
in table 2, item €), "normal operating conditions”.
Table 2 DC DU- Rermissible temperature rise of parts of the apparatus
Table 2 revised June 27, 2001
Normal
operating Fault
conditions conditions
Parts of the apparatus K K
a) ACCESSIBLA-RARFS
Knobs, handles, etc. if:
— metallic 30 65
— non-metallic (note 3) 50 65
Enclosures if:
— metallic (note 2) 40 65
— non-metallic (notes 2 and 3) 60 65
b) Parts providing electrical insulation (note 4)
Supply cords and wiring insulation with
— polyvinyl chloride or synthetic rubber

Table 2 DC DU- Permissible temperature rise of parts of the apparatus Continued on Next Page
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Table 2 DC DU- Permissible temperature rise of parts of the apparatus Continued
Normal
operating Fault
conditions conditions
Parts of the apparatus K K
— not under mechanical stress 60 100

Table 2 DC DU- Permissible temperature rise of parts of the apparatus Continued on Next Page
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Table 2 DC DU — Permissible temperature rise of parts of the apparatus Continued

Normal
operating Fault
conditions conditions
Parts of the apparatus K K
— under mechanical stress 45 100
— natural rubber 45 100
Other insulations of:
— thermoplastic materials (note 5) (note 6) (note 6)
— non-impregnated paper 55 70
— non-impregnated cardboard 60 80
- impreTated cotton, silk, paper and textile 70 90
— laminajes based on cellulose or textile, bonded with
— ppenol-formaldehyde, melamine-formaldehyde, phenol-furfural or polyester 85 110
— epoxy 120 150
— mouldihgs of
— phenol-formaldehyde or phenol-furfural, melamine and melamine phenolic
compounds with
—cellulose fillers 100 130
—mineral fillers 110 150
— thlermosetting polyester with mineral fillers 95 150
— alkyd with mineral fillers 95 150
— compopite materials of
— polyester with glass-fibre reinforcement 95 150
— epoxy with glass-fibre reinforcement 100 150
— silicon¢ rubber 145 190
c) Parts acling as a support or a mechanical barrier including the inside of enclosures (note
4)
Wood arld woob-BASED MATERIALS 60 90
Thermopastic materials (note 5) (note 6) (note 6)
d) Coil winding wires and insulation systems (note 4)
— insulated with
— npnp-impregrated-sill-eotton—ete: Class 105 (A) insulation system 5575 75 110
— ippregnated-silk-cotten—ete: Class 120 (E) insulation system 70 90 1060 125
— ofeeresineusateriats Class 130 (B) insulation system 76 95 135 130
— pplyvinyl-formaldehyde-orpolydrethaneresins Class 155 (F) insulation system 85 115 150
— pplyestertesins Class 180 (H) insulation system 1206 135 155 170
— pplyesterimidetesins 145 180
e) Other parts
These temperature rises apply to parts not covered by items a), b), ¢) and d):
Parts of wood and woop-BASED MATERIAL 60 140
Lithium batteries 40 50
All other parts, except resistors and parts of metal, glass, ceramic. 200 300

for tropical clim

temperature.

NOTE 1 — General conditions applicable to table 2:
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

ates.

Materials rated in accordance with UL 746B. for higher operating temperatures. may be used at the higher operating

Table 2 DC DU — Permissible temperature rise of parts of the apparatus Continued on Next Page
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Table 2 DC DU — Permissible temperature rise of parts of the apparatus Continued

Normal
operating
conditions

Fault
conditions

Parts of the apparatus K

K

the material is

NOTE 2 — For areas having no dimension exceeding 5 cm and for heat sinks or metallic parts directly covering heat sinks,
without a dimensional restriction, which are not likely to be touched during intended use, temperature rises up to 65 K are
allowed under normal operating conditions.
For outside parts of metal which are covered with plastic material, the thickness of which is at least 0.3 mm, a temperature rise
which corresponds to the permissible temperature rise of the insulating material is allowed.

NOTE 3 - If these temperature rises are higher than those allowed by the class of the relevant insulating material, the nature of

he governing factor

NOTE 4 — For
the thermal sta|
claimed, and fg
proved to be sg
NOTE 5 — Naty
NOTE 6 — Due
While the matts

a) as
306
— th
— th
b) the

-u
a);
-u
If the required

he purpose of this standard, the permissible temperature rises are based on service experience-j
pility of the materials. The materials quoted are examples. For materials for which higher temperaj
r materials other than those listed, the maximum temperatures should not exceed thosehich haj
tisfactory, for example in accordance with {£6-66085-UL 1446.

ral rubber and synthetic rubbers are not considered as being thermoplastic materials.

to their wide variety, it is not possible to specify permissible temperature rises forythermoplastic n
r is under consideration, the following method shall be used:

ftening temperature of the material is determined on a separate specimen,_under the conditions
with a heating rate of 50 K/h and modified as follows:

e depth of penetration is 0.1 mm;

e total thrust of 10 N is applied before the dial gauge is set to,Zero or its initial reading noted.
temperature limits to be considered for determining the temperature rises are:

hder normal operating conditions, a temperature of 10 Kchelow the softening temperature as obtal

hder fault conditions, the softening temperature itself.
oftening temperature exceeds 120°C, note 3 shall be taken into account.

h relation to
ure limits are
Ve been

aterials.

pecified in ISO

ned under item

7.2 DC Heat resistance of insulating material

A thermoplag
to heat if, dun

substantial h

Compliance
insulating m3

The softening

In those cas|
connected or|

tic insulating material supporting parts coNDUCTIVELY CONNECTED TO THE MAINS Sha
ng intended use, these patts carry a steady-state current exceeding 0.2 A and
bat due to imperfect cantact.

s checked by inspéction of the rating as specified in note 1 of table 2, or by 3
terial to the test specified in table 2 under item a) of note 6.

temperatdre or rating of the insulating material shall be at least 150°C.

es.where two groups of conductors, each supported by insulating parts, g

| be resistant
can generate

subjecting the

an be rigidly
ts need meet

joined together, for example by plug and socket, only one of the insulating pa

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

NOTE 1 — Examples of parts which can generate substantial heat during intended use are contacts of switches and of
voltage setting devices, screw TerminaLs and fuse holders.

NOTE 2 — This test need not be performed on parts which are in accordance with a relevant IEC or UL standard.
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8 Constructional requirements with regard to the protection against electric shock

8.1 DU Conductive parts, covered only by lacquer, solvent-based enamel, ordinary paper, untreated

textile, oxide

films or beads are considered to be bare.

A metal part that is not inherently resistant to corrosion shall be protected against corrosion when
corrosion of that part is capable of contributing to or resulting in a risk of fire, shock, or injury to persons.

Compliance is checked by inspection.

8.2 The apparatus shall be designed and constructed such that operation sy Hanp, like

— ch

— replacing fuse-links and indicator lights;

— ha
does not invd
Compliance
8.3 The insu
Compliance

A specimen
+2)°C, and a

— 7 dlays (168 h) for apparatus to be ysed under tropical conditions;

— 4 dlays (96 h) for other appartatus.

Within 1 min
treatment ac

8.4 The apparatus shall be so constructed that there is no risk of an electric shock from ad

or from thosdg

This requirenpent applies also to internal parts of battery compartments which become acc

removal of a

ANQINg the setting for the voltage or nature of supply,

ndling of drawers etc;

Ive a risk of electric shock.

s checked by application of the tests of 9.1.1.

ation of Hazarpous LIvE parts shall not be provided/by-hygroscopic materials.
s checked by inspection and, in case of doubt -by the following test.

pf the material, as specified in IEC 60167, clause 9, is subjected to a tempg
relative humidity of 90% to 95%, the.conditioning period being:

after this preconditioning, the specimen shall withstand the tests of 10.3 withou
bording to 10.2.

parts rendered accessisLe following the removal sy Hanp Of a cover.

prature of (40

t the humidity

CESSIBLE parts

EssiBLE by the

cover when replacing the batteries.

This requirement does not apply to battery compartments inside the apparatus, where the replacement of
their batteries by the user is not intended, for example batteries for memories.

Compliance i

s met by satisfying the requirements of 8.5 or 8.6.

NOTE - Inaccessible contacts of TerminaLs are regarded as accessiBLe parts, unless marked with the symbol according to

5.2 b)

or intended to connect the apparatus to the mains or to provide mains power to other apparatus.
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8.5 For cLass 1 apparatus, the accessisLE conductive parts, except for those parts of the apparatus which
have pouBLE Or REINFORCED INSULATION (cLASS Il construction), shall be separated from Hazarpous LIVE parts by
BASIC INSULATION meeting the insulation requirements as specified in clause 10 and the requirements for
CLEARANCES and crREEPAGE 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 t0 an AccessiBLE
conductive part, the other end need not meet any special insulation requirement with regard to the same accessisLe
conductive part.

A resistor briflging Basic INsuLaTioN shall comply with the requirements as specified In 14.1.a).

NOTE]| 2 — Parts of the apparatus which have pousLe Or rReiINFORCED INSULATION (cLaAss I construction).may |[be bridged by a
resistdr or in compliance with the requirements as specified in 14.1 a).

A capacitor of RC-unit bridging Basic INsuLATION between a Hazarpbous LIVE part angd’an accessigLe conductive
part connectgd to the proTECTIVE EARTH TERMINAL, Shall comply with the requirements of 14.2.1 a).

Such resistors, capacitors or RC-units shall be positioned inside the €nclosure of the appargatus.

cLAass | apparatus shall be provided with a proTECTIVE EARTH TERMIALNOT contact to which the prptective earth
contacts of gocket-outlets, if any, and accessisLe conductive, parts shall be reliably conpected. Such
connection ig not necessary for those accessisLe conductive parts which are insulated from Hazarbous LIVE
parts by pouslE Or REINFORCED INSULATION (CLASS Il constructian) or those which are protected frpm becoming
HAZARDOUS Live by a conductive part reliably connected*to the PROTECTIVE EARTH TERMINAL.

NOTE|3 — Examples of such a conductive part are ‘a'metal screen in a transformer between the primary afd the secondary
windings, a metal chassis, etc.

Compliance fs checked by inspection,

8.6 For cLasq i apparatus, the accessisLe parts shall be separated from Hazarbous Live parts either by pousLe
INSULATION Spdcified under item-a)~or by ReiINFORCED INsULATION Specified under item b).

This requirement does not\apply to insulations whose short-circuiting does not cause any ¢lectric shock
hazard.
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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 accessisLe
conductive part.

A component complying with the requirements of 14.1 a) or 14.3 except components according to
14.3.4.3, may bridge BAsIC, SUPPLEMENTARY, DOUBLE O REINFORCED INSULATION.

Components

according 14.3.4.3 may bridge Basic iNsuLATION OnNly.

BAsIC and SUPPLEMENTARY INSULATIONS may each be bridged by a capacitor or RC-unit, having the same rated
values, complying with the requirements of 14.2.1 a).

DOUBLE OF REI
rated values,

Alternatively
the requirem

NOTE
Such resistor]
Compliance

a) If
INSULA

Each
and

Encldg
INSULA

Com

b) If
follov

The |
shall

FORCED INSULATION May be bridged by two capacitors or RC-units In series, hav
each complying with the requirements of 14.2.1 a).

OUBLE O REINFORCED INSULATION May be bridged by a single capacitor or(RC=unit ¢
bnts of 14.2.1 b).

2 — For external insulation, bridging pousLE O REINFORCED INSULATION, alSO see\8.8¢
S5, capacitors or RC-units shall be positioned inside the enclosure of the appar

s checked by inspection.

TioN, the following shall apply:

of these insulations shall comply with-the insulation requirements as specified
vith the requirements for cLearances 'and creerAGE DISTANCES Specified in clause

sures of wood not complyingiwith the requirements of 8.3 are permitted as su
mion if they withstand the dielectric strength test of 10.3.

bliance is checked by _inspection and/or measurement.

ing shall apply:

nsulation shall comply with the insulation requirements specified in clause 10.
comply with the requirements for cLearances and crReepAGE DISTANCES specified i

ing the same

bmplying with

atus.

ACCESSIBLE parts are separated from HazarRDOUS(WE parts by Basic and SUPPLEMEN[ARY

in clause 10
13.

PPLEMENTARY

ACCESSIBLE parts are separated from Hazarbous LIVE parts by REINFORCED INSULATION the

Moreover, it
N clause 13.

NOTE

3 — An example O assessment OT REINFORCED INSULATION IS given In tigure Z.

Compliance is checked by inspection and/or measurement.


https://ulnorm.com/api/?name=UL 6500 2013.pdf

52 UL 6500 SEPTEMBER 30, 1999

8.7 For voltages above 35 V (peak) up to and including 71 V (peak) a.c. or above 60 V d.c. up to and
including 120 V d.c. (rirrLE FREE), Mmeasured at the raTeD suppLY voLTAGE under normal operating conditions
and under fault conditions, in deviation from 8.5 or 8.6 respectively, sasic INsuLATION meeting the
requirements of clause 10 and clause 13 is sufficient, between circuits with the voltages above and
ACCESSIBLE parts or parts connected to accessisLe conductive parts.

Circuits with the voltages above shall be separated from Hazarbous LIVE parts with higher voltages by pousLe
O REINFORCED INSULATION according to 8.6 or by an isoLATiING TRAaNsFORMER according to 14.3.2 (ciass 1
construction) or by a conductive part connected to the proTECTIVE EARTH TERMINAL @ccording to 8.5 or by a

transformer according to 14.3.3 (cLass | construction).

Compliance is checked by inspection.

8.8 Basic, su
specified in 1

For pousLE IN
mm.

REINFORCED INS|
which, at the
to lead to def

NOTE
require

The above T
thickness pro
— it
— BAY

pass

— BAY
of tw
INSULA

— REI
diele

PLEMENTARY and REINFORCED INSULATION Shall each withstand the dielectrichstré
0.3.

uLATION either the sasic or the suppLEMENTARY INsuLATION Shall have a‘thickness (
LLaTioN shall have a minimum thickness of 0.4 mm when nat subject to any mec
temperatures during normal operating conditions and under fault conditions, W

ormation or deterioration of the insulating material.

— Under mechanical stress conditions the thickness may~have to be increased to comply wi
ments as specified in clause 10 and the mechanical strefigth requirements as specified in clause

equirements are not applicable to insufation in thin sheet materials irrespeg
vided that:

5 used within the enclosure of the apparatus, and

IC OF SUPPLEMENTARY INSULATl@N/COMprises at least two layers of material, each o
the dielectric strength test specified in 10.3 for BasiC OF SUPPLEMENTARY INSULATIO

IC OF SUPPLEMENTARYAINSULATION comprises three layers of material for which all ¢
b layers together,pass the dielectric strength test specified in 10.3 for sasic or
TION, OF

NFORCED| INSULATION comprises at least two layers of material, each of which will
ctric Strength test specified in 10.3 for REINFORCED INSULATION, OF

bngth test as

f at least 0.4

hanical stress
ould be likely

th the insulation
12.

ctive of their

which will
, or

bmbinations
BUPPLEMENTARY

pass the

— REI

FORCED INSULATION COMPISES three tayers of msutatiom materiat-for whictrattto

nbinations of

two layers together pass the dielectric strength test specified in 10.3 for REINFORCED INSULATION.

There is no requirement for all layers of insulation to be of the same insulating material.

Compliance is checked by inspection and measurement.

8.9 The insulation of internal wiring between Hazarbous Live conductors in wires or cables and AccessisLE
parts, or between Hazarpous LIiVE 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 10.3 and that their
thickness ensures an equivalent mechanical strength, where the construction so requires.
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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.

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 1441 as
applicable.

8.10 DC Component power supplies and their internal insulation complying with the construction and test
requirements of UL 1310, UL 1950, Third Edition. and UL 60950 are considered to fulfill the test

requirements of this sub-clause.

In cLass 11 apy

AC

Cco
CONNH

Either the BA

insulation shall withstand the dielectric strength test specified in 1Q:3 for Basic Or suPPLEMENT

If bousLE INsuL
strength test

The test volt
insulation of

In the case
inserted into

Compliance
8.11 The co
CLEARANCES alj
movement of

detached.

NOTE

aratus pousLE InsuLATION Shall be provided between
EssiBLE parts and conductors in wires or cables cONDUCTIVELY CONNECTED\TO THE

hductors in wires or cables connected to accessisLE conductive parts and parts
CTED TO THE MAINS.

sic or the suppLEMENTARY InsuLaTiON Shall comply with, tHe requirements of 8
wTioN consists of two layers which cannot be tested Separately, it shall withstand
specified in 10.3 for REINFORCED INSULATION.

pge of 10.3 is applied between the conductor and metal foil wrapped tight|
he wire over a length of 10 cm.

Df insulating sleeves, the test vojtage of 10.3 is applied between a tight-fitti
the sleeve and a metal foil wrapped tightly around the sleeve over a length of

s checked by inspection.and measurement.
8.10 revised June 27, 2001

hstruction of theyapparatus shall be such that, should any wire become d

d creepaGE DISTANCES are not reduced below the values specified in clause 13
a detached wire. This requirement does not apply if there is no risk of a w

In-1t'is assumed that not more than one connection will become detached at the same time.

aiNs and
CONDUCTIVELY
9. The other
hRY INSULATION.

the dielectric
y around the
ng metal rod

10 cm.

etached, the
by the natural
ire becoming

Compliance is checked by inspection and measurement.

NOTE

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

a) the conductor of the wire is anchored to the tag before soldering, unless breakage close to the soldering place is
likely to occur as a result of vibration;

b) wires are twisted together in a reliable manner;

c) wires are fastened together reliably by cable ties, adhesive tapes with thermosetting adhesives according to IEC

60454

, sleeves or the like;
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d) the conductor of the wire is inserted into a hole in a prinTeD BoARD before soldering, the hole having a diameter
slightly greater than that of the conductor, unless breakage close to the prinTeD BoARD is likely to occur as a result of
vibration;

e) the conductor of the wire and its insulation, if any, is securely wrapped around the termination by means of a special

tool;

f) the conductor of the wire and its insulation, if any, are crimped to the termination by means of a special tool.

The methods under items a) up to and including f) apply to internal wires and the methods under items a) up to and
including c) to external flexible cords.

In case of doubt, the vibration test of 12.1.2 is carried out to verify compliance.

8.12 DR Corf
MAINS TERMINAL
ef16-2 wire §

ductors of internal wiring connecting mains socket-outlets incorporated in the ‘ap
5 either directly or via a mains switch shall comply with the eress-sectionatarea;
ize requirements of 16.2 based on the marked rating of the socket qutlet, but

paratus to the

reguirements
not less than

18 AWG.
Compliance
8.13 Window
are rendered
NOTE

Compliance
for 10 s at th

8.14 Covers
TERMINALS(S€€
by their abse

NOTE

Compliance
most unfavol

After the tes
particular no

s checked by inspection.
8.12 revised June 27, 2001

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

— Friction only is not regarded as a positive means.

s checked by inspection and, in case of'deubt, by applying a force from the ol
o most unfavourable place and in the.most unfavourable direction.

which may be subjected to forces during intended use, for example cove
clause 15) shall be fastened by‘positive means if Hazarbous LIvVE parts are rende
hce.

— Friction only is not regarded as a positive means.

s checked by inspection and, in case of doubt, by applying a force of 50 N f
rable place and-in the most unfavourable direction.

s of 8.13\and 8.14, the apparatus shall show no damage in the sense of thij
HAzARDOUS LIVE parts shall become AccessisLE.

ous LIVE parts

tside of 20 N

s supporting
red ACCESSIBLE

br 10 s at the

5 standard; in

8.15 Internal

wirina - of tha annaratiic damana tn tha inculatian af wwhich ic liohla ta calica o
WHHRG-o1tReappat & o+t RAStHaHe - AWHERHSHabie+o &

hazard in the

sense of this

fal
T ety et

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 2 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
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.
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8.16 Apparatus 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 replaced, without
modification, by a supPLY APPARATUS FOR GENERAL USE
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NOTE

— The required non-interchangeability may be obtained for example by special connections.

Compliance is checked by inspection.

8.17 DC Printed wiring boards involved with the risk of electric shock shall comply with the requirements

in UL 796.

9 Electric shock hazard under normal operating conditions

9.1 Testing on the outside

9.1.1 DR DU General

HAZARDOUS LIVH

NOTE
depen

In addition,
HAZARDOUS LIVH

— Co
provi
for aq

NOTE
such g

NOTE

— TEA
outle

In order to v
are carried o
supply sourc
the apparatu

NOTE

9.1.1 revised June 23, 2000
parts shall not be AccessisLE.

1 — For interconnection with apparatus under the scope of other standards, circuitsishould compl
Hing upon the construction, with 8.5 or 8.6.

vhen not connected to another apparatus, inaccessible contacts of TERMINALS
, with the following exceptions:

htacts of signal output TermINALS, if they have to b€ HAZarbous Live for functional
Hed the contacts are separated from the supply~source as required according
cessiBLE conductive parts.

2 — Inaccessible input terminaLs, for example of loudspeakers, are permitted to be Hazaroous LIVE W

utput TERMINALS.
3 — For the marking of such output TerMiNALs See 5.2 b)

miNALS complying with 15,438 provided for connecting the apparatus to the maN
s and contacts of connecting blocks for providing power to other apparatus.

brify that a part gr-a-contact of a TErMINAL IS NOt HAzARDOUS LIVE, the following ni
it between any(two parts or contacts, then between any part or contact and eith
b used during.the test. Discharges shall be measured to the TerminaL provided f
5 [0 the sUpply source, immediately after the interruption of the supply.

4 — For.discharges between the poles of the mans plug, see 9.1.6.

y with 9.1.1 and,

shall not be

reasons,
o clause 8

en connected to

s, socket-

easurements
er pole of the
pr connecting

The part or ¢

ontact or a TERMINAL IS NOT HAZARDOUS LIVE IT.

a) the open-circuit voltage does not exceed 120 V rms for audio output terminaLs Of apparatus

used for the amplification of audio signals, when tested in accordance with 4.2.4 under the non-
CLIPPED OUTPUT POWER_condition.

ab)

the open-circuit voltage does not exceed 35 V (peak) a.c. or 60 V d.c.,

or, ifa b) is not met,
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b ¢c) the measurement of the ToucH-current shall be carried out in accordance with E€-66990

the American National Standard for Leakage Current for Appliances, ANSI C101, with the
measuring network described in annex D of this standard.

The ToucH-cURRENT expressed-as-voftages-Yand-Uy—does shall not exceed the following

value

S.

— 1.5 MIU to earth for a Class 1 cord connected commercial aubio aveLiFier designed solely for
rack mounting Or STATIONARY USE

— forae—Yr =35V (peakrand-b>=0635V(peak) 0.75 MIU for an apparatus that is

ermanentl

connected electrically or a three-wire (includin

plug-

connected apparatus intended to be

1) fastened in place or
2) located in a dedicated position;

-ehe—Ur=210-\{dev) 0.5 MIU for all other apparatus

rounding conductor) cord- and

)

L —OE\IIn

and moreove
€d)
de)

NOTE
c) abo)

NOTE
the ind

In order to d
probe-B-of-1H

enclosure, in

Through ope

hit in a
fHt-varde ot vHpea

=

the discharge does not exceed 45 uC for stored voltages between 60 V and
the energy of discharge does not exteed 350 mJ for stored voltages exceedi

6 — It is recommended that for appdratus intended to be used in tropical climates, the values giy
Ve, be halved.

7 — To avoid unnecessarily high toucH currents when several apparatus are interconnected, it is re|
ividual ToucH current alés are not higher than needed for functional reasons.

btermine whéther a Hazarpous LIVE part is AccessiBLE, the jointed test finger acg
[C-61032figure 14, is pushed against the enclosure or inserted through any oq
Cluding lopenings in the bottom, without appreciable force.

nings; the test finger is applied to any depth that the finger will permit and is rotg

15 kV, or
ng 15 kV.

eninab)and b

rommended that

ording to test
enings of the

ted or angled

before, durin

and-after msenion to-ary position. 1f the operg does 1ot atfow theemntry of

he finger, the

force on the finger in the straight position is increased to 20 N +2 N and the test repeated with the finger
in angled position.

Conductive parts, covered only by lacquer, solvent-based enamel, ordinary paper, untreated textile, oxide
films or beads are considered to be bare.

For cLass i1 constructions, the test probe 13 of IEC 61032 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 8 — 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 may be used.
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The above requirements to determine whether a Hazarbous LIVE part is accessieLE apply only to Hazarbous
LIVE voltages not exceeding 1000 V a.c. or 1500 V d.c. For higher voltages, there shall be a cLEarRANCE
between the part at Hazarpous Live voltage and the test finger or the test pin as specified in 13.1.1 for sasic
INSULATION (see figure 3).

9.1.2 Shafts

of operating knobs, handles, levers and the like

Shafts of operating knobs, handles, levers and the like shall not be Hazarbous LIVE.

Compliance is checked by inspection, in case of doubt by measurement according to 9.1.1.

9.1.3 Openings of the enclosure

The apparatu
introduced th

Compliance
of 100 mm. 1
test pin.

The test pin

9.1.4 TERMINA

The use of a
antenna or fd

The test is ngt applied to TerminaLs marked with the-Symbol of 5.2 b).

NOTE
Compliance

Within 25 mn
16, is applied

Each contact
with a force {

The test proh

s shall be so designed that suspended foreign bodies cannot become Hazared
fough ventilation or other holes.

s checked by applying to the holes a metal test pin having a diameter of 4 mm
‘he test pin is suspended freely from one end, the penetration is-imited to the
Ghall not become HAZARDOUS LIVE.
| S

single-pole plug or a bare wire to make configéetion with a contact of a TeErmINA
r audio, video or associated signals, shall.not involve the risk of an electric sh

— See also 15.1.2.
s checked by the following tests:

1 measured from eaegh contact of the TerminaL, a test pin according to IEC 610
in every possible~position, in case of doubt with a force of 10 N £1 N.

is tested with.a straight test probe according to IEC 61032, test probe D, in
pf 1 N £0DN.

es shall not become HazarRDOUS LIVE.

us LIVE, when

and a length
length of the

L for earth or
ock.

B2, test probe

rase of doubt

9.1.5 Pre-se

COTMTofs

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, 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.
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9.1.6 DE Withdrawal of wmains plug

Apparatus intended to be connected to the mains by means of a mains plug shall be so designed that there
is no risk of an electric shock from stored charge on capacitors, when touching the pins or contacts of the
plug after its withdrawal from the socket-outlet.

NOTE - For the purpose of this subclause, male interconnection couplers and male appliance couplers are regarded as
mains plugs.

Compliance is checked by measurement according to 9.1.1 a b) or € d) or by calculation.

The mains switch, if any, is in the off-position, unless it is more unfavourable in the on-position.

Two secondq after withdrawal of the mains plug, the pins or contacts of the plug shall notibejazarpous LIVE.
The test may be repeated up to 10 times to obtain the most unfavourable situation:
If the nomindl capacitance across the mains poles does not exceed 0.1 uF, ngtest is condugted.
9.1.7 Resistance to external forces
The enclosurg of the apparatus shall be sufficiently resistant to external forces.
Compliance fs checked by the following tests:
a) by means of a rigid test finger according to IEC 61032, 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 ip of the test finger as to avoid wedge or lever action.

During the test the enclosure shall not become HazarDoOUS LIVE, HAzARDOUS LIVE parts ghall not
become accessisLE, textile coverings shall not touch Hazarpous LivE parts;

b) by means of a test-hook as shown in figure 4, a force of 20 N £2 N, directed outwards, is
applied for 10 s at &ll points where this is possible.

During the test, Hazarpous Live parts shall not become AccessisLE;

c) external conductive enclosures and conductive parts of an external enclosure shall be
subjgctedfor 5 s to a steady force of (250 £10) N for floorstanding apparatus or (100 +10) N for
othelapparatus, applied tothe ernclosure or to a part of the ernclosure fitted to the—apparatus, by
means of a suitable test tool providing contact over a circular plane surface 30 mm in diameter.

NOTE 1 — Contents of TerminaLs are not considered to be a conductive part of the external enclosure.
After the tests, the apparatus shall show no damage in the sense of this standard.

NOTE 2 — The apparatus need not to be connected to the supply source during the tests.
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9.2 Removal of protective covers
A part which becomes accessisLe by the removal of a cover sy HanD shall not be Hazarbous LIVE.

This requirement applies also to internal parts of battery compartments which become accessisLe by the
removal of a cover either By Hanp or with the use of a tool, coin or other object, when replacing the
batteries. An exception is made in the case of batteries which are not intended to be replaced by the user,
for example batteries for memories.

Compliance is checked by application of the tests of 9.1.1, except that the measurements are made 2 s
after removal of the cover.

NOTE|- Any part removal sy Hanp Of a voltage setting device is considered to be a protective cover.
10 Insulation requirements
10.1 Surge test
Insulation befween accessisLE parts or parts connected to them and Hazarodeus Live parts, shiall be able to
withstand sufges due to transients, caused for example by thunderstorms and entering the apparatus
through the gntenna TERMINAL.
Compliance fs checked by the following test:
The insulatioh between

— 1ERMINALS for the connection of antenna andwiains SUpPply TERMINALS,

and petween

— wmalns supply Terminars and any-gthér terminaL in case of apparatus which may be
inter¢onnected to other apparatus’ with antenna TERMINALS,

is subjected {o 50 discharges at a.maximum rate of 12/min, from a 1 nF capacitor charged|to 10 kV in a
test circuit, ap shown in figure/5A.

NOTE]|- During this test, the apparatus should not be energized.

After the test| the te§ted insulation shall comply with the requirements of 10.3.
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10.2 Humidity treatment

The safety of the apparatus shall not be impaired by humidity conditions which may occur in the intended

use.

Compliance is checked by the humidity treatment described in this subclause, followed immediately by the

tests of 10.3.

Cable entries, if any, are left open. If knock-outs are provided, they are opened.

Electrical components, covers and other parts which can be removed sy HanD are removed and subjected,

if necessary,

to the humidity treatment with the main part.

The humidity
(+2, -3)%.

The tempera
-2)°C.

Apparatus in
relative humi

Before being
temperature

The apparat

— 5 glays (120 h) for apparatus intended to-be used in tropical climates,

— 2 flays (48 h) for other apparatus.

NOTE]
at leag

NOTE

NOTE
will noj

NOTE

treatment is carried out in a humidity chamber containing air with a relative-
fure of the air, at all places where the apparatus can be located, s maintain
fended to be used in tropical climates are subjected to a temperature of (40

ity of 93 (+2, -3)%.

placed in the chamber, the apparatus is brought)te’a temperature between
hnd a 4 K higher temperature.

s is kept in the chamber for

1 — In most cases, the apparatussmay be brought to the specified temperature by keeping it at thi
t 4 h before the humidity treatment.

2 — Some methods of-achieving the specified relative humidities are described in IEC 60260 [5].

3 — The air in_the.chamber should be stirred and the chamber should be so designed that mist or
precipitate{on.the apparatus.

4 — Duxing this test, the apparatus should not be energized.

umidity of 93

ed at 30 (+0,

+2)°C and a

the specified

temperature for

ondensed water

After this tre

triert, theapparatas shalt-stow o damage i the Serse of this stardard-
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10.3 Insulation resistance and dielectric strength
10.3.1 The insulation of the insulating materials shall be adequate.

Compliance is checked in accordance with 10.3.2, and, unless otherwise stated, immediately after the
humidity treatment according to 10.2.

NOTE - In order to facilitate dielectric strength testing, components and sub-assemblies may be tested separately.
10.3.2 The insulations listed in table 3 shall be tested:

— for insulation resistance with 500 V d.c.; and

— for dielectric strength as follows:
— Insulations stressed with d.c. voltage (riprLE FRee) are tested with, a’d.c. oltage;

— Insulations stressed with a.c. voltage are tested with an a¢yvoltage at mpins
frequency.

However, where corona, ionization, charge affects or the like, may occur, a d.c. tegt voltage is
recommendey.
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NOTE 1 — Where there are capacitors across the insulation under test, it is recommended that d.c. test voltages are used.

Test voltages shall be as specified in table 3 for the appropriate grade of insulation (Basic, SUPPLEMENTARY

OI' REINFORCED

INsuLATion) and for the operaTinG voLTAace U across the insulation.

For the purpose of determining the oreraTiNG voLTAGE U, the following applies:

— the apparatus is fed by itS RATED SUPPLY VOLTAGE;

— in

case of a.c. voltages, the true peak value including periodic and non-periodic

superimposed pulses with a half value time longer than 50 ns shall be measured;

— un
or to

— WH
estal
TERMI
OPERA

— WH

insul.
point

— fol
in thq
may

parthed accessisLe conductive parts shall be assumed to be connected to an e
a PROTECTIVE EARTH TERMINAL O contact;

AL OF 1O @ PROTECTIVE EARTH TERMINAL OF contact at the-peint which results in the
TING VOLTAGE being obtained;

htion between transformer windings, the short-circuit shall be assumed to take
at which the highest oreraTiNG vOLTAGENS produced across the other insulation

insulations between two transfarmer windings, the highest voltage between a
b two windings shall be used,taking into account external voltages to which th
be connected;

Case of d.c. voltages, the peak value of any supernimposed ripple shall be Incll

fiodic and non-periodic transients with a half value time up to 50 ns shall-be d

€re DOUBLE INSULATION IS used, the oPERATING VOLTAGE across the BAsiC INSULATION S
detenmined by imagining a short-circuit across the suppLEMENTARY INSULATION, and Vice

ded;
sregarded;

Arth TERMINAL

ere a transformer winding or other part is floating, i.e. not.cennected to a circyit which
lishes its potential relative to earth, it shall be assumed t0 be connected to an

earth
highest

hall be
b versa. For
place at the

ny two points
e windings
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— for insulations between a transformer winding and another part, the highest voltage between
any point of the winding and the other part shall be used.

The test voltages shall be obtained from a suitable source so designed that, when the output TeErmiNALS are
short-circuited after the test voltage has been adjusted to the appropriate level, the output current is at
least 200 mA.

An over-current device shall not trip when the output current is less than 100 mA.

Care shall be taken that the value of the test voltage applied is measured within +3%.

Initially, not more than half of the prescribed test voltage is applied, then it is raised rapidly to the full value

which is hel

The measurd
chamber, or
reassembly d

The apparatd
is not less th
strength test.

When testing

For apparatu
that the voltal

NOTE

NOTE
6.

NOTE
examy
condu
part.

Resistors, c3
parallel with 1
prevent the ti

for T -min.

ments of the insulation resistance and the dielectric strength tests are made i
in the room in which the apparatus was brought to the prescribed temperat
f those parts which may have been removed.

s is deemed to comply with the requirement, if the insulation résistance measur|
an the values given in table 3 and no flash-over or breakdoewn occurs during

enclosures of insulating material, a metal foil is pressed tightly against access

5 incorporating both reinForcep iNnsuLATION andHower grades of insulation, care 9
ge applied to the rReiNFORCED INsULATION dOESUIOt OVErSIressS BASIC OF SUPPLEMENTA

2 — accessiLe conductive parts may be connected together during the dielectric strength test.
3 — An instrument to carry out the dielectric strength test on thin sheets of insulating material is dg
4 — The test is not made on iasulation the short-circuiting of which does not cause any electric g

le in the case where ong_end of a secondary winding of an isoLaTinG TRANSFORMER IS connected|
Ctive part, the other end“ieed not meet any insulation requirement with regard to the same acc|

pacitors and RC-units complying with 14.1, 14.2.1 and 14.2.2 respectively,
he insulations to be tested, are disconnected. Inductors and windings which oth
pst frof being made, are also disconnected.

the humidity
ure, after the

ed after 1 min
the dielectric

BLE parts.

thall be taken
RY INSULATION.

bscribed in figure

hock hazard, for
t0 an AccessiBLE

ksisLe conductive

connected in
erwise would
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Table 3 DU — Test voltages for dielectric strength test and

values for insulation resistance
Table 3 revised June 6, 2005

SUPPLEMENTARY INSULATION

Insulation Insulation resistance AC test voltage (peak) or d.c. test
voltage
1 Between parts of different polarity birectiy 2 MQ For rated mains voltages < 150 V (r.m.s.)
CONNECTED TO THE MAINS 1410 V
For rated mans voltages > 150 V (r.m.s.)
2120 V
2 Between parts separated by sasic INsuLATION OF by 2 MQ Curve A of figure 7

3 Between p

" iaal o ADAD
S SeparatCt DY RENFORCED INSUCATION T IVISZ

o Reaf i =
curve oo gutreTy

NOTE 1 — With respect to mas voltage in the range of 105 — 130 V (rms). the test voltages are 1414 V peak for|sasic and
SUPPLEMENTARY INBuLATIONs and 2828 V peak for REINFORCED INSULATION.
NOTE 2 — CunJes A and B of figure 7 are defined by the following points:
Test voltage (peak)
OPERATING VOLTAGE U (peak) Curve A Curve B
35V 707 V 1410 vV
354V 4240 V
1410 vV 3980 V
10 kv 15 kv 15 kv
>10 kV 1.5UV 15UV
11 DC Faulf conditions
11 revised June 24, 2001
Component power supplies and their power transformers complying with the construction and test
requirementy of UL 1310, UL 1950, Third Edition, or UL 60950 are considered to fulfill the test

requirements
NOTE
tests.
avoid

11.1 DR Ele

Protection ag

Compliance
conditions.

of this clause.

ctric shock hazard

— To check compliance with the, requirements of this clause, it may be necessary to repeat the d
However, it is advisable to ideftify"beforehand all the insulations to be tested with a higher test v
nore than one humidity treatment.

ainst electric-shock shall still exist when the apparatus is operated under fault

s checKed by the tests described in clause 9, modified as specified below ar

ielectric strength
ltage in order to

conditions.

d under fault

For contacts

of TERMINALS

— the permissible values of 9.1.1 a b) are increased to 70 V (peak) a.c. and 120 V d.c., and

— the permissible values of 9.1.1 b ¢) are increased to Y1=-+0-V{peak)-and-t>—=14V(peak)
for-a-c—andto-t—=-4-VY-for-d-c; twice the value given

provided that the plugs for antenna and for earth cannot be inserted into the terminaL under test.

NOTE - It is recommended that for apparatus intended to be used in tropical climates, the values given above be halved.
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If short-circuiting or disconnecting a resistor, a capacitor, an RC-unit, an optocoupler or an inductor
causes an infringement of the requirements, the apparatus is still deemed to be satisfactory if the
component complies with the relevant requirements of clause 14 (see 4.3.4).

If, during the tests, an insulation mentioned in table 3 is subjected to a voltage exceeding the voltage
occurring under normal operating conditions, and if this increase involves a higher test voltage according
to 10.3, this insulation shall withstand a test for dielectric strength at the higher test voltage, unless the
higher voltage is due to the short-circuiting or disconnection of a resistor, a capacitor, an RC-unit, an
optocoupler or an inductor complying with the relevant requirements of clause 14.

11.2 Heating

When the apparatus 1S operaied under fault conditions, no part shall reach such a temperajure that:
— thgre is a danger of fire to the surroundings of the apparatus;
— safety is impaired by abnormal heat developed in the apparatus.
Compliance fs checked by the tests of 11.2.1.
During the tests any flame inside the apparatus shall extinguish within_a period of 10 s.

During the tgst, solder may soften or become fluid as long as)thé apparatus does not bgcome unsafe
within the sepse of this standard.

In addition, splder terminations shall not be used as a_pfotective mechanism with the exception of solder
which is inteided to melt, for example that of THERMAL LINKS.

11.2.1 DR Nleasurement of temperature rises
11.2.1évised December 19, 2000

The apparatys is operated under fault-coAditions and the temperature rises are measured after a steady
state has beeén attained, but not laterthan after 4 h operation of the apparatus.

During this pgriod, the apparatus-shall meet the requirements of 11.2.2 up to and including|11.2.6.

In the case Where an applied fault condition results in the interruption of the current beforg steady state
has been redched, the temperature rises are measured immediately after the interruption.

t+h fallaargn Aditinnal +ao

1f th tomnorb it - ot o parrio
T g auditvriartcot io varrirc

A A ve linag
e tCrimpoCTratuic 1o 1Tt
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If a tempera
apparatus is
as described|

If a tempera
resistor, a ca

if the component complies with the relevant requirements of clause 14 (see 4.3.4).

If a temperaf
overload tes
connections
During this tg
11.2.2 Acces

The tempera
conditions”.

ure rise exceeding the value given in table 2 is due to short-circuiting an i
ot deemed to be unsatisfactory, but this insulation shall withstand’a dielectrig
in 10.3.

ure rise exceeding the value given in table 2 is due ito(short-circuiting or dig

bacitor, an RC-unit, an optocoupler or an inductor, the-apparatus is deemed to §

Lre rise exceeding the value given in table 23s due to the disconnection of ¢
specified in 14.1 b) is repeated on the resistor mounted in the apparatus,
made by the manufacturer.

st, the connections shall not fail.

IBLE parts

hsulation, the
strength test

connecting a
e satisfactory

W resistor, the
including the

fure rise of accessiBLe parts shall not exceed the values given in table 2, ifem a), "fault



https://ulnorm.com/api/?name=UL 6500 2013.pdf

64B

UL 6500

DECEMBER 19, 2000

11.2.3 Parts,

other than windings, providing electrical insulation

The temperature rise of insulating parts, other than windings, the failure of which would cause an
infringement of the requirements of 11.1, 11.2.2, 11.2.4 and 11.2.6, shall not exceed the values given in

table 2, item

b), "fault conditions”, with the following exceptions:

— For pRrINTED BOARDS, the temperature rise may exceed, for a maximum period of 5 min, the
values given in table 2, item b) "fault conditions”, by not more than 100 K.

— For prinTED BoARDS Withstanding the flame test described in 20.1.3, the temperature rise may
exceed:

If a temperati
exists, a shq
repeated.

If conductors]
deemed to b

a) the values given In table 2, item b) "fault conditions”, by not more than
or more small areas providing that the total area does not exceed 2 cm?. fo
condition and no electric shock hazard is involved, or

b) for a maximum period of 5 min, the values given in table 2, jtem b) "fau
up to the temperature rise value given for "other parts” in table-2, item e) "
conditions”, on one or more small areas, providing that the total area does
cm? for each fault condition and no electric shock hazard-is involved.

ire rise value is exceeded and if there is doubt as towhether or not an electric

rt-circuit is applied between the conductive patts concerned and the tests

0N PRINTED BOARDS are interrupted, peeled.orloosened during the test, the apj
p satisfactory if all of the following conditiens are met:

00 K on one
each fault

t conditions”,
ault
not exceed 2

shock hazard
of 11.1 are

paratus is still
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— the priINTED BoARD complies with 20.1.3;

— the interruption is nNot a POTENTIAL IGNITION SOURCE;

— the apparatus complies with the requirements of this subclause with the interrupted

cond

uctors bridged;

— any peeled or loosened conductor does not reduce the cLEARANCES and CREEPAGE DISTANCES
between Hazarpous LIVE parts and accessisLe parts below the values specified in clause 13;

— for cLass | apparatus the continuity of any protective earth connection is maintained,; loosening

of su

11.2.4 Parts

The temperafure rise of parts whose mechanical failure may cause an infringementof ‘the re

9.1.1 shall nd

11.2.5 Windi

The temperature rise of windings shall not exceed the values given_in table 2, items b)

conditions”, \

— If the temperature is limited due to the operation ef\replaceable or resettable pro

devid
In thd
ina

diele
the t4

No f4

— If the temperature is limited due to the operation of an integral non-resettable or

repla
may

In thq
ina

withd
meay

ch a conductor is not allowed.

acting as a support or a mechanical barrier.

t exceed the values given in table 2, item c) "fault conditions”.

ngs

vith the following exceptions:

es, the temperature rises may be exceeded until 2 min after the operation of

b case of windings providing protection against electric shock or where a fault
ire hazard, the test is carried out thregitimes and the winding is then subjecte
Ciric strength test of 10.3 without the-humidity treatment of 10.2, starting within]
bmperature rise measurement.

ilure is allowed.

Ceable protectivesdevice or due to the open circuiting of a winding, the temper

b case of4windings providing protection against electric shock or where a fault
ire hazard, the winding is then in each case subjected to the dielectric strengt
ut thechumidity treatment of 10.2, starting within 1 min after the temperature r.
urefent.

fuirements of

and d) "fault

ective
he device.

could result
l to the
1 min after

a non-
Ature rises

pe exceeded b(t,the test shall be carried out three times using new components.

could result
h test of 10.3
se

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.

— If a temperature rise value is exceeded and if there is doubt as to whether or not a hazard
exists, the insulation concerned is short-circuited and the tests of 11.1 and 11.2.2 are repeated.

NOTE - If the insulation is incorporated in a winding in such a way that its temperature rise cannot be measured directly,
the temperature is assumed to be the same as that of the winding wire.


https://ulnorm.com/api/?name=UL 6500 2013.pdf

JUNE 6, 2005 UL 6500 67

11.2.6 Parts not subject to a limit under 11.2.1 to 11.2.5 inclusive

According to the nature of the material, the temperature rise of the part shall not exceed the values given
in table 2, item e) "fault conditions".

12 DC Mechanical strength
12 revised June 27, 2001

Component power supply adapters, and their enclosures complying with the construction and test
requirements of UL 1310, UL 1950, Third Edition, or UL 60950 are considered to fulfill the construction
and test requirements of this clause.

12.1 DU Complete apparatus

The apparatys shall have adequate mechanical strength and be so constructed as\to wjthstand such
handling as may be expected during intended use.

The apparatys shall be so constructed that short-circuiting of insulations between Hazarpous |ive parts and
AccessiBLE conjductive parts or parts conductively connected to those, for example by unintendgled loosening
of screws, is [prevented.

Compliance, lexcept for devices forming a part of the mains plug, is~¢hecked by the tests of 12.1.1, 12.1.2,
and 12.1.3_12.1.4,12.1.5 and 12.1.6.

NOTE]|- Devices forming a part of the mans plug are subjectedo-the tests as described in 15.4.
12.1.1 Bumpg test
Apparatus wigh a mass exceeding 7 kg are subjected to the following test:

The apparatys is placed on a horizontal support of wood which is allowed to fall 50 times ffrom a height
of 5 cm onto|a wooden table.

After the test] the apparatus shallkshow no damage in the sense of this standard.
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12.1.2 Vibration test

TRANSPORTABLE APPARATUS Intended to be used for audio amplification of musical instruments, PORTABLE
APPARATUS and apparatus having a metal enclosure, are subjected to a vibration endurance conditioning by
sweeping, as specified in IEC 60068-2-6.

The apparatus is fasted 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 minutes

Amplitude 0.35 mm

Frequeficy range 10 Hz...55 Hz...10 Hz
Sweep fange approximately 1 octave/min

After the tedt, the apparatus shall show no damage in the sense of this‘standard, in particular, no
connection o} part the loosening of which might impair safety shall have lobsened.

12.1.3 DU Impact test

12.1.3 revised June 27, 2001

Thic tact e Alea made-onivindowuwe lapncaakSinal Inmne and thair aavare afe fart ~Apnhy i€l v, pmpmp s
TS 1TCOol 19 ToU 1TT1aucT uUrT vwirrtdouwvwo, 1CTIoCT o, lellal arnpoos arra uarcitr CuUveTo, Tl vut Ulll_y T IIUy ,JI ultrauc
fram-tha-onelacrra by marethan L nam-obkbst tho individmral-proiccted—corrfaco_araa-pxeopde I ~pa2
morrT arcCTriTo. SUTC ' IJ ITToTC TarT o 11T OT A areirrarviaaar ’Jl UJCULCU SUrracc arca TALCCTUS L7 i

Fiad valy
[SPEEHEGVYaItes;

The enclosure surfaces shall withstand a single impact of the value specified in table 3A. The enclosure
bottom is nol reguired to be subjected to the impact test,

The impact force is to be obtained using a solid smooth steel sphere 50 mm in diameter, having a mass
or approximately 0.5 kg. The sphere is to move freely from rest through the distance required to result in
it striking the enclosure with the specified impact.

Following the test, the apparatus shall withstand the dielectric strength test of 10.3 and shall show no
damage in the sense of this standard: in particular, Hazarpous Live parts shall not have become AccessisLe

and insulating barriers shall not have been damaged. Additionally, the apparatus shall comply with the
results noted in table 3A.
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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.
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Table 3A DU — Apparatus impact test

Part

Impact. joules

Results in addition to those specified in

12.1.3

Glass doors an
Picture-Tube E

CRT>1
CRT = 1

Transparent sc
CRT > 1
CRT<1

Unproted
Protecte

Buttons
compart|
a

Top. sides, back, and front of portable, table-top. or
undercabinet apparatus intended for household use, except
for parts itemized elsewhere in this table.

Top. sides. back, and front of floor-mounted apparatus

intended for household use except for parts itemized
elsewhere in th

is table

Top, sides. back, and front of apparatus intended for
commercial use

d shelves used in associated stands

hclosures

(2
(=]
3

O
(=}
3

een over tube face
b cm
b cm

Apparatus interjded for household use

ted? buttons controls, knobs and shafts;
1b buttons, controls, knobs and shatfts;
controls, knobs and shafts located within a

hent having a nondetachable door or cover

N

(@]

~J

IS |
o lo

N
o

=

D,
(]

4

Openings shall not develop such
projected area of the opening.ont
perpendicular to a line passing th|

center of the opening-and-any pojnt on the

central axis of the bulb-Section of]
tube shall not exéeed 130 mm< U
minor dimension.of the projected
more than 40.mm.
Shall nét render the window or itd
means Unusable; shall not crack

alass window.

cREepace and cLearance shall not b
value less than that in table 4 if &
part breaks off and falls into the d

that the

b a plane
rough the

the picture
nless the

area is no

mounting
h tempered-

e reduced to a
| conductive
nclosure

An unprotect
or back surface

b A protected g

s with all parts in place.

bd part is one that contacts or passes throughzan infinite plane placed as close as possible to all {

art is one that does not contact or pass(through the infinite plane described in note a).

op. side. front,

12.1.4 DU [

Each of thre

rop test

b samples of a PoRTABLE ‘APPARATUS IS t0_be dropped onto a hardwood surface il

) any position

that will likely

The height o

One

produce the most.adverse results

[ the drop shall be:

eter for apparatus that might be _held in one hand during any phase of norm

| operation.

750 Inm for all other apparatus.

The horizontal surface consists of hardwood 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.

Each drop shall result in the sample striking the surface in a different position. When applicable, the
sample is to be dropped with the batteries specified by the manufacturer. The test criteria shall not be
applied through the openings in the face of a CRT and the testing is terminated on the sample if the face

of a CRT evacuates in a manner noticeable on the CRT.

Upon conclusion of the test, the apparatus need not be operational, but:

—_shall withstand the dielectric strength test as specified in 10.3,
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— HAZARDOUS LIVE parts shall not have become AccessiBLE,

— _insulating barriers shall not have become damaged, and

— CREEPAGE and _cLEARANCE DISTANCES shall not have been reduced.

12.15

DU Mold stress relief test

encrosures Of molded or formed thermoplastic material shall be so constructed that any shrinkage or
distortion of the material due to release of internal stresses caused by the molding or forming operation
does not result in the exposure of hazardous parts.

A sample c@nsisting of the apparatus., or of the complete encrosure together with _an

framework is

placed in_an oven and subjected to a temperature 10 K or_higher than

y _supporting
he _maximum

temperature

bserved on the encrosure during the test in 7.1.3, but not less than 705€) for

a period of 7

h. and then g

For large apy

ermitted to cool to room temperature.

aratus where it is impractical to test a complete encLosure, it iS_permitted to us

e a portion of

the EncLosURH

with its associated mechanical support members. The section_of the EncLosur

E fo be tested

shall be reprgsentative of the complete assembly with regard to thickness-and shape

After the test
12.1.6__DU H

A handle, its

dangerous moving parts or Hazarpous Live parts shallsiot become accessiBLE

andle strength test

securing_means, or_that portion_of the endrosure to which it is secured shall

not break or

crack, and th

Compliance

The weight o

£ handle shall not detach.

s checked by the following test:

the apparatus. plus a weight that exerts a force of three times the weight of ti

e apparatus,

iS to be unifd
to be started

at zero and gradually increased so that the test value is attained in 5 - 10 s aij

rmly applied over a 75 mmiwidth at the center of the handle, without clamping. The load is

d_maintained

for 1 min. WH

en more than one handle is provided. the force is to be distributed between the

handles. The

distribution _d

f the forces is to~be determined by measuring the percentage of the app

hratus weight

sustained by

each _handle with”the apparatus _in the_intended_carrying position. When the

apparatus_is

furnished wit]

h_more _than ‘ene_handle, and_is_capable of being carried by only one handle,

each_handle

shall be capd

12.2 Fixing g

ble of sustaining the total force.

f actlating elements

Actuating elements,forimstarce knobs, pustbuttons, keys—and tevers, stattbe—so tor

fastened that

their use will not impair the protection against electric shock.

Compliance is checked by the following tests.

structed and

Fixing screws, if any, are loosened and then tightened with 2/3 of the torque given in table 12 and finally

loosened for

1/4 turn.

The actuating elements are then subjected for 1 min to a torque corresponding to a force of 100 N applied
at the periphery, but not more than 1 Nm and, for 1 min, to an axial pull of 100 N. If the mass of the
apparatus is less than 10 kg, the pulling force is limited to the value corresponding to the mass of the
apparatus but not less than 25 N.
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For actuating elements such as push buttons, keys and the like, on which only a pressure is exerted
during intended use and which do not protrude more than 15 mm from the surface of the apparatus, the
pulling force is limited to 50 N.

After these tests, the apparatus shall show no damage in the sense of this standard.

12.3 remoTE conTroL devices held in hand

Parts of remoTe 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 @
60068-2-32,

The barrel is
greater than

After the test|

Parts of cabl
the attended

12.4 Drawer

Drawers whig
mechanical s

Compliance

The drawer i
N is then apf

After the test
LIvE parts sha

onTroL device, with its flexible cord, if any, shortened to 10 cm, is testedrace
brocedure 2.

rotated 50 times if the mass of the control device is up to 250 g and)25 times
250 g.

the device shall show no damage in the sense of this standard.

p-connected rRemoTE conTroL devices, not intended to-bé held in hand, are teste
apparatus.

b

h are intended to be partially pulled out‘from the apparatus shall have a stoy
trength in order to prevent Hazarbous.LiVE parts becoming ACCESSIBLE.

s checked by the following test;

5 pulled out in the intended manner until the stop prevents further movement.
lied for 10 s in the most.unfavourable direction.

the apparatus shalllshow no damage in the sense of this standard, in particula
Il become AcceSsiBLE.

12.5 Antenna coaxial sockets mounted on the apparatus

Antenna coa
HAZARDOUS LIV

ial sockets mounted on the apparatus and incorporating parts or components

ording to IEC

if the mass is

d as a part of

of adequate

A force of 50

NO HAZARDOUS

which isolate
n mechanical

E.parts from accessiBLe parts, shall be so constructed as to withstand suc

stresses as r

Ty e expected T the imtended use:

Compliance is checked by the following tests, which are made in the order given.

After these tests, the apparatus shall show no damage in the sense of this standard.

Endurance test

A test plug as shown in figure 8 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
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A test plug as shown in figure 8 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
A test plug as shown in figure 8 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 so 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 attached by means of the hole in the test plug.

This test is made 10 times.

NOTE
length

12.6 DU Te

A telescopind

— When antenna coaxial sockets different from IEC 60169-2 [3] are tested, a corresponding/test
is used for the tests.

escoping or rod antenna

antenna or rod antenna shall be provided with a minimum 6.0 mm diameter

plug of the same

button_or _ball

on the end.

A telescopin@ or rod antenna shall be provided with a guard orbarrier that prevents an

antenna or its

mounting hardware from falling into the apparatus)and contacting LivE PARTS in

v part of the
the event the

antenna or al

Mounting han

ny part of it were to break.

dware refers to parts that are subject to stre€Ss when the antenna is subject to

movement or

used to mount the antenna itself.

12.6.1 DU H

An_antenna

hysical securement

pnd _piece _and the individual (settion of a telescoping antenna shall be secu

ed in such a

manner as td

Compliance

The_end pied

prevent removal.

s checked with the fellowing tests.

e _shall be_subjécted to a 20 N force_along the major _axis of the antenna for

a period of 1

min. In additi

pn, if the end'piece is attached by screw threads, a loosening torque in accorda

nce with table

3B is to be applied to £he*end pieces of five additional samples. The torque is to be applie

the end piec

e with. the antenna fixed in place. When the specified torque value is reach

0 gradually to
d_it is to be

maintained fq

r no more than 15 s. The average holding time of the five samples shall not 4

e less than 8

s and the ho

ding time for any sample shall not be less than 5 s.
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Table 3B DU— Torque values for end piece test

End piece diameter, mm Torque, Nem
Less than 8.0 0.3
Equal to or greater than 8.0 0.6

12.7 DU Wall or ceiling mounting means

The mounting means of apparatus intended for wall or ceiling mounting shall be adequate.

Compliance is checked by inspection of the construction and of available data, and where necessary, by

the following

The apparat

test.

S IS mounted in accordance with the manufacturer’s instructions. a force'in

ddition to the

weight of the

apparatus is_applied downwards through the geometric center of the apparat

s, for 1 min.

The additiond

| force shall be equal to three times the weight of the apparatus. but fiat less th

an 50 N. The

apparatus an

128 DU A

d its associated mounting means shall remain secure during the test.

paratus enclosures, barriers, components, and leads that.rely only on ad

hesives as a

fastening me

ANs to prevent a risk of electric shock as determined in clause’9.1.1 shall withs

and the oven

and humidity

Two samples

:

I+

1.0

b)

conditioning tests described without deterioration of the adhesive.

are to be conditioned as follows:

C. 21 days at 87.0 +1.0°C: or 60 days at82)0 +1.0°C. and

Dne_sample for 7 days in an _environment of 85 +5% relative_humidity at 32.0 +

Dne sample placed in an air-circulating oven for’7 days at 100.0 +1.0°C: 14 dalys at 90.0

2.0°C.

Compliance

12.8.1 DU A

s checked by the relevant tests (in UL 746C.

label of conductive material’ secured in place by an adhesive shall withstand

the oven and

humidity con
in_a risk of fir

Six samples

itions described in 12.8'when the label is capable of acting as a bridging agent|
e or electric shock wihen dislodged.

are to be testéd.each secured to its intended mounting surface. Three samg

and resulting

les are to be

subjected to

he_air-circulating oven conditioning, and_three samples are to be _subjected td

the_humidity

conditioning.

Each label sh

all withstand a minimum peel force of 5.0 N/30 mm width both before and afte

conditioning.
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13 DC cLEARANCES and CREEPAGE DISTANCES

13 revised June 27, 2001

Component power supplies and their power transformers complying with the construction and test
requirements of UL 1310, UL 1950, Third Edition, or UL 60950 are considered to fulfill the creepage and
clearance requirements of this clause.

13.1 General

13.1.1 cLearances and creepace piSTANCES Shall be dimensioned in accordance with 13.2.

The values are the minimum values which shall be applied, except that they may be reduced by 1 mm for

BAsic and supq
met:

— the
they

— the

— the
cond
comr

However, thq
values given
according to
and with a m

Except for in
CREEPAGE DIST
4.3.2 and 11
The following
Moveable pa
In the determ

when using f
covered with

LEMENTARY INsuLATION and 2 mm for reinForceD INsuLATION If all the following three ¢

y are not between accessisLe conductive parts of an enclosure and HAzaRDOUS |
can be reduced by external forces, as specified in 9.1.7,

y are maintained by rigid construction;

ictive dust produced inside the apparatus, for examplé. by the carbon brushes|
hutator motors.

minimum cLearaNces and creepace DisTaNces“Shall not be reduced below twd
by the curves of figure 9, taking into,aecount any reduction allowed for
hote 6 of figure 9, with a minimum of 0,.5\mm for BASIC INSULATION OF SUPPLEMENT,
nimum of 1 mm for REINFORCED INSULATION.

Sulation between parts of differémnt polarity pbiIRECTLY CONNECTED TO THE MAINS, Cl
nces smaller than those specified are allowed but are subject to the requirem
2.

conditions shall be applied during the assessment for compliance in accordar
'ts shall be placed in the most unfavourable position.
ination OFGLEARANCES and cREEPAGE DISTANCES between AccessiBLE parts and HAZARD

he standard test finger, any AccessiBLe area of a non-conductive part is consid
a conductive layer (see figure 3 as an example).

onditions are

IVE parts, if

ir insulation properties are not likely to be significantly. affected by any deposition of

of

-thirds of the
wire enamel
ARY INSULATION,

EARANCES and
ents of 4.3.1,

ce with 13.2.

ous LIVE parts,
bred as being
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13.1.2 Jointed insulation

Distances between conductive parts along uncemented joints shall be considered as cLearances and
crReePAGE DISTANCES for which the values of figure 9 apply.

For reliably cemented joints, complying with the following tests, cLearances and crReePAGE DISTANCES dO Nnot
exist. In this case only 8.8 applies.

Compliance is checked by inspection, measurement and test.

For this test, enamelled winding wires, if any, are replaced by uninsulated wires.

The material§ are considered to be cemented together, it they withstand the Tfollowing test.

Three apparatus, components or subassemblies are subjected 10 times to the follewing temperature
cycle:

— 68 h at (X +2)°C,
— 1hat(25+2)°C,
— 2 hat (0+2)°C,

— 1pat(25+2)°C,

whereby X i§ the highest temperature measured undefinormal operating conditions on the apparatus,
component of subassembly under consideration plus 10 K with a minimum of 85°C.
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Two of the above apparatus, components or subassemblies are then subjected to the relevant dielectric

strength test

of 10.3, however, the test voltages are multiplied by 1.6.

The remaining apparatus, component or subassembly is subjected to the relevant dielectric strength test
of 10.3, without the humidity treatment of 10.2, however, the test voltage is multiplied by 1.6.

The test is performed immediately at the end of the last period at highest temperature during the thermal

cycling test.

NOTE - The test voltage is higher than the normal test voltage in order to ensure that, if the surfaces are not cemented

togeth

er, a breakdown occurs.

13.2 CLEARAN

CLEARANCES an
relevant cong

The specifieq] cLEarancEs are not applicable to air gaps between the contacts of proteg

switches of n
of the contac

CLEARANCES al
have the valy
6 of figure 9.

The minimunp cLearances and crReepAGe DISTANCES betweefsconductors, one of which may bg

CONNECTED TO
60249-2, are

— thd
them
— co
meas

Compliance
detailed in 13

If necessary,
conductive e
shall have a

ES and CREEPAGE DISTANCES: dImensions
d creerace pisTANCES Shall be dimensioned in accordance with figure 9 taking int

itions specified in the notes under the figure.

icrogap construction and similar components where the cLearanee varies with t
[S.

es given in figure 9, curve A, taking into account the‘reduction allowed in 13.1,

THE MAINS, ON PRINTED BOARDS complying with'the pull-off and peel strength require
given in figure 10, and for which the-fellowing applies:

se distances only apply as far,_as overheating is concerned (see 11.2) to the
selves, but not to mounted camponents or associated soldered connections;
uring these distances.

s checked by measurement taking into account the figures in annex E, subject
1.1,

forces (shall be applied simultaneously to any point on internal parts and to 1
hclostires, in an endeavour to reduce the cLearance While taking measurement
valte” of:

D account the

tive devices,
he movement

d creerace pisTANCES between parts of different polarity, piRecTLY connecTED TO THE MaINs shall

1 and/or note

P CONDUCTIVELY
ments of IEC

onductors

atings of lacquer or the like, except coatings according to IEC 60664-3, are igmored when

to conditions

he outside of
s. The forces

— 2 N for internal parts;

- 30

N for enclosures.

The force shall be applied to the enclosure by means of the rigid test finger according to IEC 61032, test

probe 11.

If a cLEARANCE consists of two or more airgaps in series separated by conductive parts, any gap of less

than 0.2 mm

width is ignored in computing the total distance.
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13.3 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 crReePAGE DISTANCES may be reduced to the values as given in table 4.

NOTE 1 — 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.

NOTE 2 — This reduction is only permitted as far as protection against electric shock as well as overheating is concerned.

Compliance is checked by inspection, measurement and by subjecting the apparatus, subassembly or
component 10 times to the following temperature cycle:

— 6qhat (Y £2)°C,
— 1pat(25+2)°C,
— 2 phat(0x2)°C,
— 1 at(25+2)°C,
whereby Y i$ the highest temperature measured under normal opefating conditions of the apparatus,
subassembly| or component under consideration, with a minimum-@f 85°C. In case of trangformers, Y is
the highest winding temperature measured under normal operating conditions, plus 10 K, with a minimum
of 85°C.
The apparatys, subassembly or component is then subjétted to the dielectric strength test pf 10.3.
The tests arg carried out on three samples.

No failure is gllowed.

Table 4 — MiRitAUM CLEARANCES and CREEPAGE DISTANCES
(enclosed, enveloped or hermetically sealed constructions)

OPHRATING VOLTAGE UP to @nd)including Minimum cLearances and CREEPAGE DISTANCES

V (peak) a.c.'or VV d.c. (mm)
35 0.2

45 0.2

56 0.3

70 0.3

90 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

1,120 2.6

Table 4 — Minimum cLearances and creepAGe DISTANCES Continued on Next Page
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Table 4 — Minimum cLearaNces and cREePAGE DISTANCES Continued

OPERATING VOLTAGE Up to and including Minimum cLearAaNCES @and CREEPAGE DISTANCES
V (peak) a.c. or V d.c. (mm)
1,400 3.2
1,800 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

NOTE 1 — The
NOTE 2 — The
NOTE3-Am

NOTE 4 — Line|
higher 0.1 mm

refers to the va

values are applicable to both sasic and suPPLEMENTARY INSULATION.

values for reinForcep INsutaTion shall be twice the values in the table.

nimum CTI (comparative tracking index) of 100 is required for the insulating,matétials used. The
ue obtained in accordance with IEC 60112, solution A.

Br interpolation between the nearest two points is allowed, the calculatedhspacing being rounded f{
ncrement.

CTI rating

o the next

13.4 The dis

are treated w|

shall be subj
NOTE

Compliance

A visual inspection shall show that there-are no cracks in the encapsulating, impregng

material, tha

significant vo

13.5 DC Fo

requirements

NOTE]

ances between conductive parts internal to apparatus, subassemblies or comp
th insulating compound filling all voids, so that chearaNCEs and CREEPAGE DISTANCE
bct only to the requirements of 8.8.

— Examples of such treatment include potting, encapsulation and vacuum impregnation.

s checked in accordance with the-13.3, taking into account 8.8 together with t
coatings have not loosened or shrunk, and after sectioning the sample, thaf

ids in the material.

I type B coated pRINTED BOARDS, insulation between conductors shall comply w
of tE€-60664-3 UL 746C. This applies only to BAsiC INSULATION.

— For such®ermTeD BoARDS, CLEARANCES and cReepAGE DISTANCES Under the coating do not exist.

onents which
5 do not exist,

he following:

ting or other
there are no

th applicable
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14 DC Com

ponents
14 revised June 23, 2000

NOTE 1 — Where components are part of a range of values it is usually not necessary to test every value within that range.

If this range of values consists of several technologically homogeneous subranges, the samples should be representative

of each of these subranges. Moreover, it is recommended, where possible, to make use of the concept of structurally
similar components.

NOTE 2 — When a certain flammability category according to IEC 60707 is required, reference is made to annex G with
respect to alternative test methods.

NOTE 3 — When no flammability requirements are specified in this clause, reference is made to 20.1.1.
Except as indicated below. a component of an apparatus covered by this standard shallk.comply with the
requirements| for that component. See annex S for a list of standards covering compenents used in the

ered by this standard.

ent in the

appafatus covered by the 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_compomnents 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.
14.1 DC Respistors

1471 revised September 9, 2002

Component power supplies and their resistors complying with the construction and test requirements of
UL 1310. UL 1950, Third Edition. or UL 60950 are considered to fulfill the construction and test

requirements

Resistors the
for operation
shall have an

of 14.1.

short-ciréuiting or disconnecting of which would cause an infringement of the
under-fault conditions (see clause 11) and resistors bridging contact gaps of m
adequate stable resistance value under overload

requirements
nINS Switches,

Such resistors shall be positioned nside the enclosure of the apparatus.

Compliance is checked by test a) or test b), carried out on a sample of 10 specimens.

Before test a) or b), the resistance of each specimen is measured and the sample is then subjected to the
damp heat test according to IEC 60068-2-3, severity 21 days.

a) For resistors connected between Hazarpous LIVE parts and accessisLe conductive parts and for
resistors bridging contact gaps of mains switches, the 10 specimens are each subjected to 50
discharges at a maximum rate of 12/min, from a 1 nF capacitor charged to 10 kV in a test
circuit as shown in figure 5A.
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After this test, the value of resistance shall not differ more than 20% from the value measured
before the damp heat test.

No failure is allowed.

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 f3ilure is allowed.

For resistors [connected between nazarbous LIvE parts and accessisLe conductive parts,”the clearances and

CREEPAGE DISTANCES between the terminations shall comply with the requirements of.clause 13 for REINFORCED
INSULATION.
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Resistors with internal end-lead terminations are allowed only if the internal spacings are clearly and

precisely defi

ned.

Compliance is checked by measurement and inspection.

14.2 DC Ca

pacitors and RC-units
14.2 revised June 27, 2001

Component power supplies and their capacitors complying with the construction and test requirements of
UL 1310, UL 1950, Third Edition, or UL 60950 are considered to fulfill the construction _and_test

requirements of 14.2.1 — 14.5.2.

Where refere
follows:

The duration
21 days.

NOTE
the ca

14.2.1 DC
infringement

a) w

hce iIs made to the tests specified in IEC 60384-14, table Il, these tests are sup
of the damp heat steady-state test as specified in IEC 60384-14, subclause
— Reference is made to IEC 60384-14:1993 including amendment 1 (1995).;and UL 1414, irrespg

bacitor or RC-unit is used for electromagnetic interference suppression purposes or not.

Capacitors or RC-units, the short-circuiting or disednnecting of which wol
bf the requirements under fault conditions with regard to electric shock hazard

thstand the tests for subclass Y2 or Y4 capacitors or RC-units as specified in

14, table 1.

Subd
>150|

Subd
<150

b) w

ass Y2 capacitors or RC-units shall e applied for apparatus with rated mains
V and <250 V with respect to earth*or to the neutral respectively.

ass Y4 capacitors or RC-units. may be applied only for apparatus with rated m
V with respect to earth or.te’the neutral respectively.

thstand the tests forisubclass Y1 or Y2 capacitors or RC-units as specified in

14, table 1.

Subg
>150|

Subd
<150

ass Y1 capagcitors or RC-units shall be applied for apparatus with rated mains
V and <250V with respect to earth or neutral respectively.

ass Y2 capacitors or RC-units may be applied only for apparatus with rated m

plemented as

1.12, shall be

ctive of whether

Id cause an

shall:

IEC 60384-

oltages

hWINS Voltages

IEC 60384-

oltages

hWINS Voltages

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.

As an alternative a component such as a capacitor, a combination capacitor and resistor, or a suppressor
shall comply with the requirements for Antenna-Coupling, Line-By-Pass, or Double Protection in UL 1414,
as applicable.
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14.2.2 DC Capacitors or RC-units having their terminations bpIRECTLY CONNECTED TO THE MAINS, Shall
withstand the tests for subclass X1 or X2 capacitors or RC-units as specified in IEC 60384-14, table II.

Subclass X1 capacitors or RC-units shall be applied 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

NOTE

capacitors or RC-units may be used for all other applications.

1 — Y2 capacitors or RC-units may be used instead of X1 or X2 capacitors or RC-units.

NOTE 2 — Y4 capacitors or RC-units may be used instead of X2 capacitors or RC-units in applications < 150 V.

As an alterngl!ive a component such as a capacitor, a combination capacitor and resistor., of]

a _sSuppresso

shall comply with _the requirements for Across-the-Line, Antenna-Eouplin

a varistor, or
0. or_Double

Protection_in

14.2.3 Capa
the short-circ
shall withstar]

The characte
under norma

14.2.4 DC {ntentionally—keptfreeforfuture—requirementsfor—capaeitors—orRE-units—otht

mentioned-n
14.2.2 shall g

14.2.5 Capa
capacitor or
with the pag
category B

requirements

When the dig
1750 mm® dd
with the relq
specified in t

Where these
according to

UL 1414.

Citors or RC-units in a.c. circuits with mains frequency not conbucTivELY CONNECTE
Liting of which would cause an infringement of the requirements with regard tg
d the tests for subclass X2 capacitors or RC-units as specified in IEC 60384-]

operating conditions.

42 1+te-14-2-3. Components which have béen subjected to the requirements
Iso comply with the enclosure requirements of UL 1414.

Citors or RC-units with a volume _.exceeding 1750 mm? used in circuits whe

RC-unit is short-circuited, the current through the short-circuit exceeds 0.2 A,
sive flammability requirements according to IEC 60384-1, subclause 4.38
br better. Capacitors or «RC-units with a volume less than 1750 mm® ne
for passive flammability.

es not exceed thevalues specified in table 5, then these capacitors or RC-units
vant passiyé.flammability requirements according to IEC 60384-1, subclg
he table 5 oc better.

capacitors or RC-units are shielded by a barrier meeting the flammability c

TO THE MAINS,
overheating,
14, table II.

ristics of the capacitors or RC-units shall be appropriate for their function in the apparatus

pr—than—these
in 14.2.1 and

re, when the
shall comply
flammability
ed not meet

fance between POTENTIAL IGNITION SOURCES and capacitors or RC-units with a voluine exceeding

shall comply
use 4.38 as

htegory FV O
er shall have

IEC, 60707 or a barrier made of metal, no requirements shall apply. The barr

dimensions c

VETINg at teast theareas specified T tabte 5and-stown i figure 13-

These requirements are not applicable to capacitors or RC-units having a metal case. Thin coatings on
such a case are ignored.

Compliance is checked according to IEC 60384-1, subclause 4.38.
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Table 5 — Flammability category related to distance
from POTENTIAL IGNITION SOURCES

Distance from poTeNTIAL
IGNITION SOURCES t0 the
capacitor or RC-unit

downwards or sideways

Distance from poTENTIAL
IGNITION SOURCES t0 the
capacitor or RC-unit

Passive flammability

Open circuit voltage of the less than %) upwards less than %) category according to IEC
POTENTIAL IGNITION SOURCE mm mm 60384-1
> 50V to <4000 V (peak) a.c. 13 50 B
ord.c.
> 4 kV (peak) a.c. or d.c. D2 D3 B

1) see figure 13

2) Where D is 1
3) Where D is §

3 mm or the open-circuit voltage of the potenTiaL IGniTION source in kilovolts, whichever is larger!
0 mm or the open-circuit voltage of the poTenTiAL IGNITION source in kilovolts, whichever is lagger:

14.3 DC Indiictors and windings

Component power supplies and their inductors and windings complying ‘with the construd

requirements

14.3 revised June 27, 2001

of UL 1310, UL 1950, Third Edition, or UL 60950 are considered to fulfill th

tion _and test
construction

and test requ

14.3.1 Marki
Inductors the
shall be mark
manufacturer
Compliance

14.3.2 Gene

NOTE]

irements of 14.3.1 — 14.3.5.2.

9

failure of which can impair the safety of an apparatus, for example isoLATING
s name and the type reference may be réplaced by a code number.

s checked by inspection.

[al

1 — Depending on the application in the apparaTus attention is drawn to the requirements of 10.1

of winglings.

ISOLATING TRAN

- 14

- 14

bFORMERS Shall eomply with:
3.3 and

3.4.1 0r 14.3.4.2 and

TRANSFORMERS,

ed with the manufacturer’s name or trademark and with a type or catalogue re¢ference. The

or the insulation

- 14

.3.5.1 0r 14.3.5.2.

SEPARATING TRANSFORMERS Shall comply with:

- 14.3.3 and

— 14.3.4.3 and

— 14.3.5.1 or 14.3.5.2.
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Other windings, for example induction motors where the power is supplied to the stator only, degaussing
coils, relay coils, autotransformers, shall comply with 14.3.3.1, 14.3.5.1 and 14.3.5.2 as far as applicable.

Transformers for switch mode power supplies (SMPS) shall comply with the requirements as for isoLaTING
TRANSFORMERS as far as applicable.

NOTE 2 — Special requirements for SMPS transormers are under consideration.
Insulating material of inductors and windings, except in thin sheet form, shall comply with 20.1.4.

14.3.3 Constructional requirements

14.3.3.1 All \Windings

cLEARANCES arld creepace pisTANCES shall comply with the requirements of clause 13.
14.3.3.2 Degigns with more than one winding

When an ingulation barrier consisting of an uncemented pushed-on partition wall is uged, crReerAce
DISTANCES are measured through the joint. If the joint is covered by an adhesive bonding tape ih accordance

with IEC 60454, 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 an@l output windings shall be electrically separated:from each other, and the congtruction shall
be such that fthere is no possibility of any connection between these windings, either directly or indirectly
through conductive parts.
In particular, precautions shall be taken to prevent:

— unfdue displacement of input or output windings, or the turns thereof;

— unfue displacement of interial-wiring, or wires for external connections;

— unfdue displacement ofyparts of windings, or of internal wiring, in the event of rupture of wires,
or logsening of connegtions;

- wiles, screws, Washers and the like from bridging any part of the insulation betwgen the input
and ¢utput windings, including the connections of windings, should they loosen or hecome free.

The last turn pf eacti'winding shall be retained in a reliable manner, for example by tape, suifable bonding
agent, or retgntion’shall be implied by process technology.

Where cheekless bobbins are used, the end turns of each layer shall be retained in a reliable manner.
Each layer can, for example, be interleaved with adequate insulation material projecting beyond the end
turns of each layer and, moreover, either

— the windings shall be impregnated with hard-baking or cold-setting material, substantially
filling the intervening spaces and effectively sealing-off the end turns, or

— the windings shall be held together by means of insulating material, or

— the windings shall, for example, be fixed by process technology.
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NOTE - It is not expected that two independent fixings will become loose at the same time.
Where serrated tape is used, the serrated part is disregarded as insulation.

Compliance is checked by inspection.
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14.3.4 Separation between windings
14.3.4.1 Windings of cLass 11 construction

The separation between Hazarbous uive windings and windings intended to be connected to accessisLe
conductive parts shall consist of pousLe Or REINFORCED INSULATION according to 8.8, except that for coll
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 bousLE Or REINFORCED INSULATION @S mentioned

above.
Compliance
14.3.4.2 Win
The separatic
may consist

with:

— the
requi

— the

with fhe requirements for dielectric strength atcording to table 3, item 2;

— the

be positioned between the input and ©output windings in such a way that the screen
nts the input voltage being applied to any output winding in case of an insulation fault;

preve

— thd

the fdll width of one of the windings adjacent to the screen. A wire wound screen s

wourj

— the
simu

— thd
ensu

s checked by inspection and by measurement.
dings of cLass I construction

n between Hazarbous LivE windings and windings intended to ke connected to Ad
bf BASIC INsULATION plus proTECTIVE screeNing only if all of the following conditions
insulation between Hazarpous Live windings and the protective screen shall co

ements for sasic INsuLaTioN according to 8.8 dimensioned for the Hazarbous LivE

insulation between the protective screen.and non-Hazarbous LIVE windings shg

protective screen intended to be _connected to a PROTECTIVE EARTH TERMINAL OF Q

protective screen shall\consist of a metal foil or of a wire wound screen exte
d tight without space*between the turns;

protective screen shall be so arranged that its ends cannot touch each other
taneously an iron core, in order to prevent losses due to creation of a shorted

protective screen and its lead-out wire shall have a cross-sectional area suffi

CESSIBLE parts
are complied

mply with the
voltage;
[l comply

ontact shall
effectively

hding at least
nall be

nor touch
winding;

cient to

e that if a breakdown of insulation should occur, a fusing or interrupting devic

e will open

the c

rcuit beforethescreenmor the fead-out wire 75 destroyed;

— the lead-out wire shall be connected to the protective screen in a reliable manner, for
example by soldering, welding, riveting or crimping.

Compliance .

s checked by inspection and by measurement.
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14.3.4.3 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 iINsuLATION
according to 8.8.

Compliance is checked by inspection and by measurement.

14.3.5 Insulation between

14.3.5.1 Win

HAZARDOUS LIVE parts and AccessiBLE parts

dings of cLass 11 construction

The insulatio
ACCESSIBLE CO

and

the insulatior
winding, and

shall consist
walls providir]

Compliance

14.3.5.2 DU
The insulatio
connected to
the iron core
and

the insulatior
winding, and
TERMINAL OI' C(

shall consist

The winding
a current car

between HAazarDoUs LIVE WINAINGS and ACCESSIBLE parts or parts intended to pe
ductive parts, for example the iron core.

between Hazarpbous LIVE parts, for example the iron core cofingcted to a +
windings intended to be connected to accessieLE conductive parts,

of DouBLE Or REINFORCED INSULATION according to 8.8, excepbthat for coil formers
0 REINFORCED INSULATION a thickness of at least 0.4 mmywithout additional requiren

s checked by inspection and measurement.
Windings of cLass 1 construction

N between Hazarpous Live windings and accessisLe conductive parts or parts in
accessisLE conductive parts connected to a PROTECTIVE EARTH TERMINAL OF contact

between Hazarpous. LIVE parts, for example the iron core connected to a +
winding wires orAfeils of protective screens intended to be connected to a pr
ntact.

Df BAsiC INSULATION according to 8.8.

vires @f windings intended to be connected to a PROTECTIVE EARTH TERMINAL OF CONt

connected to

AZARDOUS LIVE

and partition
hents applies.

tended to be
, for example

AZARDOUS LIVE
PTECTIVE EARTH

act shall have

interrupting d

Compliance is checked by inspection and measurement.

14.4 DU High voltage components and assemblies

NOTE

1 — For high voltage cables reference is made to 20.1.2.

ving*Capacity sufficient to ensure that, if a breakdown of insulation should occTr, a fusing or
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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

eak) 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 the Standard Test

for High-Voltage, Low-Current, Arc Resistance of Solid Electrical Insulating Material, ASTM D495.

Components operating at voltages exceeding 4 kV (peak) and spark gaps provided to protect against

overvoltages;-f-not-otherwise-covered-by-206-1-3; shall not give rise to danger of fire to the

of the apparatus, or to any other hazard within the sense of this standard.

Compliance is checked by:

surroundings

s

- mIet/ng the requ:rement for category FA—aceerdmgto 1EC-60707-or by-thetes
- V-2 according to UL 94 and either

CO|

hducting the test in 14.4.1 in the apparatus on all exterior materials of.the con

ponent

wherg all the exterior materials are rated not less than V-2, and on allanaterials of

ny

assoctiated part that are rated not less than V-2 that are located between the comp

pnent and

condlctive part at a_different potential, where _the clearance distarice between the a

omponent

and ¢onductive part is less than the distance specified in figure 18 for the potential

involved. or

nducting the test in 14.4.2 on all exterior materials of.the component where al

CO|

of the

external materials are rated not less than HB. and on &all materials of any associatg

d part rated

not lgss than HB that are located between the componéent and a conductive part off

oppaosite

polanity where the clearance distance between thécecomponent and conductive part

is less than

the distance specified in figure 18 for the potential involved.

. such as a high-voltage transformer:

perating at voltage of more than4 kV (peak),

A componen
a)
b)

o,
Having at least one winding-connected to the mans, and

¢) Having another winding, located within the same component housing that is con

nected to an

ACCES

siBLE_part

shall withstand _the conditioning and_dielectric_voltage-withstand test described in 14.4.3. T

here _shall be

no _breakdow,

N of the insulating materials when breakdown results in a risk of electric shock.

14.4.1 DU Hligh veltage transfermers-and-muttipliers-areing test
Thron copnped fit £ st PRI n . ' .1
rTmcC  oSpPoCTlIITICTIo UT arcuaarisrouriTicTt vvrarrTuricTur mroTrc Illyll VUll.ayC VVHIU”IHJ UT UT rrc
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Fhe

A _componen,

| operating at more than 4 kV (peak) or a part of a_different potential with

ess _than the

specified clegqrance distance shall not produce a risk of fire when subjected to the following

For this test,

voltages are to be measured with and without any-accessories. with and wit

arcing test.

out any one

tube and fus

p (exclusive of copper or copper alloy links in anyoew-voltage heater circuit) di

sabled in any

manner_that

occurs _in_service, and with _any combination~of these conditions. All_contr

/s _are _to_be

adjusted to_give the maximum voltage possible with a #5eable picture. Following this a
external openating controls and all user controls that are €xternally marked to identify their
be_adjusted o _produce the maximum voltage, V1. reqardless of the effect on the picture.

voltage requ

Ating device _that continues to performyits intended function under a_single fau

pjustment, all

urpose are to
An_automatic

t condition _is

not to be ren

All compone

Hered inoperative for this test.

hts operating at_more _than 4 KV (peak) shall be conditioned for 168 hours

in_a full draft

circulating-a

oven at a temperaturé20°C higher than the normal operating tempe

fature of the

component, and not less than 70°C. \The oven is to maintain a tolerance of +2.0°C.

An_arc, using

the _enerqgy _avaifable from the high-voltage component, is to be_established

between the

component &

nd_any adjacent part of different potential where breakdown will occur _due to

deficiency in

clearance _dij

btance. The ‘arc_is to _be _used to_attempt to_ignite_exterior_materials _of the

high-voltage

component &

nd to ignite-materials of associated parts located between the high-voltage ca

mponent and

parts of diffefent potential. The arc is to be established by means of a conductive probe. The conductive

probe is to b

P used to break through unreliable insulation or to create arc tracking across

he surface of

insulating m4

teridls (for example. tube sockets. or terminal boards). The arc length devel

ped with the

probe is not t

exceed e distarnce specified i figure 18— The arcing 15 to e comntinued for £5 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-extinguishes 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.
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14.4.2 DU Component part flame test
14.4.2 revised September 9, 2002

Prior to this test, 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.

Exterior materials of a component operating at more than 4 kV (peak) shall not continue to flame for more
than 10 seconds after each application of five 15 second test flames and after the fifth application of the
test flame, conductive internal high-voltage parts shall not be exposed. The period between applications
of the flame is 15 seconds. The test flame is to be obtained from a 9.5 mm diameter Tirrill burner adjusted
to give a flame 13 cm high with a 4 cm blue inner cone. The tip of the inner cone of the flame is to be

applied to the part under test.

1443 DU H

Three sampl

igh-voltage isolating component

ps of the high-voltage component, connected as in normal operation;.are to be

conditioned in

to_reach the

winding aging _temperature. The winding _aging temperaturesis_obtained from

hir oven. The operating temperature of the oven is that requiredcfor the component winding

the horizontal

axis of figure

19. This temperature is determined by the intersection of¢he‘aging time and h

istorical _class

105 (A) syste

used shall n

t be less than the normal operating temperature of thé. winding of the compon

m response curve in figure 19. The aging time is determihned by the manufactufier. The curve

ent.

After comple

jon_of the conditioning. the samples are to be allowed to cool to room ten]

perature_and

subjected to

14.5 Protecti
The applicati

External cLeA
requirements

Compliance

the dielectric voltage-withstand test describedin 10.3.

ve devices
bn of protective devices shall be in‘accordance with their rated values.

RANCES and cREePAGE DISTANCES. Of protective devices and their connections s
for sasic INnsuLaTioN Of clause-13 for the voltage across the device when opene

s checked by measurement or calculation.

hall meet the
0.
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14.5.1 DU THERMAL RELEASES

THERMAL RELEASES Used in order to prevent the apparatus from becoming unsafe within the sense of this
standard shall comply with 14.5.1.1, or 14.5.1.2 er34-5-3:3 respectively, whichever is applicable.

14.5.1.1 DC TtHermAL cuT-ouTs shall meet-ene-of-thefollowing—reguirements: comply with UL 873 or UL
60730-2-9.
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iIncenapting

2T

Comblianecpic choplkod acecardina-to-the toct onpeificatione of =CNE0720 cpring

CUMpnartCC1o CHNCCRCUACCUramyg 1o tC1IC o SpClCcatiUns UrtTE L QU7 o0 SCTrC S, Uy iSO CClor

14.5.1.1 revised October 25, 2006
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14.5.1.2 DC TtHermAL LiNks shall meet-ene-of-the-following-requirements: comply with UL 1020.

Tha - 3 - P : i 3
Mo r IS 1Mauc— IO aimc s, Mo anuirc 1S anovwcur

14.5.1.2 revised June 23, 2000
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14.5.2 Fuse-links and fuse holders

14.5.2.1 DC Fuse-links, pIRECTLY CONNECTED TO THE MAINS, used in order to prevent the apparatus from

becoming un

ave-arated-current-outside-therange-speeified-in-that-standard UL 248-14,

Safe within the sense of this standard shall comply with the relevant part, of {E€C-606127

Compliance

14.5.2.2 DCQ
fuse-holder o

- a

s checked by inspection.

I close to the fuse-link, in the given order:
bold et i N istic:
ples-are:
Roting-aickacting;
neting-time-tag;

rated current in milliamperes_for rated currents below 1 A, and in amperes fo
hts of 1 A or more;

 voltage rating
ymbol denoting the breaking capacity of the assigned fuse-link;
pltes-are:

] " ity

For fuse-links—aceerding—te—tEC—-66127, the following marking shall be located on each

r rated

D

d " P P -
crotngcrmantt U orcanytapacity;

denoting high breaki :

Examples of marking:

F3t5torF31t5-mA+L 315 or 315 mA 125 V
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25 H-er —125-AH- 1.250r1.25 A 250V

However, it is permissible to locate the marking elsewhere, in or on the apparatus, provided that it is
obvious to which fuseholder the marking applies.

The marking may be omitted on apparatus with permanently sealed enclosures. Examples of permanently
sealing an enclosure would be sonic welding, riveting or sealing screw heads. Enclosures secured by
one-way screws are not considered permanently sealed.

Compliance

14.5.2.3 Fus
not be used.

Compliance

145.2.4 DQ
devices, accq

Fuse-holders
fuse-carrier g
parts do not k
been remove

When the fug
the test.

Compliance

S checked by inspection.
14.5.2.2 revised September 9, 2002

e holders so designed that fuse-links can be connected in parallel in"the samg

s checked by inspection.

If HazarRDOUS LIVE parts are rendered accessisLe during, réplacement of fusing
ss to such parts shall not be possible By HanD operation.

for miniature cartridge fuse-links of the screwsin or bayonet type shall, if re

HAND IS possible from the outside of the apparatus, be so constructed that
ecome accessiBLE, either during insertion orfemoval of the fuse-link, or after the

d. Fuse-helders-in-compliance-with-1EC-60127-6-satisfy-thisrequirement:

e carrier is constructed to hold the fuse-link, the fuse-link is placed in the fuse-

s checked by inspection,

b circuit, shall

r interrupting

moval of the
HAZARDOUS LIVE
fuse-link has

carrier during
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No Text on This Page
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14.5.3 DC pTC-s THERMISTORS

14.5.3 revised June 27, 2001

PTC-s THERMISTORS Used in order to prevent the apparatus from becoming unsafe within the sense of this

standard sha

Il comply with IEC 60738 or UL 1434.

Compliance is checked by inspection and by the tests 11.2 of this standard.

1454 DCH

rotective devices not mentioned in 14.5.1, 14.5.2, or 14.5.3

Such protective devices, for example fusing resistors fuse-links—nhot-—standardized—in—

miftature cirg
1417, or UL

For non-resq
protective de

Compliance
The test und
No failure is
14.6 Switchg

14.6.1 PERMA
requirement

The ALL-POLES]

uit breakers, shall have adequate breaking capacity and comply with UL 873,
P111 as applicable.

ttable protective devices, such as fuse-links, a marking shall be located
Vice, so that correct replacement is possible.

s checked by inspection and during the tests under fault conditions (see 11.2)
br fault condition is carried out three times.

hilowed.

s

NENTLY CONNECTED APPARATUS.SHall be provided with an ALL-POLE MAINS SwWITCH, €XC
pf 5.4.2 is met.

maINs switcH shallFhave a contact separation of at least 3 mm in each pole.

FC—60127 or
UL 1416, UL

close to the

ept when the
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14.6.3 DU
required-aceq

NOTE|

meany.

Where the in|
with.

Marking of th
SWITCHES.

Where marki
switched-off 1
instructions f

Compliance

14 6 A PL]
L5 UF | =AW

N apparatus Tor whiCh a MANUALLY OPERATED MECHANICAL SWITCH IS located In _th
preling-to—14-6-2, the on-position of the switch shall be indicated.

— The indication of the on-position may be in the form of marking, illumination, audiblexindication
dication is in the form of marking, the relevant requirements®of clause 5 shal
b off-position by the relevant symbol O (60417-2-IEC.5008) is permitted only for

Ng, signal lamps or similar means might give thie’impression that the apparatus
rom the mains, information which states cleaply the correct situation shall be i
br use. If symbols are used, their meaning'shall also be explained.

s checked by inspection.

P MAINS_Circuit

or other suitable

be complied

ALL-POLE MAINS

is completely
cluded in the

oo
™ VIRNUALLY

tinn A
1OT—t0

UFERATED VIEC

14.6.5 Where resistors, capacitors or RC-units are used for bridging contact gaps of mechanical switches
CONDUCTIVELY CONNECTED TO THE MAINS, the components shall comply with 14.1 a) or 14.2.2 respectively.

14.6.6 DC DU

NOTE - Switches controlling currents up to 0.2 A r.m.s. a.c. or d.c. need not meet any specification, provided that the
voltage across the open switch contacts does not exceed 35 V (peak) a.c. or 24 V d.c.

MANUALLY OPERATED MECHANICAL swiTcHEs @and relays controlling currents exceeding 0.2 A r.m.s. a.c. or d.c.

shall meet-ene-of-the—follewing: comply with the requirements of UL 1054 or UL 61058-1 or UL 508 as
applicable if the voltage across the epen switching contacts exceeds 35 V (peak) a.c. or 24 V d.c.
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A vains switch-orrelay shall be rated for the total rRaTED cuURRENT consumpTion|Of the
apgaratus.

A ratin@2of a mains switch or relay, provided on audio apparatus intended for commercial
use.lis)ito be equal to or areater than the maximum steady state (rms) curr i

WHiChever is greater.

If the switch is a mains switch or relay which controls mains socket-outlets, the total rated

current | and the peak-starge current of the socket-outlets as-speetfiee-n14-6-10 shall
be taken into account fer-the-measurement with respect to the rating.
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Aftar tho toctl tha cwiteh chall chaw na-—damance-iin-thea conca nf thic cta Aral I mavbialae] i+ clhall clhenag
AT T 1T T ol aTC SVVItCTT S1IaAln S1rmovw 110 UGIIIQUC MmO SCTIST UT UnS StaAarnuanra.i1nn 'Jal leulal, O oTanT SIrmTovy
nao—datarioration—af ite aneclaciira na-—roduecetinon—of Aand and n lancanina—af
Mo T tTTiumral M OT 1S CII\;IUQUIU, TTO TCUUCTUOUTT UT CLEARANCES AU CRECPFAGCE DISTANCES AR 171 IUUDCIIIIIU Ul
Coamnlianeco ~hanlad hhw inenapctnn-and by tho tocte eppoeifind in 14 A Q andilar-d 4 A O in thbh Aivan ardor
UTTT nmariCC 1P CIrTICCNCU U Mmoo T ClIUIT AaAria v TC TCOoto ST UITiCUu 1T £=.U. 0O Aalrnuarur L=r. U. J 1Tiure ylVUII UrTacT.
TFotatrated-eurrent-of-the-switeh-contrelled-secket-outlets—— Peak-surge-egirrent—

A A

Over25 1506
14.6.11 DU|A wmains switch provided on audio apparatus intended for household use and on all video

apparatus sh

all comply with (a), (b) or (c)y-and a switch that controls a mans connected re

ceptacle shall

comply with
a relay that ¢

b) below. The contacts ef\a mains relay shall comply with (a), (b) or (d), and th

ontrols a mains connected-receptacle shall comply with (b) or (d) below.

le contacts of

a) Satisfy the following equation for maximum current controlled by a non-TV-rated switch:
o <1414 A
in_which:
I—isthe-pealcinrush-edrrent-controlled-by-theswitch-or+etay—as-determined by

14.6.11.1, and

A is the switch or relay rms current rating in amperes.

b) Be TV-rated unless it is a keylock mains switch used in series with a mains on-off switch in a
commercial apparatus.

c) Be located on the back of the back of the apparatus and is not operable from a remote

control
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d) Comply with the test in 14.6.11.2
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14.6.11.1 DU The apparatus is to be connected to a rated supply source calibrated to represent a 20-A
household branch circuit having a momentary 1000-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.

Note: See annex Q for information concerning the 0.02 ohm resistor.

The peak inr

in_ which:

Iy IS

Ep is|

ish current is to be calculated according to the equation:

lo=Eg /R

he calculated peak inrush current of the apparatus being-tested,

the maximum value of voltage measured across the 0.02-ohm high-frequency

resistive

shun

I as displayed by the storage oscilloscope. provided that the voltage waveforn

has a

durai
Rg is

146.11.2 D

jon of at least 100 microseconds and

the exact resistance of the high-frequengy resistive shunt.

A relay shall be subjected to 25.000 cycles of operation making and breaking

he maximum

Steady-state

rms) current based on the input cturrent and the marked receptacle rating. as 4

ppropriate. A

tungsten load

During the t

is to be connected to the recéptacle for the test.

pst, exposed dead metal parts of the apparatus are to be connected to ea

rth_through _a

l-ampere pld

g fuse. and the connection is to be such that any single-pole. current-interrup

ting device is

located in th

P ungrounded conductor of the supply mains. When the apparatus is_intend

pd for use on

direct _current,

or_on _direct_current_as well_as_alternating _current, the exposed _dead _meta

parts_of the

apparatus ar¢ to be connected so as to be positive with regard to a single-pole current-interr

device. The

device is _to~be operated at a rate of no _more than 10 cycles per minute.

Lipting control
Electrical or

mechanical

reakdown‘of the control device. undue burning or pitting of the contacts. or g

ening of the

fuse in the eqrthing-connection shall not occur.

14.6.12 DU

A double-pole switch controlling two different circuits shall be suitable for the ap

lication. 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_capabilit

is 50 W or less. and
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c) The dc current is 10% or less of the ac current rating of the switch.
14.7 DU SAFETY INTERLOCKS

sAFeTY INTERLOCKS Shall be provided where access sy Hanp IS possible to areas presenting hazards in the

sense of this

standard.

For requirements and test specifications reference is made to IEC 60950, subclause 2.8 except that the

ointed test finger referred to in 9.1.1 is used to determine _accessibili

IEC 60950, 2.8.2

operation (IEC 60950, 2.8.3).

14.8 Voltage

setting devices and the like

The apparaty
nature of sup

Compliance

NOTE]
requirg

14.9 Motors

14.9.1 Moto
mechanical f
contacts and

Compliance
conditions.

a) Tl
SUPPL|
for p
In ca

NOTE

b) T
SUPPL

s shall be so constructed that changing the setting from one voltage to anethe
ply to another is unlikely to occur accidentally.

s checked by inspection and by manual test.

— Changing of the setting which necessitates consecutive movements sy\uano is deemed to
ment.

s shall be so constructed as to prevent, insprolonged intended use, any|
pilure impairing compliance with this standatd’ The insulation shall not be
connections shall be such that they do not&ork loose by heating, vibration, e
s checked by the following tests cafried out on the apparatus under nor
e apparatus is connected to1.06 times the raTep suppLy voLTace and to 0.9 tin
voLTAGE, each time for 48k} Motors for short-time or intermittent operation ar
briods in accordance with_the operating time if limited by the construction of th
se of short-time gpeération, suitable cooling intervals are inserted.

1 — It may be_convenient to carry out this test immediately after the test of 7.1.

e motar Is started 50 times while the apparatus is connected to 1.06 times th
voLTAGE and 50 times while connected to 0.9 times the RATED SUPPLY VOLTAGE,

and _interlock

r or from one

comply with this

electrical or
affected and
[C.

nal operating

hes the raTeD
e connected
e apparatus.

P RATED
pbach period
s than 10 s.

of col

inection being at least 10 times the period from start to full speed, but not les

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 10.3, no connection shall have
loosened and there shall be no deterioration impairing the safety.

NOTE

2 — For induction motors with power supplied to the stator only, see also 14.3.2.
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14.9.2 Motors shall be so constructed or mounted that wiring, windings, commutators, slip-rings,
insulations, etc., are not adversely affected by oil, grease or other substances to which they are exposed
during intended use.

Compliance is checked by inspection.
14.9.3 Moving parts liable to cause personal injury shall be so arranged or enclosed as to provide
adequate protection against this danger during intended use. Protective enclosures, guards and the like

shall have adequate mechanical strength. They shall not be removable By HaND.

Compliance is checked by inspection and by manual test.

14.9.4 For n]lotors having phase-shifiing capaciiors, three-phase motors and series motor$, IEC 60950,
annex B, clalises B.8, B.9 and B.10, apply additionally.

14.10 Batteries

14.10.1 Batt¢ries shall be so mounted that there is no risk of the accumulation-of flammaljle gases and
that the leakgge of liquid cannot impair any insulation.

Compliance fs checked by inspection.
14.10.2 If it |s possible for the user to replace rechargeable fatteries, which can be reclarged in the
apparatus, by non-rechargeable batteries, special means, Such as a separate charging |contact on a
rechargeablg special battery-pack, shall be provided te avoid any current being supplied into the
non-rechargdable batteries.

This requirenmient does not apply to batteries inside-the apparatus, the replacement of whigh by the user
is not intendgd, for example batteries for memaries.

Compliance fs checked by inspection.
NOTE]|- Additional requirements regarding the instructions for use are given in 5.4.1.
14.10.3 Under normal operating conditions and under fault conditions:
— for rechargeable batteries neither the charging current nor the charging time,

— forf lithium(batteries neither the discharging current nor the reverse current,

shall exceed [thepermissible values given by the battery manufacturer.

Compliance is checked by measurement.

Lithium batteries shall be removed from the circuit and replaced by a short-circuit when measuring
currents.

14.10.4 DU An apparatus intended for use with an external battery shall be provided with an overcurrent
protective device in the battery-supply circuit.

The overcurrent protective device shall be in the battery connecting means (such as a connector plug) or
in the lead wire not more than 15 cm from the battery connector.
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14.10.5 DU Battery temperature stability

A fully rechargeable battery provided with the apparatus shall withstand the test described in 12.1.5
without release of corrosive material.

14.10.6 DU Battery drop

Each of three samples of a fully rechargeable battery provided with an apparatus is to be subjected to a
single drop through a distance of 1 m to strike a hardwood surface as described in 12.1.4 without resulting
in leakage of the electrolyte.

14.11 DC Optocouplers

Component

14.11 revised June 27, 2001

ower supplies and their optocouplers complying with the construction and-test

reqguirements

of UL 1310,

UL 1950, Third Edition. or UL 60950 are considered to fulfill the™construg

tion and test

requirements

Optocouplers
requirements

Optocouplerd

of this sub-clause.

in UL 1577.

bridging reinForceD iNsuLATiON Shall comply with thel applicable requiremen

shall comply with the constructional requirements of clause 8_and comply with the

s for double

protected opt

Internal and
NOTE

15 TERMINALS

15.1 Plugs and sockets

15.1.1 DC I
socket-outlet
the relevant
couplers. Th

ocouplers as specified in UL 1577.

bxternal cLearances and crReePAGE DISTANCES Of Bptocouplers shall comply with 13

— The internal boundaries are not considered to bevreliable joints.

DR DU Plugs and appliance couplers for the connection of the apparatus to
5 and interconnectioncouplers for providing mains power to other apparatus shal

attachment plaa;shall have a current rating no lower than 125% of the current

1.1

the mains and
| comply with

tE€ UL standards-for plugs and socket-outlets, appliance couplers or inferconnection

drawn by the

apparatus un

der normal operating conditions and a voltage rating appropriate for the rated v

oltage for the

apparatus. W

hen the @pparatus is capable of being adapted for use on two or more dif

ferent_supply

voltages b eans of an input selector, the attachment plug provided with the apparatus shdll be rated for
the voltage fgr which the agéaratus is intended to be connected when it is shi;ged from thi factor&.

The attachm

ent_plug _cap _shnall be a polarized type when the apparatus IS provided WIT

N_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. line connected, single-pole on-off switch
shall not be connected to the identified grounded circuit conductor.
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NOTE
conditi

NOTE

1
ons are valid for plugs and socket-outlets.

2 —

provided with a rewirable plug, provided that the plug complies with the national regulations.

— In Australia, Denmark, Japan, New Zealand, South Africa, Switzerland and the United Kingdom,

special national

In South Africa, where a cordset is used as the means of connection to the supply mains, this cordset may be

MAINs socket-outlets and interconnection couplers mounted on ciass 1 apparatus shall only permit
connection of other cLass 1 apparatus.

MAINs socket-outlets and interconnection couplers mounted on cLass | apparatus shall—either—allow

connection-of-ctasstapparatus-enty-or shall be provided with protective earth contacts which are reliably

connected to

the PROTECTIVE EARTH TERMINAL OF contact of the apparatus.

NOTE
same

NOTE
60906

For apparatu
ensure that
overloaded,

NOTE

Internal wiri
€eress-section

of 16.2 based on the marked rating of the socket outlet but not less than 18 AWG.

Compliance

15.1.2 DUC
a shape that

NOTE
IEC 6

FEqi
Sockets for
designed, th

A
[
e
[e

if the rated current of the plug or appliance connector.js less than 16 A.

3 — For cuass 1 apparatus, provision for both kinds of socket-outlets and interconnection couplers
pparatus.

4 — Socket-outlets allowing only the connection of cLass 1 apparatus can be designed, for instandg
1, standard sheets 3-1 or 3-2, or according to IEC 60320-2-2, standard sheets'Dyor H.

plugs or appliance inlets for the connection of the apparatus to the wmai

5 — Marking of the socket-outlets is not considered to be a\suitable measure to prevent overloadi

g of socket-outlets providing mains power to other apparatus shall hav

al-area-as-speeified-in16-2-forexternal-flexible-eerds comply with the wire size

s checked according to the relevant standards, by inspection and according td
16.1.1 revised June 27, 2001

onnectors other than forconnecting mains power, shall be so designed that the
insertion into a mainsisocket-outlet or appliance coupler is unlikely to occur.

— Examples of connectors meeting this requirement are those constructed according to IEC 60130
130-9 [2], IEC.60169-2 or IEC 60169-3 [3], when used as prescribed. Ar-example-of-a-connecto

" "

udio ‘and video circuits of Loab Transpucers indicated with the symbol of 5.2 |
itnaplug for antenna and earth, for audio and video circuits of LoAD TRANSDUCER

s allowed on the

e, similar to IEC

5 with socket-outlets providing mains power to other apparatus, measures shall be taken to

s cannot be

hg.
e—a—noeminat
requirements

16.2.

blug has such

-2, IEC 60130-8,
Hret-meeting-the

) shall be so
s and SouRcE

TRANSDUCERS @

na 1or data and similar Circuits which are not idicated with the symbol of 5.2

inserted into them.

Compliance is checked by inspection.

), cannot be
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15.1.3 TermiNALs @nd connectors used in output circuits of suppLy apPARATUS, WhOse output voltage is not a
standard nominal mains voltage according to IEC 60038, table I, shall not be compatible with those
specified for household and similar general purposes, for example those described in IEC 60083 [1], IEC
60320, IEC 60884, IEC 60906.

Compliance is checked by inspection and by manual tests.

The TerminaL O connector shall be designed for the loading which may appear under normal operating
conditions and during intended use.

Compliance is checked according to IEC 60320 as far as safety is concerned, for instance with regard to
shock hazard and heating.

15.1.3.1 DH An aubio ampLIFIER_having an open-circuit audio output voltage not limited\te’[120 V that is
permanently fonnected to the mains shall be provided with a means for connection complying with 1..21.1.1
—1.21.1.7, and wire-binding screws., No. 6-32 (3.5 mm diameter) or larger. quicksconnect TERmINALS, OF
leads. When jwire-binding screws are provided, the screws shall comply with the\réquirements in 1..21.3.1
—1.21.3.5.

When guick-¢onnect TerminaLs are provided. the terminats shall comply with' the following requirements:

ale tabs shall be firmly mounted in place.

ating female connectors shall be provided with the ‘apparatus.

) Strain relief that complies with 16.5. and ass@gtiated installation instructions, shall be

rovifled to prevent stress being transmitted. to-the TerminaLs wWhen a disconnected terminal can
ontgdct a Hazarbous LIvE part or an accessible dead metal part.

O

-

Q)

o

) Tlpe installation instructions shall include information for assembly of a terminal {o a

ondlictor, and the utilization of straini relief as follows:

(]

1) the tool designatien! if a tool is to be used during the assembly

2) instruction forthe preparation of conductors, such as twisting strands offconductors
together before“assembly,

3) thedsize and type of wire (solid or stranded). and

4)Nidentification of the strain relief means and instruction for its use if requifed by c)

above, and

e) The gquick connect terminALs Shall be appropriate for the use with the size and type (solid or

stranded) of wire specified.

15.1.3.1 revised June 27, 2001
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15.1.3.2 DR An aubio ampLIFIER having an open-circuit audio output voltage not limited to 120 V that is
connected to the mains by means of a flexible cord shall be provided with one of the following:

a) A length of permanently attached Type SPT-2, NISPT-2, SV, SJ flexible cord or the
equivalent, and an appliance coupler. The cord shall be provided with strain relief and a
bushing complying with the requirements in 16.3 — 16.5, or

b

An opening that permits the field installation of a flexible cord and wire-binding screws

uick

connect TermiNALS OF leads as described in 15.1.3.1. Such an opening shall be provided with an
insulating bushing as described in 16.5, or

c) A receptacle for plug-in connections.

15.2 DR Prgvisions for protective earthing

15.1.3.2 revised June 27, 2001

15.2 revised September 9, 2002

accessiBLE colductive parts of cLass | apparatus, which might assume a hazardous voltage in the event of

a single insu
reliably conn

Protective earth circuits shall not contain switches or fuses.

In supPLY APPA

to the protecfive earth conductor.

The earthing
cross-section

Protective ed
green/yellow

a) fo
b) fo
printe

cond

Wires identifi
connections.

lation fault in Basic INnsuLaTiON, and the protective earth contacts of socket-ou
bcted to @ PROTECTIVE EARTH TERMINAL Within the apparatus.

rATUS Of cLass | with non-HazarDous LIVE output voltage, output circuits shall not

al area than the current-carrying conductors in the supply cord or cable.

irth conductors may be bare.dp insulated. If insulated, the insulation shall
except in the following two cases:

I earthing braids, the insulation shall be either green or green/yellow or transp
I internal protective,'conductors in assemblies such as ribbon cables, busbars,
d wiring, etc., any colour may be used provided that no misinterpretation of th

ictor is likely\to arise.

bd by the/ colour combination green or green/yellow shall be used only for pr

tlets shall be

be connected

conductor in a supply cord, or in an interconnecting cable shall have an equivalent or larger

be green or
arent;
flexible

e use of the

ptective earth

For PERMANENTLY CONNECTED APPARATUS and for apparatus provided with a non-detachable flexible cord or
cable, a separate proTeCTIVE EARTH TERMINAL Shall be used, located adjacent to the mains TErminaLs and shall
comply with the requirements of 15.3 and, moreover, shall not serve to fix any other component.

If parts removable sy HanD have a protective earth 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 earth connection is interrupted when removing the

part.

Conductive parts in contact with protective earth connections shall not be subject to significant corrosion
due to electrochemical action. Combinations above the line in annex F shall be avoided.
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The proTeECTIVE EARTH TERMINAL Shall be resistant to significant corrosion.
NOTE 1 — Corrosion resistance may be achieved by a suitable plating or coating process.

Compliance is checked by inspection and by reference to the table of electro-chemical potentials in annex
F.

The resistance of the connection between the proTECTIVE EARTH TERMINAL OF contact, and parts required to
be connected thereto, shall not exceed 0.1 Q.

Compliance is checked by the following test:

The test shall be carried out for T min with a test current of 25 A a.c. or d.c. The test voltage shall not
exceed 12 V.

NOTE|2 — In Canada, a 30 A test current is used.

The voltage frop between the proTECTIVE EARTH TERMINAL OF contact and the past'to be conrlected thereto
shall be meagured and the resistance is calculated from the current and this yvoltage drop. The resistance
of the protegtive earth conductor of the power supply cord shall not-be included in the resistance
measuremery.
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NOTE 3 — Care should be taken that the contact resistance between the tip of the measuring probe and the metal part

under

15.3 terminaLs for external flexible cords and for permanent connection to the

test does not influence the test result.

MAINS supply

15.3.1 PERMANENTLY CONNECTED APPARATUS Shall be provided with TErmINALS in which connection is made by
means of screws, nuts or equally effective devices, for example screwless type clamping units according
to IEC 60998-2-2 or TerminaLs according to IEC 60999.

Compliance is checked by inspection.

For inlet openings, reference is made to IEC 60335-1.

15.3.2 For a
to the interna
electrical ang
conductor of
PRINTED BOARD

Soldered, cri
soldered or

cannot be re
soldered joint
in such a way

Compliance
the connectid

15.3.3 Screy
with ISO 261
to fix any oth
that they are

NOTE
supply

Compliance

15.3.4 For tH

bparatus with non-detachable mains supply cords, the connection of the individu
|l wiring of the apparatus shall be accomplished by any means that wilk.prov

mechanical connection, except that the supply conductors and the “prote
a non-detachable mains cord or cable shall not be soldered directly)to the co

mped and similar connections may be used for the connection of external co
rimped connections, barriers shall be provided so that(¢learances and crees
juced to less than the values specified in clause 13-should the conductor breg
or slip out of a crimped connection. Alternatively,4he-conductors shall be posit
that reliance is not placed upon the connection-alone to maintain the conducto

s checked by inspection, and, in case of doubt, by applying a pull of 5 N in ar
n.

s and nuts which clamp external_mains supply conductors shall have a thred
or ISO 262, or a thread comparable in pitch and mechanical strength. They s
br component, except that they may also clamp internal conductors if these arg
unlikely to be displaced when fitting the mains supply conductors.

— The terminations of a cemponent (for example a switch) built into the apparatus may be used ag
of mains power to therapparatus, provided that they comply with the requirements of 15.3.1.

s checked byiinspection.

e purpase of applying the requirements for mains supply cords:

— it

al conductors
ide a reliable
ttive earthing
hductors of a

nductors. For
AGE DISTANCES
ak away at a
oned or fixed
rs in position.

y direction to

d conforming
hall not serve
b SO arranged

TerminALs for the

5«asstmed that two independent fixings will not become loose at the same tim

€,

— conductors connected by soldering are not considered to be adequately fixed unless they are
held in place near to the termination, independently of the solder. However, "hooking-in" before
the soldering is, in general, considered to be a suitable means for maintaining the conductors of
a mains supply cord in position, provided that the hole through which the conductor is passed is

not u

nduly large;

— conductors connected to TErmINALS OF terminations by other means are not considered to be
adequately fixed unless an additional fixing is provided near to the TermiNAL OF termination; this
additional fixing may clamp both the insulation and the conductor.
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15.3.5 DR TerminaLs for external flexible cords shall allow the connection of conductors having nominal
cross-sectional areas as shown in table 7.

For rated currents exceeding 46 13 A, reference is made to {E€-60950,table-13 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 7.

Table 7 DR — Nominal cross-sectional area to be accepted by

TERMINALS

Table 7 revised September 9, 2002

RATED

A

CURRENT consumpTion Of the apparatus

- -
mm?Z AWG

Up to and incly

Over-3-up-to-af
Over 6 2 up to
Over 10 up to 4

fing 3 2#

. ;
and including10 *
nd including 46 13*

0-5-t6-6-75,20
075462
1124518
6

50251

* The RATED cuR
apparatus.

RENT consumpTion includes currents which can be drawn from socket-outlets providing mains power f

# mains plug is fprovided with a 2 A fuse and the apparatus is not provided with a_seCket outlet.

r other

15.3.6 TERMIN
Stud TERMINAL]
For rated cur|

Compliance

5 shall be provided with washers.

s according to 15.3.3 shall have minimum sizes as shown in table 8.

Fents over 16 A, reference is made todEC 60950, table 14.
s checked by measurement and-inspection.

Table 8 —-Minimum nominal thread diameter

RATED CURR

ENT consumpTion Of the
hpparatus*

Minimum nominal thread diameter
mm

A

Pillar type or stud type

Screw type|

Up to and inclu
Over 10 up to

ding 10
nd including 46

3
3.5

35
4

* The RATED CUR]
apparatus.

RENT conslmerion includes currents which can be drawn from socket-outlets providing mains power fi

br other

15.3.7 TERMIN

surfaces with

tHe—ooHToorotoT

sufficient contact pressure and without damage to the conductor.

TErRMINALS Shall be so designed or located that the conductor cannot slip out when the clamping screws or
nuts are tightened.

TerMINALS Shall be so fixed that, when the means of clamping the conductor is tightened or loosened:

— the termiNnAL itself does not work loose;

— internal wiring is not subjected to stress;
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— CLEARANCES and creepAaGE DISTANCES are not reduced below the values specified in clause 13.
Compliance is checked by inspection and measurement.
15.3.8 TERMINALS in circuits carrying a current exceeding 0.2 A under normal operation 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 TterminaL shall be located in proximity to its

correspondin
Compliance

TERMINALS Shal
when the corf

AC

— co
cond

Compliance
the escape 0

An 8 mm lenq
nominal cros
shall be fully

Without teari
making sharf

If the condud
is connected
conductive p

If the condud

J TERMINALS OT different potential and 10 the PROTECTIVE EARTH TERMINAL, IT any.
s checked by inspection.

| be so located, guarded or insulated that, should a strand of alexible cond
ductor is fitted, there is no risk of accidental contact between stich’a strand a

EssiBLE conductive parts or conductive parts connected to them,

hductive parts not connected to the proTecTIVE EARTH FERMINAL and separated fro
ictive parts by suppLEMENTARY INsULATION oOnNly.

s checked by inspection and, unless a special eord is prepared in such a way
f strands, by the following test.

hth of insulation shall be removed from-the end of a flexible conductor having th
5-sectional area. One wire of the stranded conductor shall be left free and th
inserted into, and clamped in theyTeErmMINAL.

ng the insulation back, thelfree wire shall be bent in every possible directio
bends round a guard.

tor is HazarDoOUS wveNthe free wire shall not touch any conductive part which ig
to an accessigie,conductive part or, in the case of apparatus with pousLE |
Qrt which is_separated from accessisLe conductive parts by SUPPLEMENTARY INSULA]

for is conhected to an earthing terminaL, the free wire shall not touch any Hazar

uctor escape
nd:

M ACCESSIBLE

as to prevent

e appropriate
e other wires

0, but without

ACCESSIBLE Of
SULATION, any
ion only.

Dous LIVE part.
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15.4 DC Devices forming a part of the  wmains plug
15.4 revised June 27, 2001

Component power supply adapters and their blades complying with the construction and test
requirements of UL 1310, UL 1950, Third Edition, or UL 60950 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 fentre lines of the contact tubes of the socket-outlet at a distance of 8 .min behind the
engagement [face of the socket-outlet.

With the deice not in engagement, the balancing arm is in equilibrium, the efigagement face of the
socket-outlet|being in the vertical position.

After the deyice has been engaged, the torque to be applied to thelsocket-outlet to| maintain its
engagement fface in the vertical plane is determined by the position of a.weight on the balanging arm. The
torque shall mot exceed 0.25 Nm.
NOTE|- This test is compatible with the test described in the IEC 6@884<1.
15.4.2 The device shall comply with the standards for the*dimensions of mains plugs.
Compliance fs checked by measurement in accordance with the relevant standard.
NOTE|- The dimensions of some types of mains plugs are specified in IEC 60083.
15.4.3 The device shall have adequate méchanical strength.
Compliance fs checked by inspectiornand 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 fron being
dropped 1 m anto a horizontal surface in positions likely to produce the most advelse results.

The horizontal surface shall consist of hardwood of at least 13 mm thick, mounted pn two layers
of plywoed each 19 mm to 20 mm thick, all supported on a concrete or equivalent hon-resilient
floor.

After the test, the specimen shall comply with the requirements of this standard, but it need not
be operational.

NOTE 1 — Small pieces may be broken off, provided that the protection against electric shock is not affected.

NOTE 2 — Distortion of pins and damage to the finish and small dents which do not reduce the cLeaRANCES OF CREEPAGE
bistances below the values specified in clause 13, are neglected.
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b) The pins shall not turn when a torque of 0.4 Nm is applied, first in one direction for 1 min
and then in the opposite direction for 1 min.

NOTE 3 — This test is not carried out if rotation of the pins does not impair safety in the sense of this standard.

c) A pull force as given in table 9 is applied, without jerks, for 1 min on each pin in turn, in the
direction of the longitudinal axis of the pin.

The pull force is applied within a heating cabinet at a temperature of (70 £2)°C, 1 h after the
device has been placed in the heating cabinet.

After the test, the device is allowed to cool down to ambient temperature, no pin shall have

been|

For the purpq
pole.

Tests b) and

aisplaced in the body of the device by more than 1 mm.

se of this test, protective earth contacts, irrespective of their number, are.cons

c) are made separately, each with new samples.

Table 9 — Pull force on pins

dered as one

Pullf force
Rating of the equivalent plug type Nurnber of poles N
Up to and including 10 A 2 40
130/25(¢ V 3 50
Over 10 A up tp and including 16 A 2 50
130/25(¢ V 3 54
Over 10 A up tp and including 16A 3 54
440 V More than 3 70
16 External {lexible cords
16.1 DC DR wmains supply flexible cords shall be of the sheathed type complying with {E€-6p227ferPVC
cords—er—aceprding—to—1EC-60245Ffor—synthetic—rubber—eords UL 817, be marked VW-1 jand have an
ampacity notjless than the curfent drawn by the apparatus. The specific types of flexible cgrds are to be
as indicated In table 9A.
NOTE|1 — In Australia’and New Zealand special national conditions apply for external flexible cords.
Coamnlianeco ~rharland hyv tactina crnnhs floviihlo ~ordce in - aceonrdanco wuaath 1= AN227 Ay 1= £N245
CUrmronmaricC 1p CRCUNCU T TCOotTr ly WVIATINS JM’JHI)' TICATOIC CUTUS TTT Ao lurTuaricC wiItitT 1o ouZ L7 VI T O UUZJ.

Non-detacha

le flexible cables and cords of cLass 1 apparatus shall be provided with a green or

green/yellow core connected to the proTeCTIVE EARTH TERMINAL Of the apparatus and, if a plug is provided, to
the protective earth contact of the plug.

Compliance is checked by inspection.

16.1 revised September 9, 2002
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Table 9A DU — Cords for apparatus

Table 9A revised April 12, 2002

Apparatus type

Cord type

Cord length, m P

Portable, table-top, floor standing and rack- SPT-2, NISPT-23 SV, SVT, SVE, SJ. SJT. SJE 1.5 minimum

mounted audio and video apparatus

Household musical instruments SPT-2. NISPT-23 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 porTasLE ApparATUS With cord SPT-2, NISPT-22 1.5 minimum

storage compartment

Commercial amplifier-speakers, musical SJ. SJT. SJE 7.5 maximum

instruments andl sound s;(stemsd

b The length of

2 May be replated with appliance wiring material construction that has been determined to be equivalent.
a flexible cord on an apparatus intended for a special installation is not prohibited from beéing lesg

than

specified.
¢ A coffee-tablg

type apparatus is a type that is finished on all four sides and intended for use inhe center of thé¢ room.

dA system conpprised of a number of different components as may be found in a school systenior language teafhing system.

16.2 DR Poyver supply cord conductors shall have a neminal-cross-sectionat-area wire size[not less than

those shown

as the other ¢onductors in the cord.

For higher cUrrents, reference is made to tEC-60950;table-43Article 400 of the National El

ANSI/NEPA T0.

Compliance

s checked by measurement.

16.2 tevised June 27, 2001

n table 10. An integral earthing conductor, if provided{shall have at least the same wire size

pctrical Code
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Table 10 DR—- Wire sizes of external flexible cords

Table 10 revised June 27, 2001

RATED_CURRENT coNsumpTion Of the

up to and including 22

over 2 up to and including 10
over 10 up to and including 12
over 12 up to and including 13
over 13 up to and including 18

over 18 up to gndncluding 25
over 25 up to and including 30

apparatus Y Wire size
A American Wire Gauge (AWG) Nominal cross-sectional area mm__2
20 0.52
18 0.82
17 10
16 13
14 21
i< 3.5
10 5.8

apparatus.

1 The ratep curent consumpTion includes currents which can be drawn from socket-outlets providing manis)pewer for other

2 20 AWG may be used as indicated provided that the mamns plug is provided with a 2 A fuse maximum and the &pparatus is

not provided with a socket outlet.

16.3 DU

a) Flexible cords, not complying with 16.1, used as a cgnnection between the apparatus and
otherl apparatus used in combination with it, and comprising Hazarbous Live conductgrs, shall
have|adequate dielectric strength.

Compliance is checked by applying the dielectric strength test using a sample of af

bproximately

1 m fength and by applying the relevant test\oltage according to 10.3 for the gradg of
insul@tion under consideration as follows:

NOTE|- Where a_power supply cord, whose insulating properties comply with those of the cord types
inside [the equipment, either as an extension of the external power supply cord or as an independent ca
considered te-be adequate suppLEMENTARY INsuLaTION for the purposes of this subclause.

b) Flexible cords not complying with 16.1, used as connection hetween the apparatus and other

— for insulation of a conduttor: by the voltage test method given in IEC 6(4885-1,
subclauses 3.1 and 3.2;

— for suppLEMENTARY INSULATION, for example sleeving around a group of confluctors:
between a conductor inserted into the sleeve and metal foil wrapped tightly] round the
sleeve for a length of at least 100 mm.

apparatus used in combination with it, and comprising Hazarbous Live conductors, shall withstand
bending and other mechanical stresses occurring during intended use.

Compliance is checked by the test of IEC 60227-2, subclause 3.1, except that the table 11

applies.

The carrier moves to and fro 15,000 times (30,000 movements).

The voltage U between the conductors is the test voltage according to 10.3.

of 16.1, is used
ble, its sheath is
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During and after the test, the specimen shall withstand the dielectric strength test specified in

10.3.

c) Flexible cords not complying with 16.1. used as connection between the apparatus and other

apparatus used in combination with it, and comprising Hazarbous Live conductors, shall be
ed VW-1.

mark

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

carrying a current exceeding 0.2 A, shall be rated VW-1.

16.3 revised June 23, 2000

eak) a.c. or d.c. or

Table 11 — Mass and pulley diameter for stress test

Overall diatneter of the flexible cable or cord Mass Pulley diamete
mm kg mm
Up to and including 6 1.0 60
Over 6 up to and including 12 15 120
Over 12 up to @nd including 20 2.0 180

16.4 Condug
in combinatid
under norma

Compliance
determined U
exceed the Vi

n with it shall have a cross-sectional area such that)the temperature rise of
operating conditions and under fault conditions.is‘negligible.

s checked by inspection. In case of doubt,“the temperature rises of the
nder normal operating conditions and under fault conditions. The temperature
alues given in the appropriate columns- of table 2.

tors of flexible cords used as a connection between thg-apparatus and other af

paratus used
the insulation

nsulation are
ises shall not
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16.5 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 impair 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 [material other than natural rubber, If an Insulation fault of the cord may m3

conductive p
For cLass 1 af
the conducto
HAZARDOUS LIVH
the cord slips
Compliance

The test is m
The apparaty
The conductd

that the cond

After this pre
hazard in the

A mark is ma
to a pull of 4

Immediately
During the t€
the cord is st

and no damdg

16.6 Apertur

IS HAZARDOUS LIVE.

paratus, the arrangement of the TerminaLs for the mains supply flexiblescord, or
s between the device for strain and twist relief and the terminats, shall be
conductors become taut before the conductor connected to thé&BROTECTIVE EAR
out of the device for strain and twist relief.

s checked by inspection and by the following test.

ade 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 appro
rs are introduced into the TerminaLs, and théZerminaL Screws, if any, are slightly

uctors cannot easily change their position.

paration, pushing the cord further into the apparatus shall not be possible or
sense of this standard.

de on the cord, under straify/near the aperture, and the flexible cord is subjec
D N for a duration of 1 s\each. The pull shall not be applied in jerks.

hiterwards, the cord\is subjected for a period of 1 min to a torque of 0.25 Nm.
st, the cord_shall not be displaced by more than 2 mm, the measurement bein|

Il under strain. The ends of the conductors shall not be noticeably displaced in
ge to the)flexible cord shall be caused by the device for strain and twist relief.

)ke AccessiBLE

the length of
such that the
TH TERMINAL, if

priately used.
tightened, so

hall cause no

ted 100 times

g made while
the TERMINALS

bs for external flexible cords mentioned in 16.5 shall be so constructed that th

ere is no risk

of damage t

thecorddurng it imroduction or SubSequent TTTOVETTTENt:

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.
16.7 TRANSPORTABLE APPARATUS, being musical instruments and their associated amplifiers, 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 a compartment, hooks or pegs.

Compliance is checked by inspection.
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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 loosened and tightened several times shall have adequate strength.

Screws exerting contact pressure and screws with a nominal diameter less than 3 mm which form part of
the above-mentioned screw fixings shall screw into a metal nut or a metal insert.

However, screws having a nominal diameter less than 3 mm, which do not exert contact pressure, need
not be screwed into metal, provided that the screw fixing withstands the torque specified in table 12 for
screws of 3 mm diameter.

Screw fixingg which during the Tife of the apparafus will be Toosened and tightened severaltimes include
TERMINAL ScreWs, screws for fixing covers (as far as they must be loosened to open the appafjatus), screws
for fixing hanfles, knobs, legs, stands and the like.

Compliance ts checked by the following test.

The screws gre loosened and then tightened, with a torque according to table 12:

— 5ltimes in the case of screws operating in a thread in metal;

— 10 times in the case of screws operating in wood, WwoOp-BASED MATERIAL OF in a thfead in
insulating material.

In the latter dase, the screws are to be completely removed and reinserted each time.

The screws ghall not be tightened in jerks.

After the test| there shall be no deterioration dmpairing safety in the sense of this standard.
The material|in which the screws are insetted is verified by inspection.

The test is mlade by means of a suitable test screwdriver, spanner or key, applying a torqué as shown in
table 12, the|appropriate columi being:
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— for metal screws without heads, if the screw, when tightened, does not protrude from the hole: 1

— for other metal screws and for nuts:

— for screws of insulating material:

1

. having a hexagonal head with the dimension across flats exceeding the overall thread

diameter, or

. with a cylindrical head and a socket for a key, the socket having a dimension across flats

not less than 0.83 times the overall thread diameter, or

. with a head having a slot or cross slots, the length of which exceeds 1.5 times the overall |l

mread aiameter.

— for other screws of insulating material:

Table 12 — Torque to be applied to screws

1

Torque
Nominal diameter of screw Nm
mm | 1l I

Up to and including 2.8 0.2 0.4 0.4
Over 2.8 up to pnd including 3.0 0.25 0.5 0.5
Over 3.0 up to pnd including 3.2 0.3 0.6 0.6
Over 3.2 up to pnd including 3.6 04 0.8 0.6
Over 3.6 up to pnd including 4.1 0.7 1.2 0.6
Over 4.1 up to pnd including 4.7 0.8 1.8 0.9
Over 4.7 up to pnd including 5.3 0.8 2.0 1.0
Over 5.3 up to pnd including 6.0 - 25 1.25
17.2 Means|shall be provided to ensute the correct introduction of screws into female threads in

non-metallic
and contribut]

Compliance

NOTE
the sc

17.3 Screws

shall be capt

ve-in order to

s checked by inspection and by manual test.

— This requireément is deemed to be met if introduction in a slanting manner is prevented, for ex
ew in the-part to be fixed by a recess in the nut or a lead to the screw.

orther fixing devices intended to fix back covers, bottom covers, legs, stan
revent replacement during servicing by screws or other fixing devices, which

material, if they will be lgosened and tightened several times during the life of the apparatus
P to safety in the sense of this standard.

mple by guiding

s or the like,

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 and a
length of 10 times its nominal diameter, the distances are not less than those stated in clause 13.

Compliance is checked by inspection and measurement.
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17.4 Conductive parts permanently fixed together and carrying a current exceeding 0.2 A across their
interface under normal operating conditions shall be secured in such a way that loosening is prevented.

Compliance is checked by inspection and by manual test.

NOTE 1 - Sealing by compound or the like provides satisfactory locking only for screw connections not subject to torsion.

NOTE

2 — If the fixing consists of more than one screw or rivet, only one of them need be locked.

NOTE 3 — For rivets, a non-circular shank or an appropriate notch may be a sufficient guard against rotation.

17.5 Electrical connections in circuits carrying a current exceeding 0.2 A under normal operation

conditions s

than ceramid, unless there is sufficient resiliency in the metallic parts to compensatenfor
shrinkage of the insulating material.

Compliance

17.6 Strandgqd conductors of flexible supply cords carrying a current exceeding 0.2 A
operating copditions, which are connected to screw TerminaLs, shalk net be consolidate

soldering wh
is no risk of §

Compliance

17.7 Cover-f|
mechanical s

The locked al
to unlock the

Compliance

n
linea
this d
twicq
locki

This

[T be so designed that contact pressure IS not transmitted through insulating material other

checked by inspection

re they are subject to contact pressure, unless the clamping means is so desig
L bad contact due to cold flow of the solder.

s checked by inspection.

trength, if the failure of such devices wotld impair safety in the sense of this g

nd unlocked positions of these devices shall not be ambiguous, and it shall ng
devices inadvertently.

s checked by inspection, hy~operating the device and by one of the following 1

the case of devicesithe operation of which is effected by a combination of rof
- movements, the-device is locked and unlocked and the torques or forces ned
peration are méasured. While the device is in the locked position, a torque or|
the value négessary to lock the device, with a minimum of 1 Nm or 10 N is a
g directian,-unless it is unlocked by a smaller torque or force in the same dirg

pperation is performed 10 times.

any possible

inder normal
d by lead-tin
ned that there

xing devices which may be operated duringsthe life of the apparatus, shall have adequate

tandard.

t be possible

lests:

ary and
essary for
force of
bplied in the
ction.

The

orque Or 1oTce TTecessary to unfock the device stialt beat feast o1 Nmror 1N

— In the case of covers fixed by means of snap fasteners, the cover is removed and replaced
10 times in the intended way.

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).
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17.8 DU Detachable legs et 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 fixing means are not required when installation is to be done by a skiLLED PERSON.
Compliance is checked by inspection.

17.9 Internal pluggable connections shall be so designed that unintended loosening is unlikely, if the
loosening can impair the safety in the sense of this standard.

Compliance is checked by inspection and in case of doubt by applying a pull of 2 N in any direction to the
connection.

NOTE|- For other internal connections see 8.11.

17.10 DU Aluminum_conductors. insulated or uninsulated. used as internah wiring.|such as for

interconnectipn between current carrying parts or as transformer windings, ,shall be terminated by a
method capable of being used in the combination of metals involved at the connection point.

17.11 DU Ah accessory shall be investigated to determine that:

a) thie accessory, and the combination of the accessory and{the apparatus shall present no
azald in the sense of this standard and

-y

(=

thie accessory is provided with installation instructions.

17.11.1 DU|The installation of an accessory by a skittep person shall be such that:

a) Tihe mechanical positioning is accomplished by means of tools normally available or by
means of special tools provided by the organization responsible for providing the apparatus as
part ¢f the installation kit, and

b) thie electrical connections‘are made by using existing TerminaLs and connections|in the
apparatus or the buildingwiring.
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18 DU Mechanical strength of picture tubes and protection against the effects of implosion

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.

18.1 DU Picture tubes with a maximum face dimension exceeding 46 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 non-intrinsically protected picture tube shall be provided with an effective protective screen which

cannot be removed sy HanD Or be totally enclosed. including the face, in an enclosure as described above.
If a separate [SCreen of glass IS used, It shall not be In contact with the surface of the tube.

Compliance fs checked by inspection, by measurement, and by the tests of:
— 182 for intrinsically protected tubes, including those having integral protective sdreens;
— 183 for apparatus having non-intrinsically protected tubes.

NOTE|1 — A picture tube is considered to be intrinsically protected with respect to the effects of implosgion if, when it is
correcfly mounted, no additional protection is necessary.

NOTE|2 — To facilitate the tests, the tube manufacturer may indicate the most vulnerable area on the tupes to be tested.

18.2 DC Intfinsically protected picture tubes, including.those having integral protective screens
18.2 revised October 25, 2006

Picture tubes employing integral implosion protection shall comply with UL 61965.
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t capable of being
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metnod described in UL 61965 s 10 be used.
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induced by the thermal Shock method, the high ener

licable requirements in UL 61965.

Compliance is checked by the a
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19 DU Stability and mechanical hazards

Revised 19 effective July 1, 2004

Apparatus having a mass exceeding 48 7 kg shall have adequate stability.

In addition, the stability shall be ensured when legs e+stands supplied by the manufacturer are fitted.

Compliance is checked by the tests of 19.1, and 19.2, 19.2.1 and 19.2.2.

Apparatus whose functionality requires it to be fastened in place is not required to be subjected to these
tests, and the tests in 19.2.1 and 19.2.2 apply only to:

— apparatus with a direct view CRT having a diagonal dimension of 48 cm or great

— apparatus, other than a speaker, with a mass greater than 47 kg, or

— apparatus, other than a speaker with a mass of 25 kg or more, having.a height o

more
During the t€

During the te

19.1 DU Th
to the horizo

sts in 19.1, 19.2 and 19.2.1, the apparatus shall not overbalance.

st in 19.2.2, the apparatus shall not slide.

e apparatus is placed in its intended position of.use on a plane, inclined at an

ntal_All doors, drawers, casters, wheels, adjustable feet (levelers) and other a

of the appardtus are positioned in any combination that results in the least stability. Legs and

are blocked i
of 360° abou

If, however,

horizontal pla
plane, the a
through an a

NOTE

or the

19.2 DU Th
not exceedin|

D keep the apparatus from sliding. The apparatus is and then rotated slowly thrd
| its normal vertical axis.

he apparatus is such that, were_it to be tilted through an angle of 10° when §
ne, a part of it not normally in.contact with the supporting surface would touch
pparatus is placed on a~horizontal support and tilted in the most unfavour.
hgle of 10°.

— T