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OCTOBER 14, 2014

PREFACE

This is the harmonized CSA Group and UL standard for Information Technology Equipment —
Safety — Part 1: General Requirements. It is the second edition of CAN/CSA-C22.2 No. 60950-1
and the second edition of UL 60950-1. This harmonized standard has been jointly revised on
October 14, 2014. For this purpose, CSA Group and UL are issuing revision pages dated
October 14, 2014.

Technology Equip g ottt 3
Corrigendum 1| (issued 12-2006), Amendment 1 (issued
5-2013) and Cdrrigendum 2 (issued 8-2013). IEC publication 60950-1 is copyrighted by the IEC.

= — r— Germe

Previous editions of this standard were designated CAN/CSA-C22.2 No. 950/UL 3950 and
CAN/CSA-C22]2 No. 60950/UL 60950, third edition. This standard CAN/CSA:C22.2 No.
60950-1/UL 60950-1, second edition, replaces the previous standard CAN/CSA-C22.2 No.
60950-1/UL 60950-1, first edition. The standard number and edition number have been aligned
to correspond With the equivalent IEC 60950-1 standard.

This harmonizgqd standard was prepared by CSA Group and Underwriters Laboratories Inc.
(UL). The efforts and support of representatives of leading~industry companies and
organizations afe gratefully acknowledged.

This standard i$
of the standard

considered suitable for use for conformity assessment within the stated scope

This standard was reviewed by the CSA Subcommittee on Safety of Electronic Equipment within
the Field of Audiio/Video, Information, and Commuhication Technology, under the jurisdiction of
the CSA Techrfical Committee on Consumer afild Commercial Products and the CSA Strategic
Steering Comnittee on Requirements for Eleetrical Safety, and has been formally approved by
the CSA Technfcal Committee.

This Standard hhas been approved. as, a National Standard of Canada by the Standards Council
of Canada.

This Standard has been approved by the American National Standards Institute (ANSI) as an
American Natignal Standard.

Where referenge is.made to a specific number of samples to be tested, the specified number is
to be considerddsa)minimum quantity.

Note: Although the intended primary application of this standard is stated in its scope, it is important to note that it remains
the responsibility of the users of the standard to judge its suitability for their particular purpose.

Level of harmonization

This standard adopts the IEC text with national differences. This standard is published as an
equivalent standard for CSA Group and UL.

DE

DE
DE
DE
DE
DE

DE
DE
DE
DE

DE
DE
DE
DE
DE

DE
DE
DE

DE
DE

DE
DE
DE
DE
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DE
DE
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An equivalent standard is a standard that is substantially the same in technical content, except
as follows: Technical national differences are allowed for codes and governmental regulations
as well as those recognized as being in accordance with NAFTA Article 905, for example,
because of fundamental climatic, geographical, technological, or infrastructural factors, scientific
justification, or the level of protection that the country considers appropriate. Presentation is
word for word except for editorial changes.

All national differences from the IEC text are included in the CSA Group and UL versions of the
standard. While the technical content is the same in each organization’s version, the format and
presentation may differ.

Interpretationg

The interpretatfon by the standards development organization of an identical or equivalent
standard is baged on the literal text to determine compliance with the standard in accordarce
with the procgdural rules of the standards development organization. If more than one
interpretation of the literal text has been identified, a revision is to be proposed.as,"soon as
possible to eag¢h of the standards development organizations to more accurately’reflect the
intent.

CSA Group eflective date

The effective date for CSA Group will be announced through a €SA Informs or CSA Group
Certification Ndtice.

UL effective date

The effective date for UL is available on UL’s website_at'www.ul.com.
General
National differgnces from the text of the:lnternational Electrotechnical Commission (IEC)
Publication 6Q950-1, Information Techhology Equipment — Safety — Part 1: General
Requirements, [Copyright 2005, are indicated by the following margin notations:

There are six types of national differences, as noted below. The national difference type is noted
in the margin next to the affected text. The standard may not include all types of these national

differences.

D1 — nationaldifferences based on national regulatory requirements which result in
equivalent-orimore stringent requirements than in IEC 60950-1.

D2 — national differences based on other than national regulatory requirements which
result in equivalent or more stringent requirements than in IEC 60950-1.

DI — national differences based on IEC final draft international standards (FDIS). DI
national differences may be less stringent than, equivalent to, or more stringent than
requirements in IEC 60950-1.

DC - national differences based on UL and CSA component requirements. DC
national differences may be less stringent than, equivalent to, or more stringent than
component requirements in IEC 60950-1.

DE
DE
DE
DE
DE
DE

DE
DE
DE

DE

DE
DE
DE
DE
DE
DE

DE

DE
DE

DE

DE

DE

DE
DE
DE

DE
DE
DE

DE
DE

DE
DE

DE
DE
DE

DE
DE
DE
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D3 — national differences based on bi-national requirements which result in less DE
stringent requirements than in IEC 60950-1. DE
DE - editorial national differences that correct typographical errors in IEC 60950-1 or DE
revise the terminology, but do not alter the technical intent of the requirements. This DE
notation is also used for informative statements such as the Preface. DE

National differences have been incorporated into the body of the standard. If national differences DE

necessitate the deletion of IEC 60950-1 text, the IEC 60950-1 text has been retained but has DE

been lined-out. Except for tables and figures and annexes, text added as a result of national DE

differences has been underlined. Text added as the Preface is not underlined. DE

A number of additional annexes are included at the back of the standard as national differences. DE

Pointers to thege annexes are provided in the right-hand margin of the body of the standard to DE

direct the user|to these informative/normative annexes. The pointer text is provided in,BOLD | DE P.2

ITALICS. Examples of such pointers are shown here in the right-hand margin. DE NAA

IEC Copyright DE

For CSA Group, the text, figures, and tables of International Electrotechnical Commission DE

Publication 60950-1Information Technology Equipment — Safetyx—"Part 1: General DE

Requirements, [copyright 2005, are used in this standard with the consent of the International DE

Electrotechnical Commission. The IEC Foreword and Introduction are not a part of the DE

requirements of this standard but are included for information putposes only. DE

For UL, the text, figures and tables of IEC publication*60950-1Information Technology DE

Equipment — Safety — Part 1: General Requirements, copyfight 2005 are used in this standard DE

with the conseft of the IEC and the American National Standards Institute (ANSI). The IEC DE

copyrighted material has been reproduced with (germission from ANSI. ANSI should be DE

contacted regarding the reproduction of any portien of the IEC material. The IEC Foreword and DE

Introduction arg not a part of the requirements.@f this standard but are included for information DE

purposes only. [Copies of IEC Publication 60950-1 may be purchased from ANSI, 25 West 43rd DE
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INFORMATION TECHNOLOGY EQUIPMENT - SAFETY - Part 1: General Requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes International
Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC

Publication(s)”). Theirl:reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with

may participate in th
participate in this preq
conditions determined

2) The formal decisiorn
on the relevant subjed

3) IEC Publications hg

preparatory work. International, governmental and nongovernmental organizations liaising with the IEC ,also
aration. |IEC collaborates closely with the International Organization for Standardization (ISO) in accordance with
by agreement between the two organizations.

s or agreements of IEC on technical matters express, as nearly as possible, an international cohsensus of opinion
ts since each technical committee has representation from all interested IEC National Comittees.

ve the form of recommendations for international use and are accepted by IEC Natiohal,Committees in that sense.

While all reasonable dfforts are made to ensure that the technical content of IEC Publications is accuratg;NEC cannot be held responsible

for the way in which t

4) In order to promol
maximum extent poss|
national or regional p

5) IEC itself does not

in some areas, accesq

ey are used or for any misinterpretation by any end user.

e international uniformity, IEC National Committees undertake tQ“\apply IEC Publications transparently to the
ble in their national and regional publications. Any divergence bétween any IEC Publication and the corresponding
blication shall be clearly indicated in the latter.

rovide any attestation of conformity. Independent certification bodies provide conformity assessment services and,
to IEC marks of conformity. IEC is not responsible*for’any services carried out by independent certification bodies.

6) All users should enksure that they have the latest edition of this publication.

7) No liability shall att
committees and IEC N
direct or indirect, or

ch to IEC or its directors, employ&esj servants or agents including individual experts and members of its technical
ational Committees for any persanal injury, property damage or other damage of any nature whatsoever, whether
or costs (including legal-fees) and expenses arising out of the publication, use of, or reliance upon, this IEC

Publication or any other IEC Publications.

8) Attention is drawn

correct application of

9) Attention is drawn t

to the Normatiye\teferences cited in this publication. Use of the referenced publications is indispensable for the
his publicdtion.

b the,\pesSsibility that some of the elements of this IEC Publication may be the subject of patent rights. IEC shall not

be held responsible fc

This consolidated version of IEC 60950-1 consists of the second edition (2005)
[documents 108/135A/FDIS and 108/147/RVD], its corrigendum 1 (2006), its amendment 1
(2009) [documents 108/350/FDIS and 108/357/RVD] and its corrigendum 1 (2012), and its
amendment 2 (2013) [documents 108/507/FDIS and 108/510/RVD]. H-bears—the—edition
number-2:2:

DE
DE
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International Standard IEC 60950-1 has been prepared by IEC technical committee 108: Safety

of electronic
communication

equipment within the field of audio/video, information technology and
technology.

IEC 60950-1 includes the basic requirements for the safety of information technology equipment.

Additional par
technology equ

Part 21: Remot

il o o HT 4 5y H n £ ] s
o Ul'TELW ODUIOUTT WIT CUVET SPTUINL oalTly TTUUITTITICTIS TUT TTTTUTTITAtIUT]

pment having limited applications or having special features as follows:

e feeding (published).

Part 22: Equipment installed outdoors (planned);

Part 23: Large

Hata storage equipment (planned);

Except for notes, all text within a normative figure, or in a box under a niormative table, is also
normative. Tex{ with a superscript reference is linked to a particular item-in the table. Other text

in a box under

p table applies to the whole table.

Informative anjexes and text beginning with the word "NOTEX are not normative. They are
provided only t¢ give additional information.

”Country” note
those countries|

5 are also informative but call attention to requirements that are normative in

In this standard, the following print types are used:

— Requirements

proper and normative annexes: roman type.

— Compliance qtatements and test Specifications: italic type.

— Notes in the {ext and in tables; smaller roman type.

— Terms that ale defined\in-1.2: SMALL CAPITALS.

The numbering|system in this standard uses a space instead of a comma to indicate thousands

and uses a corpma instead of a period to indicate a decimal point. For example, 1 000 means
1.000 and 1.01 means 1.01.

The committee

has decided that the contents of the base publication and its amendments will

remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch” in the data related to the specific publication. At this date, the publication

will be
¢ reconfirmed;

e withdrawn;

DE
DE
DE
DE

DE
DE
DE
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e replaced by a revised edition; or

e amended.

DE
DE
DE
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INTRODUCTION

0 Principles of safety

The following p
this standard.

These principle
Words printed i
0.1 General pi

It is essential th
that they can e

These principle
intended to pro
the equipment
specifically cov
those describeq

NOTE The need for|

appropriate committed.

Designers shall
likely fault cond
temperature, al
a TELECOMMUNICA
should take ac
could occur du
transport and n

The following p

— wher
hazard

— wher

rinciples have been adopted by technical committee 108 in the development of

s do not cover performance or functional characteristics of equipment.

N SMALL CAPITALS are terms that are defined in 1.2 of this standard.

OCTOBER 14, 2014

inciptes—of-safety

at designers understand the underlying principles of safety requirements in order
ngineer safe equipment.

s are not an alternative to the detailed requirements of this standard; but are

vide designers with an appreciation of the basis of these requirements. Where

nvolves technologies, components and materials or methods of ‘€onstruction not

bred, the design of the equipment should provide a level of safety not less than
in these principles of safety.

additional detailed requirements to cope with a new situation should be¢bretight promptly to the attention of the

take into account not only normal operating conditions of the equipment but also
itions, consequential faults, foreseeable misuse and external influences such as
itude, pollution, moisture, overvoltages.on the mains suppLY and overvoltages on
TION NETWORK OF @ CABLE DISTRIBUTION, SYSTEM. Dimensioning of insulation spacings
ount of possible reductions by manufacturing tolerances, or where deformation
b to handling, shock and vibratién likely to be encountered during manufacture,
prmal use.

riorities should be observed in determining what design measures to adopt:

e possible, specify design criteria that will eliminate, reduce or guard against

b

as perdonal protective equipment

be imp{

e the abdve-is not practicable because the functioning of the equipment would
ired, specify the use of protective means independent of the equipment, such
(which is not specified in this standard);

— wher

e neither of the above measures is practicable, or in addition to those

measures, specify the provision of markings and instructions regarding the residual

risks.

There are two types of persons whose safety needs to be considered, users(or oPERATORS) and

SERVICE PERSONS.

user is the term applied to all persons other than service PErsons. Requirements for protection

should assume

that users are not trained to identify hazards, but will not intentionally create a

hazardous situation. Consequently, the requirements will provide protection for cleaners and

casual visitors

as well as the assigned users. In general, users should not have access to
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hazardous parts, and to this end, such parts should only be in SERvVICE ACCESS AREAS Of in
equipment located in RESTRICTED ACCESS LOCATIONS.
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When users are admitted to RESTRICTED ACCESS LocATIONs they shall be suitably instructed.

SERVICE PERSONS are expected to use their training and skill to avoid possible injury to themselves
and others due to obvious hazards which exist in service Access Areas of the equipment or on
equipment located in RESTRICTED ACCESS LOCATIONS. However, service PERsONs should be protected
against unexpected hazards. This can be done by, for example, locating parts that need to be
accessible for servicing away from electrical and mechanical hazards, providing shields to avoid
accidental contact with hazardous parts, and providing labels or instructions to warn personnel
about any residual risk.

Information about potential hazards can be marked on the equipment or provided with the

equipment, def cllu'illg omthe—tiketitrood—and acvclity of illjuly, or-matke—avaitabte—for—service
PERSONS. In gengral, users shall not be exposed to hazards likely to cause injury, and information
provided for ugers should primarily aim at avoiding misuse and situations likely to create
hazards, such as connection to the wrong power source and replacement of fuses by incorréct
types.

MOVABLE EQUIPMENT iS considered to present a slightly increased risk of shock, due~to possible
extra strain on|the supply cord leading to rupture of the earthing conductor’With HAND-HELD
EQUIPMENT, this r|sk is increased; wear on the cord is more likely, and further hazards could arise
if the units wer¢ dropped. TRaNsPORTABLE EQUIPMENT introduces a further fagtor’because it can be
used and carrigd in any orientation; if a small metallic object enters an opening in the ENcLOSURE
it can move ardqund inside the equipment, possibly creating a hazardh

0.2 Hazards

Application of g safety standard is intended to reduce thefrisk of injury or damage due to the
following:

— electilic shock;

— energy related hazards;
— fire;
— heat felated hazards;
— mecHanical hazards;

— radiation;

— chemlicalbhazards.



https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

MARCH 27, 2007

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

0.2.1 Electric shock

Electric shock i
effects depend

s due to current passing through the human body. The resulting physiological
on the value and duration of the current and the path it takes through the body.

The value of the current depends on the applied voltage, the impedance of the source and the
impedance of the body. The body impedance depends in turn on the area of contact, moisture
in the area of contact and the applied voltage and frequency. Currents of approximately half a
milliampere can cause a reaction in persons in good health and may cause injury indirectly due
to involuntary reaction. Higher currents can have more direct effects, such as burn, muscle
tetanization leading to inability to let go or to ventricular fibrillation.

Steady state vo
under dry cond
to be touched g

Some equipm
TELECOMMUNICATIC
steady d.c. su
voltages. It is ¢
of such circuit
cadenced ringir
handled by ser
the likelihood of
location of the

It is normal to p
operation of ¢
consequential
protective meas
substitute for, a

Harm may result

Contact with bare

Breakdown of insy
HAZARDOUS VOLTAGES

:tdyUD upy tU 42,4 ‘V’ pca'r\, Ul GO ‘V’ Ul.b., alc IIUt gcl IUId.“y |cga|u‘cu‘ aos ilaLalu'uua
tions for an area of contact equivalent to a human hand. Bare parts which have
r handled should be at earth potential or properly insulated.

ent will be connected to telephone and other external networks., Some
N NETWORKS operate with signals such as voice and ringing superimposed on a
bply voltage; the total may exceed the values given above farsteady-state
pbmmon practice for the service PErsons of telephone companiesio handle parts
5 bare-handed. This has not caused serious injury, because of the use of
g and because there are limited areas of contact with bare conductors normally
ICE PERsONS. However, the area of contact of a part accessible to the user, and
the part being touched, should be further limited (forexample, by the shape and
bart).

rovide two levels of protection for users to prevent electric shock. Therefore, the
quipment under normal conditions and~after a single fault, including any
faults, should not create a shock hazard. However, provision of additional
ures, such as protective earthing or sUPPLEMENTARY INSULATION, iS not considered a
r a relief from, properly designed BASIC INSULATION.

from: Examples of measures to reduce risks:

Prevent user access to parts at HAzarDOUS VOLTAGES by
fixed or locked covers, saFeTy INTERLOCKS, etc. Discharge
accessible capacitors that are at HAzaRDOUS VOLTAGES.

parts normally at HAzaRDOUS VOLTAGES.

Provide Basic insuLaTion and connect the accessible
conductive parts and circuits to earth so that exposure to
the voltage which can develop is limited because
overcurrent protection will disconnect the parts having
low impedance faults within a specified time; or provide a
metal screen connected to protective earth between the

lation between parts normally at
and accessible\conductive parts.

Contact with circui

NeTworks Which exceed 42,4 V peak or 60 V d.c.

Breakdown of user-accessible insulation.

pdarts, Or pluviue DOUBLE INSULATION O REINFORCED INSULATION
between the parts, so that breakdown to the accessible
part is not likely to occur.

ts connected to TELECOMMUNICATION Limit the accessibility and area of contact of such
circuits, and separate them from unearthed parts to

which access is not limited.

Insulation that is accessible to the user should have
adequate mechanical and electrical strength to reduce
the likelihood of contact with Hazarpous voLTAGES.

Table Continued on Next Page
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Table Continued

Harm may result from:

ToucH CURRENT (leakage current) flowing from parts at
HAZARDOUS VOLTAGES t0 accessible parts, or failure of a
protective earthing connection. ToucH currenT may include

Examples of measures to reduce risks:

Limit ToucH currenT to a specified value, or provide a high
integrity protective earthing connection.

current due to EMC filter components connected
between privARY circuits and accessible parts.

0.2.2 Energy r

Injury or fire m@y Tesult from a short circuit between adjacent poles of high current supplies or__|

high capacitand
— burn
— arcin
— eject
Even circuits w

Examples of m

elated hazards

e circuits, causing:

Q;

on of molten metal.

hose voltages are safe to touch may be hazardous in thistespect.

pasures to reduce risks include:

— sepdfration;

— shiel

— provi
0.2.3 Fire
Risk of fire may
due to overload
within the equig
nor cause dam

Examples of m

— provi

Hing;

Sion of SAFETY INTERLOCKS.

result from excessive temperatures either under normal operating conditions or
, component failure, insutation breakdown or loose connections. Fires originating
ment should not spréead beyond the immediate vicinity of the source of the fire,
hge to the surroundings of the equipment.

pasures to_reduce risks include:

ding overcurrent protection;

— using

constructional materials having appropriate flammability properties for their

purpose;

— selection of parts, components and consumable materials to avoid high temperature
which might cause ignition;

— limiting the quantity of combustible materials used;
— shielding or separating combustible materials from likely ignition sources;

— using ENcLOSURES or barriers to limit the spread of fire within the equipment;
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— using suitable materials for encLosures so as to reduce the likelihood of fire

spreadi

ng from the equipment.

0.2.4 Heat related hazards

Injury may result from high temperatures under normal operating conditions, causing:

— burns due to contact with hot accessible parts;

— degradation of insulation and of safety-critical components;

— igniti
Examples of m
— takin
— avoi(
— provi
0.2.5 Mechani
Injury may resy

shar

movi

— flying
lamps.

Examples of m

roun

guar

provi

il lal IH N |
DT UT TIalimiauic Tquius.
basures to reduce risks include:
O steps to avoid high temperature of accessible parts;

ing temperatures above the ignition point of liquids;

cal hazards
It from:
p edges and corners;

hg parts which have the potential to cause injury;

equipment instability;

particles from imploding cathede ray tubes and exploding high pressure

pasures to reduce risks ‘include:
ling of sharp edges and corners;
ing;

Sion Of SAFETY INTERLOCKS;

sion of markings to warn users where access to hot parts is ‘unavoidable.

provi

ding sufficient stability to free-standing equipment;

selecting cathode ray tubes and high pressure lamps that are resistant to implosion

and explosion respectively;

— provi

sion of markings to warn users where access is unavoidable.
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0.2.6 Radiation

Injury to users

and to servicE PERSONS may result from some forms of radiation emitted by

equipment. Examples are sonic (acoustic), radio frequency, infra-red, ultraviolet and ionizing
radiation, and high intensity visible and coherent light (lasers).

Examples of measures to reduce risks include:

limiting the energy level of potential radiation sources;

screening radiation sources;

provi

— provi
unavoig

Sion Of SAFETY INTERLOCKS;

sion of markings to warn users where exposure to the radiation hazard is
able.

0.2.7 Chemicdl hazards

Injury may res
fumes.

Examples of m

— avoid
by cont

— avoiq

— provi

It from contact with some chemicals or from inhalation of\their vapours and

pasures to reduce risks include:

ing the use of constructional and consumable materials likely to cause injury
act or inhalation during intended and normal conditions of use;

ing conditions likely to cause leakage @r vaporization;

sion of markings to warn users abeut the hazards.

0.3 Materials and components

Materials and
arranged that th
equipment with
of a serious fi
manufacturers’
fault conditions

omponents used in the-eonstruction of equipment should be so selected and
ey can be expected‘to perform in a reliable manner for the anticipated life of the
but creating a hazard, and would not contribute significantly to the development
e hazard. Cofmponents should be selected so that they remain within their
ratings under normal operating conditions, and do not create a hazard under
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INFORMATION TECHNOLOGY EQUIPMENT — SAFETY - Part 1: General Requirements
1 General
1.1 Scope
1.1.1 Equipment covered by this standard NAA
NAD
NAE

This standard is applicable to mains-powered or battery-powered information technology
equipment, including electrical business equipment and associated equipment, with a RATED

voLTAGE not exceeding 600 V and designed to be installed in accordance with the Canadian

Electrical Code
I, CSA C22.2 N

Safety Code, IH

The standard
instructions, de

PcllAl i, CSA 0221'12, Gcllclai P\Ul_.]u;lclllcllta — Ccll |au'ia|| E:Ubtl ;ba: CUdU, Palt
0. 0-10; the National Electrical Code. NFPA 70-2014; and the National Electrical
EE C2-2012.

S _also applicable to equipment, unless otherwise identified by a marking or
signed to be installed in accordance with Article 645 of the NationahElectrical

Code, ANSI/NFPA 70. and the Standard for the Protection of Information~Pechnology

Equipment, NF

See Annex NA
equipment.

This standard i

— desig
NETWORH

— desig
equipm

— desig
Clause

This part of 1EQ
compo

standa
subass

PA 75-2013.

E for examples of and references to requlatory requirements that apply to this

5 also applicable to such information technology €quipment:

ned for use as telecommunication terminal equipment and TELECOMMUNICATION
infrastructure equipment, regardless of the“Source of power;

ned and intended to be connected directly to, or used as infrastructure
ent in, a CABLE DISTRIBUTION SYSTEM, regardless of the source of power;

ned to use the Ac MAINS supPPr-as a communication transmission medium (see
6, Note 4 and 7.1, Note-4):

60950 is also applicable to:
ents and subassemblies need not comply with every requirement of the

d, provided-that the complete equipment, incorporating such components and
emblies;.does comply;

- com}onents and subassemblies intended for incorporation in this equipment. Such

— extefnal power supply units intended to supply other equipment within the scope of

this part of IEC 60950;

— accessories intended to be used with equipment within the scope of this part of IEC

60950.

NOTE 1

Examples of aspects with which uninstalled components, subassemblies, and accessories may not comply include the marking

of the power rating and access to hazardous parts.

NOTE 2 This standard may be applied to the electronic parts of equipment even if that equipment does not wholly fall within its Scope,
such as large-scale air conditioning systems, fire detection systems and fire extinguishing systems. Different requirements may be
necessary for some applications.

D1
D1
D1
D1

D1
D1
D1
D1

D1
D1
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This standard specifies requirements intended to reduce risks of fire, electric shock or injury for
the oreraTor and layman who may come into contact with the equipment and, where specifically
stated, for a servICE PERSON.

This standard also specifies requirements intended to reduce risks from acoustic outputs at
communication receivers and similar devices used for voice telecommunication, regardless of
transmission _medium (e.q., TELECOMMUNICATION NETWORK, CABLE DISTRIBUTION NETWORK, Wireless

network). See Annex NAD.

This standard is intended to reduce such risks with respect to installed equipment, whether it
consists of a system of interconnected units or independent units, subject to installing, operating

and maintaining Hre—equipmentimthremanmer-prescribed Iuy themanufactorer:

Examples of equipment that is in the scope of this standard are:

Generic product type
banking equipmerit

Specific example of generic type

monetary processing machines including automated
teller (cash dispensing) machines (ATM)

data preparation equipment, data processing equipment,
data storage equipment, personal ‘eomputers, plotters,
printers, scanners, text processing-equipment, visual
display units

bridges, data circuit termindting equipment, data terminal
equipment, routers

cash registers, point of sale terminals including
associated electrogic scales

calculators, copying machines, dictation equipment,
documentsshredding machines, duplicators, erasers,
micrographic office equipment, motor-operated files,
paperttimmers (punchers, cutting machines, separators),
paperjogging machines, pencil sharpeners, staplers,
typewriters

photoprinting equipment, public information terminals,
multimedia equipment

mail processing machines, postage machines

billing equipment, multiplexers, network powering
equipment, network terminating equipment, radio
basestations, repeaters, transmission equipment,
telecommunication switching equipment

facsimile equipment, key telephone systems, modems,
PABXs, pagers, telephone answering machines,
telephone sets (wired and wireless)

data and text prodessing machines and associated
equipment

data network equipment

electrical and eledtronic retail equipment

electrical and elegdtronic office machines

other information fechnology equipment

postage equipmerjt
telecommunicationp network infrastructure equipment

telecommunicationy terminal equipment

NOTE 3 The requirements\of IEC 60065 may also be used to meet safety requirements for multimedia equipment. See IEC Guide 112,
Guide on the safety of.mulfimedia equipment.

This list is not intended to be comprehensive, and equipment that is not listed is not necessarily
excluded from the scope.

Equipment complying with the relevant requirements in this standard is considered suitable for
use with process control equipment, automatic test equipment and similar systems requiring
information processing facilities. However, this standard does not include requirements for
performance or functional characteristics of equipment.

D2
D2
D2
D2


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

OCTOBER 14, 2014 CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1 22A

1.1.2 Additional requirements P.1
NAE

Requirements additional to those specified in this standard may be necessary for:
— equipment intended for operation in special environments (for example, extremes of
temperature; excessive dust, moisture or vibration; flammable gases; and corrosive or
explosive atmospheres);

— electromedical applications with physical connections to the patient;

— equipment intended to be used in vehicles, on board ships or aircraft, in tropical

1 N Lisd L n Al 0..00.0.
countrigs;or-at-altitucdes greater-tnan—z- 0001,

— equipment intended for use where ingress of water is possible; for guidance on
such rgquirements and on relevant testing, see Annex T.

NOTE Attention is dfawn to the fact that authorities of some countries impose additional requirements.
1.1.3 Exclusions P.1
NAE

This standard does not apply to:

— power supply systems which are not an integral part of the‘equipment, such as
motor-generator sets, battery backup systems and distribution transformers;

— buildjng installation wiring;

— deviges requiring no electric power.

Battery backup|systems that are not an integral part of sTaTionaRY EQuiPMENT, Such as provided in DC

separate cabinéts. are subjected to the apprepriate standard for the battery backup systems, DC
such as the Standard for Batteries for Use in Light Electric Rail (LER) Applications and DC

Stationary Appljcations. UL 1973. DC

NOTE See Figures J.1 and 1.2 of UL 1973 for. mote information on independent electric energy storage systems (EESS) covered by DC

DC
DC

similar disturbances. DC
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1.2 Definitions NAE

For the purpose of this International Standard the following definitions apply. Where the terms
“voltage” and “current” are used, they imply the r.m.s. values, unless otherwise specified.

Definitions in alphabetical order of nouns

AREA, OPERATOR ACCESS 1.2.71
AREA, SERVICE ACCESS 1.2.7.2
BODY 1.2.7.5
CABLE, INTERCONNECTING 1.2.11.6
CABLE DISTRIBUTION SYSTEM 1.2.13.14
CHEESECLOT 1.2.13.15
CIRCUIT, ELV 1.2.8.7
CIRCUIT, LIMITED CURRENT 1.2.8.9
CIRCUIT, PRIMARY 1.2.8.4
CIRCUIT, SECONDARY 1.2.8.5
CIRCUIT, SELV 1.2.8.8
CIRCUIT, TNV 1.2.8.11
CIRCUIT, TNV-1 1.2.8.12
CIRCUIT, TNV-Z 1.2.8.13
CIRCUIT, TNV-3 1.2.8.14
CLEARANCE 1.2.10.1
CONDUCTOR, FROTECTIVE BONDING 1.2.13.11

Table Continued on Next Page
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Table Continued

CONDUCTOR, PROTECTIVE EARTHING 1.2.13.10
CORD, DETACHABLE POWER SUPPLY 1.2.5.5
CORD, NON-DETACHABLE POWER SUPPLY 1.2.5.6
CREEPAGE DISTANCE 1.2.10.2
CURRENT, PROTECTIVE CONDUCTOR 1.2.13.13
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1.2.1 Equipment electrical ratings

1.2.11

RATED VOLTAGE: supply voltage from which the equipment is to be operated as declared

by the manufacturer

1.2.1.2 RATED VOLTAGE RANGE: Supply voltage range as declared by the manufacturer,
expressed by its lower and upper RATED VOLTAGES

1.2.1.3 RraTED currenT: input current of the equipment as declared by the manufacturer

1.2.1.4 RraTED FREQUENCY: supply frequency as declared by the manufacturer

1.2.1.5
expressed by it

1.2.2 Operati
1.2.2.1 NoRmAL
closely as poss

expected.

If the conditions
maximum load

RATED HREQUENCY RANGE: supply frequency range as declared by the manufacturer,

lower and upper RATED FREQUENCIES
conditions
Loap: mode of operation, used for testing purposes, which represenis as

ble the most severe conditions of normal use which can reasonably be

of actual use can reasonably be expected to be more severe than the
conditions recommended by the manufacturer, including RATED OPERATING TIME

and RATED RESTING TIME, @ mode of operation is used that represents these more severe

conditions.

NOTE NORMAL LOAD C

1.2.2.2 RATED (¢
manufacturer

1.2.2.3 RATED A
equipment is sy

bnditions for some types of equipment are given in Annex-l«

PERATING TIME: maximum operating timé*assigned to the equipment by the

ESTING TIME: minimum time, dssigned by the manufacturer, during which the
vitched off or running idle“between periods of RATED OPERATING TIME

1.2.3 Equipmgnt mobility

1.2.3.1 wmovaBL

- 18 k

- equ
OPERATO

E EQUIPMENT: equipment which is either:
) or less.jn“mass and not fixed, or

pment with wheels, castors or other means to facilitate movement by the

R\as required to perform its intended use.

NOTE movasLe EquipmeNT includes wall-mounted equipment whose mounting means permits removal by an opERATOR.

1.2.3.2 HAND-HELD EQUIPMENT: MOVABLE EQUIPMENT, Or @ part of any kind of equipment, that is
intended to be held in the hand during normal use

1.2.3.3 TRANSPORTABLE EQUIPMENT: MOVABLE EQUIPMENT that is intended to be routinely carried by a

USER

NOTE Examples include laptop and notebook personal computers, pen-based tablet computers, and their portable accessories such as

printers and CD-ROM

drives.

DE
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1.2.3.4 STATIONARY EQUIPMENT: equipment that iS not MOVABLE EQUIPMENT

1.2.3.5 EQUIPMENT FOR BUILDING-IN: equipment intended to be installed in a prepared recess, such

as in a wall, or

similar situation

NOTE In general, EQuIPMENT FOR BUILDING-IN does not have an encLosure on all sides, as some of the sides will be protected after

installation.

1.2.3.6 DIRECT P
cord; the mains
the equipment i

LUG-IN EQUIPMENT: equipment that is intended to be used without a power supply
plug forms an integral part of the equipment encLosure so that the weight of
s taken by the socket-outlet

1.2.4 Classes
NOTE Some inform
1.2.4.1 cLass |
— using
— provi
wiring t
VOLTAGE

NOTE cLAss | EQUIPM

1.2.4.2 cLass i
BASIC INSULATION
REINFORCED INSUL

1.2.4.3 cLAss 11l
supply from sel

NOTE For cLass Il EQ
apply.

of equipment — Protection against electric shock

tion technology equipment cannot be identified as conforming to one of the following classes.

EQUIPMENT: equipment where protection against electric shock is achjeved by
BASIC INSULATION and

ding a means of connection to the PROTECTIVE EARTHING CONBUCTOR in the building
hose conductive parts that are otherwise capable of asstming Hazarbous

5 if the BAsic INsuLATION fails

NT may have parts with DOUBLE INSULATION OF REINFORCED INSULATION.

FQUIPMENT: equipment in which protection-against electric shock does not rely on
bnly, but in which additional safety precautions, such as DOUBLE INSULATION Of

nTION are provided, there being no reliance on protective earthing

EQUIPMENT: equipment in whichsprotection against electric shock relies upon
circults and in which HazaRbbus voLTAGES are not generated

ipmvenT, although there is no requirémient for protection against electric shock, all other requirements of the standard
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1.2.5 Connection to the supply

1.2.5.1 PLUGGABLE EQUIPMENT TYPE A: equipment that is intended for connection to a maiNs supply
via a non-industrial plug and socket-outlet or a non-industrial appliance coupler, or both

NOTE 1-15. 2-15. 2-20, 5-15 and 5-20 plugs and outlets as specified in IEC 60083 are considered to be non-industrial within the
meaning of this standard.

1.2.5.2 PLUGGABLE EQUIPMENT TYPE B: equipment that is intended for connection to a maiNs supply
via an industrial plug and socket-outlet or an appliance coupler, or both, complying with IEC
60309 or with a comparable national standard

1.2.5.3 PLUGGABLE EQUIPMENT: equipment that is either PLUGGABLE EQUIPMENT TYPE A OF PLUGGABLE
EQUIPMENT TYPE

1.2.5.4 PERMANENTLY CONNECTED EQUIPMENT: equipment that is intended for connection to the
building installation wiring using screw terminals or other reliable means

1.2.5.5 peTACHABLE POWER supPLY corD: flexible cord, for supply purposes, intended to be
connected to tHe equipment by means of a suitable appliance coupler

1.2.5.6 NON-DETPCHABLE POWER sUPPLY cORD: flexible cord, for supply purposes, fixed to or
assembled witH the equipment

Such a cord may be either:

Ordinatly: a flexible cord that can be easily replagced without special preparation of the
cord or|special TooLs, or

Special: a flexible cord that is specially prepared, or requires the use of specially
designed TooLs for replacement, or is stich that it cannot be replaced without damage
to the gquipment.

The term ”spedially prepared” includes ‘provision of an integral cord guard, the use of cable
lugs, formation jof eyelets, etc., but hot'the reshaping of the conductor before introduction into
a terminal or the twisting of a stranded conductor to consolidate the end.

DE
DE
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1.2.6 Enclosures

1.2.6.1 EncLOSU
1.2.6.2,1.2.6.3

NOTE One type of E

Rre: part of the equipment providing one or more of the functions described in
or1.2.6.4

NCLOSURE can be inside another type (for example, an ELECTRICAL ENCLOSURE inside a FIRE ENCLOSURE OF @ FIRE ENCLOSURE

inside an ELECTRICAL ENCLOSURE). Also, a single EncLosuRE can provide the functions of more than one type (for example, the functions of

both an ELECTRICAL ENCLOSURE and a FIRE ENCLOSURE).

1.2.6.2 rIRe ENcLOSURE: part of the equipment intended to minimize the spread of fire or flames

from within

1.2.6.3 MECHANI
mechanical ang

1.2.6.4 ELECTRIQ
be at HAzaRDOUS

CAL ENCLOSURE: part of the equipment intended to reduce the risk of injury due to
other physical hazards

AL ENcLOSURE: part of the equipment intended to limit access to parts that-may
VOLTAGES OF HAZARDOUS ENERGY LEVELS OF are in TNV CIRCUITS

1.2.6.5 pecoraTve PART: part of the equipment, outside the encLosure, which has(no safety

function

1.2.7 Accessibility

1.2.7.1 OPERATO
conditions, one

— acce
— the n

— the g
gain ag

The terms “acc
defined above.

1.2.7.2 service
is necessary fo

R ACCESS AREA: part of the equipment to which, under ‘hormal operating
of the following applies:

5s can be gained without the use of a Togr;
neans of access is deliberately provided to the orerATOR;

PERATOR is instructed to enter regardless of whether or not a TooL is needed to
Cess

pss” and “accessible”, unless qualified, relate to oPERATOR ACCESS AREA as

rccEss AREA: pdrt of the equipment, other than an opPERATOR ACCESS AREA, where it
[ SERVICE PERSONS tO have access even with the equipment switched on

1.2.7.3 RESTRICTED ACCESS/LOCATION: location for equipment where both of the following apply:

— acce|

55.can only be gained by service PERsONs Or by users who have been instructed

about t

he reasons for the restrictions applied to the location and about any

precautions that shall be taken; and

— access is through the use of a TooL or lock and key, or other means of security, and

is contr

olled by the authority responsible for the location

NOTE The requirements for equipment intended for installation in RESTRICTED ACCESS LOCATIONS are the same as for OPERATOR ACCESS AREAS,
except as given in 1.7.14, 2.1.3, 4.5.4, 4.6.2 and 5.1.7.

1.2.7.4 TooL: screwdriver or any other object that may be used to operate a screw, latch or
similar fixing means
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1.2.7.5 Boby: al

| accessible conductive parts, shafts of handles, knobs, grips and the like, and

metal foil in contact with all accessible surfaces of insulating material

1.2.7.6 saFeTy INTERLOCK: means either of preventing access to a hazardous area until the
hazard is removed, or of automatically removing the hazardous condition when access is

gained

1.2.8 Circuits and circuit characteristics

1.2.8.1 ac mains suppLY: a.c. power distribution system external to the equipment for supplying
power to a.c. powered equipment

These power s
standard (for e
uninterruptible

NOTE See Annex

1.2.8.2 DC MAINS
equipment, for

- addg
equipm

— alim
42 4V

— ad.g
equal t

Circuitry conne
an SELV CIRCUIT,
standard.

NOTE 1 See ITU-T

NOTE 2

1.2.8.3 wmAINS sU
SUPPLY

1.2.8.4 PRIMARY

See 1.6.1.2

burces include public or private utilities and, unless otherwise specified in the
ample, 1.4.5), equivalent sources such as motor-driven generators and
bower supplies.

for typical examples of a.c. power distribution systems.

suppLY: d.c. power distribution system, with or without batteries;(éxternal to the
supplying power to d.c. powered equipment, excluding the follewing:

. supply providing power over TELECOMMUNICATION NETWORK Wiring to remote
ent;

ted power source (see 2.5) whose open circuitvoltage is less than or equal to
d.c.;

. supply whose open circuit voltage is greater than 42,4 V d.c. and less than or
b 60 V d.c., and whose available power output is less than 240 VA

cted to a bc maINs suppLy is considered to be a seconpary circurT (for example,

A TNV CIRCUIT OF @ HAZARDOUS VOETAGE SECONDARY CIRCUIT) in the meaning of this

Recommendation K.27 for boniding configurations and earthing inside a telecommunication building.

ppLY: power-distribution system that is either an ac maiNs supPPLY Or & DG MAINS

CIRCUIT: circuit that is directly connected to the Ac mMaiNs suPpPLY

It includes, for example, the means for connection to the ac mains suppLy, the primary windings

of transformers

, motors and other loading devices.

NOTE Conductive parts of an INTERCONNECTING cABLE may be part of a PriMARY circuIT as stated in 1.2.11.6.

1.2.8.5 seconpaRy circulT: circuit that has no direct connection to a priMARY circuiT and derives
its power from a transformer, converter or equivalent isolation device, or from a battery

NOTE Conductive parts of an INTERCONNECTING CABLE may be part of a seconpary circurT as stated in 1.2.11.6.

DE
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1.2.8.6 HazarDOUS VOLTAGE: Voltage exceeding 42,4 V peak, or 60 V d.c., existing in a circuit
that does not meet the requirements for either a LIMITED CURRENT CIRCUIT OF @ TNV CIRCUIT

1.2.8.7 ELV CIRC

UIT: SECONDARY CIRcUIT with voltages between any two conductors of the circuit,

and between any one such conductor and earth (see 1.4.9), not exceeding 42,4 V peak, or 60
V d.c., under normal operating conditions, which is separated from HazARDOUS VOLTAGE by BAsIC
INsuLATION, and which neither meets all of the requirements for an seLv circurr nor meets all of
the requirements for a LIMITED CURRENT CIRCUIT

1.2.8.8 seLv CR
operating condi

CUIT: SECONDARY cIRcuIT that is so designed and protected that under normal
tions and single fault conditions, its voltages do not exceed a safe value

NOTE 1 The limit values of voltages under normal operating conditions and single fault conditions (see 1.4.14) are specified in 2.2. Seg

also Table 1A.
NOTE 2 This definiti
1.2.8.9 LMITED

operating cond
hazardous

bn of an seLv circurt differs from the term “SELV SYSTEM” as used in IEC 61140.

URRENT CIRCUIT: cCircuit that is so designed and protected that, under\both normal
tions and single fault conditions, the current that can be drawn i§Jnot

NOTE The limit valups of currents under normal operating conditions and single fault conditions (see'+.4.14) are specified in 2.4.

1.2.8.10 HAzARD
60 s or more, @

OUS ENERGY LEVEL: available power level of 240 VA<ar more, having a duration of
r a stored energy level of 20 J or more (for example, from one or more

capacitors), at & potential of 2 V or more

1.2.8.11 Tnv CIF
contact is limite
conditions and
values

A TNV CIRCUIT iS

NOTE 1 The specifi
2.3.1. Requirements 1

NOTE 2 Conductive

TNV CIRCUITS are
1.2.8.12, 1.2.8.

cui: circuit that is in the equipment and to which the accessible area of
d and that is so designed and protected that, under normal operating
single fault conditions (see 1.4.14),\the voltages do not exceed specified limit

considered to be a seconpARY circuit in the meaning of this standard.

bd limit values of voltages under normal operating conditions and single fault conditions (see 1.4.14) are given in
bgarding accessibility of(tny Circuits are given in 2.1.1.1.

parts of an INTERGONNECTING cABLE may be part of a Tnv circurT as stated in 1.2.11.6.

classified’as Tnv-1 ciRcuITs, TNV-2 circulTs and TNv-3 circulTs as defined in
13.and 1.2.8.14.

NOTE 3 The voltage relationships between seLv and Tnv circuiTs are shown in Table 1A.
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Table 1A — Voltage ranges of SELV and TNV circuits
Normal operating voltages
Overvoltages from Overvoltages from Within SELV CIRCUIT Exceeding SELV CIRCUIT
TELECOMMUNICATION CABLE DISTRIBUTION limits limits but within TNV
NETWORKS possible? SYSTEMS possible? CIRCUIT limits
Yes Yes TNV-1 CIRCUIT TNV-3 CIRCUIT
No Not applicable SELV CIRCUIT TNV-2 CIRCUIT

1.2.8.12 TNV-1 CIRCUIT: TNV CIRCUIT

— whos
normal

— onw
are pos

1.2.8.13 Tnv-2 ¢

— whos
operati

— whic
1.2.8.14 TnV-3

— Whos
operati

— onw
are pos

1.2.9 Insulation

a-normal anaratina valtaaas da nat avecead tha limite far an oy cioeur Lindar
ReHHa—-OperatHRgYoray G016+ So—e—HRAHSTHo a3 R—SEY-—-GHReHT—HHIGSH

operating conditions and

hich overvoltages from TELECOMMUNICATION NETWORKS @nd CABLE DISTRIBUTION SYSTEMS
sible

IRCUIT. TNV CIRCUIT

e normal operating voltages exceed the limits for an seLv cir¢uir under normal
ng conditions and

N is not subject to overvoltages from TELECOMMUNICATIONNETWORKS
CIRCUIT: TNV CIRCUIT

e normal operating voltages exceed the limits for an seLv circuit under normal
hg conditions and

hich overvoltages from TELECOMMUNIGATION NETWORKS and CABLE DISTRIBUTION SYSTEMS
sible

1.2.9.1 FuncTiONAL INSULATION: insulation that is necessary only for the correct functioning of the

equipment

NOTE  FUNCTIONAL INS!

fire.

1.2.9.2 BASIC IN

LATION by definition,"does not protect against electric shock. It may, however, reduce the likelihood of ignition and

ULATION: insulation to provide basic protection against electric shock

1.2.9.3 supPLEM

ENTARY INSULATION: Independent Insulation applied In addition 10 BASIC INSULATION 1N

order to reduce the risk of electric shock in the event of a failure of the Basic INsuLATION

1.2.9.4 pousLE INsULATION: insulation comprising both Basic INSULATION @and SUPPLEMENTARY INSULATION

1.2.9.5 REINFORCED INSULATION: Single insulation system that provides a degree of protection

against electric
standard

shock equivalent to pousLe INsuLATION under the conditions specified in this

NOTE The term “insulation system” does not imply that the insulation has to be in one homogeneous piece. It may comprise several

layers that cannot be

tested as BASIC INSULATION and SUPPLEMENTARY INSULATION.
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1.2.9.6 workiNg voLTAGE: highest voltage to which the insulation or the component under
consideration is, or can be, subjected when the equipment is operating under conditions of

normal use

Overvoltages that originate outside the equipment are not taken into account.

1.2.9.7 RMs WORKING VOLTAGE: r.m.S. value of a workiNGg voLTAGE, including any d.c. component

NOTE For the purpose of determining rus workiNG voLTAGES, the rules of 2.10.2.2 apply, and where relevant those of 1.4.8.

1.2.9.8 PEAK WORKING VOLTAGE: peak value of a workiNG voLTAGE, including any d.c. component

and any repetit

Where peak-to
peak or a.c. vo

b ! P BT H n
VT PTan TIpuioTo ycricialcu T T TUYUIPITITTIU

peak ripple exceeds 10 % of the average value, the requirements related to
tages are applicable.

NOTE For the purpdse of determining peak workiNG vOLTAGES, the rules of 2.10.2.3 apply, and where relevant those of W4)8.

1.2.9.9 REQUIRE
required to with

1.2.9.10 wmAINS T
equipment, aris

1.2.9.11 TELECO
TELECOMMUNICATI(

on the network

NOTE The effect of

WITHSTAND VOLTAGE: peak voltage that the insulation under consideration is
stand

RANSIENT VOLTAGE: highest peak voltage expected at the pewer input to the
ng from external transients on the maINs suppLY

MMUNICATION NETWORK TRANSIENT VOLTAGE: highest peak voltage expected at the
N NETWORK connection point of the equipment, arising from external transients

ransients from cABLE DISTRIBUTION sYSTEMS is not taken’into account.

1.2.10 Properiies of insulation

1.2.10.1 CLEARA
part and the Bo

1.2.10.2 CREEPA
conductive part
insulation

1.2.10.3 BounDI
metal foil were

NCE: shortest distance between two conductive parts, or between a conductive
UNDING SURFACE Of the equipment, measured through air

GE DISTANCE: shortest path between two conductive parts, or between a

and the Bounping surrace of the equipment, measured along the surface of the

NG SURFACE: outer surface of the ELECTRICAL ENCLOSURE, considered as though
pressed into contact with accessible surfaces of insulating material

1.2.10.4 soup insuLATION: material that provides electrical insulation between two opposite

surfaces, not al

NOTE The required
— the actu

ong an outer surface

properties of soLip INsuLATION are specified either as
al minimum distance through the insulation (see 2.10.5.2), or by

— other requirements and tests in this standard instead of a minimum distance.
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1.2.11 Components

1.2.11.1 THERMOSTAT: cycling temperature-sensing control intended to keep a temperature
between two particular values under normal operating conditions and that may have provision
for setting by the operATOR

1.2.11.2 TEMPERATURE LIMITER: temperature-sensing control intended to keep a temperature
below or above one particular value during normal operating conditions and that may have
provision for setting by the operaToR

NOTE A TEMPERATURE LIMITER may be of the automatic reset or of the manual reset type.

1.2.11.3 THERMAL cuT-ouT: temperature-sensing control intended to operate under abnormal
operating conditions and that has no provision for the operaTor to change the temperature
setting

NOTE A tHermAL cuTfouT may be of the automatic reset or of the manual reset type.

1.2.11.4 THERMAL CUT-OUT, AUTOMATIC RESET: THERMAL cuT-ouT that automatically restares the
current after the relevant part of the equipment has cooled down sufficiently

1.2.11.5 THERMAL CUT-OUT, MANUAL RESET: THERMAL cUT-oUT that requires resetting by hand, or
replacement of|a part, in order to restore the current

1.2.11.6 INTERCONNECTING CABLE: cable used to
— electtlically connect an accessory to a unit of information technology equipment,
— intergonnect units in a system, or
— conngct a unit to a TELECOMMUNICATION: NETWORK OF 10 & CABLE DISTRIBUTION SYSTEM
Such a cable mjay carry any type of circuit\from one unit to another.

NOTE A power supgly cord for connection to the WAINS suPPLY iS NOt an INTERCONNECTING CABLE.
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1.2.12 Flammability

1.2.12.1 FLAMMABILITY CLASSIFICATION OF MATERIALS: recognition of the burning behaviour of
materials and their ability to extinguish if ignited.

Materials are classified as in 1.2.12.2 to 1.2.12.14 when tested in accordance with IEC 60695-
11-10, IEC 60695-11-20, ISO 9772 or ISO 9773.

NOTE 1 When applying the requirements in this standard, Hr-1 cLAss FOAMED MATERIAL is regarded as better than HF-2 cLass, and HF-2 cLAss

better than HBr cLAss.

NOTE 2 Similarly, nfATaTaroT5vA CTASS 15 TEgaTIEdaS DETIaT AT 5VE CIASS, 5VE CLASS DETIET AT V=0 CIASS, V-0 CTASS DaTIeT A v=T—]

cLass, v-1 cLass better|than v-2 cLass, v-2 cLass better than HB40 cLass and HB40 cLAss better than HB75 cLass.
NOTE 3 Similarly, mATerIAL Of vTM-0 cLass is regarded as better than vim-1 cLass and vim-1 cLass better than vim-2 cLass.

NOTE 4 vtwm-0 cLass,|vTM-1 cLass and viM-2 cLAss MATERIALS are considered to be equivalent to v-0 cLass, v-1 cLass and y=2/CASS MATERIALS,

respectively, but only for their flammability properties. Their electrical and mechanical properties are not necessarily equivalent.

NOTE 5 Certain flanpmability classes are replacing the classes used in earlier editions of this standard. The\egdivalence of the old and
the new classes is shpwn in Table 1B.

Table 1B — Equivalence of flammability classes

Old clasp New class Equivalence
- 5VA 5VA is not required in this standard.
(1.2.12.5)
5V 5VB Materials that pass the tests for class 5V in Clause A.9
12.12 of earlier editions of this standard are equivalent to 5VB
(12.12.6) or\better.
HB40 Samples of materials in a thickness of 3 mm that pass
the tests of Clause A.8 in earlier editions of this
(1.2.12.10) standard (maximum burning rate 40 mm/min during
HB test) are equivalent to HB40.
HB75 Samples of materials in a thickness of less than 3 mm
that pass the tests of Clause A.8 in earlier editions of
(1.2.12.11) this standard (maximum burning rate 75 mm/min during
test) are equivalent to HB75.

1.2.12.2 v-o cLqss mATERIAL~Material tested in the thinnest significant thickness used and
classified v-0 agcording.to IEC 60695-11-10

1.2.12.3 v-1 cLqss MATERIAL: material tested in the thinnest significant thickness used and

classified v-1 according 1o IEC 60695-11-10

1.2.12.4 v-2 cLass MATERIAL: material tested in the thinnest significant thickness used and
classified v-2 according to IEC 60695-11-10

1.2.12.5 sva cLass maTERIAL: material tested in the thinnest significant thickness used and
classified sva according to IEC 60695-11-20

1.2.12.6 svB cLass MATERIAL: material tested in the thinnest significant thickness used and
classified svB according to IEC 60695-11-20

P2

P2

P2

P2

P2
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1.2.12.7 HF-1 cLass FoaMeD MATERIAL: foamed material tested in the thinnest significant thickness

used and classified HF-1 according to 1ISO 9772

1.2.12.8 Hr-2 cLass FOAMED MATERIAL: foamed material tested in the thinnest significant thickness

used and classified HF-2 according to 1ISO 9772

1.2.12.9 Her cLAss FOAMED MATERIAL: foamed material tested in the thinnest significant thickness

used and classified Her according to ISO 9772

1.2.12.10 HB4o

cLAss MATERIAL: material tested in the thinnest significant thickness used and

classified HB4o according to IEC 60695-11-10

1.2.12.11 HB75
classified HB75 &

1.2.12.12 viv-0
classified vtm-0

1.2.12.13 vrm-1
classified vim-1

1.2.12.14 vim-2
classified vim-2

1.2.12.15 exrLq
containing any
propagate after

CLASS MATERIAL: material tested in the thinnest significant thickness used and
ccording to IEC 60695-11-10

cLAss MATERIAL: material tested in the thinnest significant thickness used and
according to 1ISO 9773

cLAss MATERIAL: material tested in the thinnest significant thickness used and
according to ISO 9773

cLAss MATERIAL: material tested in the thinnest significant thickness used and
according to 1ISO 9773

sioN LimiT: lowest concentration of a combustiblexmaterial in a mixture
pf the following: gases, vapours, mists or dusts; in which a flame is able to
removal of the ignition source

1.2.13 Miscellaneous

1.2.13.1 TyPE T
designed and n

EsT: test on a representative sample with the objective of determining if, as
nanufactured, it can meet thelrequirements of this standard

1.2.13.2 sawvpuific TEST: test on a number-0f samples taken at random from a batch

1.2.13.3 RouTIN
manufacture to

1.2.13.4 bc vol

E TEST: test to whiCh'each individual sample is subjected during or after
check if the sample complies with certain criteria

% of the average value.

NOTE Where peak-

p-peak ripple exceeds 10 % of the average value, the requirements related to peak voltage are applicable.

TAGE: avefage value of a voltage having a peak-to-peak ripple not exceeding 10

1.2.13.5 service PERSON: person having appropriate technical training and experience

necessary to be aware of hazards to which that person may be exposed in performing a task

and of measures to minimize the risks to that person or other persons

1.2.13.6 user: any person, other than a serviCE PERSON

The term user in this standard is the same as the term oreraTor and the two terms can be

interchanged.

1.2.13.7 oPeraTOR: See UseRr (1.2.13.6)

P2

P2

P2

P2

P2

P2

P2
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1.2.13.8 TELECO
communication

MMUNICATION NETWORK: metallically terminated transmission medium intended for
between equipment that may be located in separate buildings, excluding:

— the mains system for supply, transmission and distribution of electrical power, if
used as a telecommunication transmission medium;

— CABLE DISTRIBUTION SYSTEMS;

— SELV cIrcuITs connecting units of information technology equipment

NOTE 1 The term TELECOMMUNICATION NETWORK is defined in terms of its functionality, not its electrical characteristics. A TELECOMMUNICATION

NETWORK is not itself d¢TMetas Demg eNNer an SELV CIRCUIT OF & TNV CIRCUIT. ONly the CITCUNts 1M e equipment are so classmed. |

NOTE 2 A TELECOMM
— publicly
— subject
— subject

NOTE 3 Examples g
— a publici
— a public]
— an Inted
— a privat

1.2.13.9 runcTi
necessary for g

1.2.13.10 PROTH
power supply ¢
earth point in th

NOTE In some cour]

1.2.13.11 pPrROTH
conductive parf]
the equipment

1.2.13.12 ToucH currenT: electric current through a human body when it touches one or more

accessible part
NOTE ToucH CURRENT]

1.2.13.13 PRrOTE

NICATION NETWORK may be:

or privately owned;

o transient overvoltages due to atmospheric discharges and faults in power distribution systems;
o longitudinal (common mode) voltages induced from nearby power lines or electric traction lines,

f TELECOMMUNICATION NETWORKS are:
switched telephone network;
data network;
rated Services Digital Network (ISDN);
network with electrical interface characteristics similar to the above.

NAL EARTHING: earthing of a point in equipment or in@ system, which is
purpose other than safety

CTIVE EARTHING CONDUCTOR: conductor in the building installation wiring, or in the
brd, connecting a main protective earthing terminal in the equipment to an

e building installation

tries, the term “grounding conductor” is used instéad of “PROTECTIVE EARTHING CONDUCTOR”.

CTIVE BONDING CONDUCTOR: conductor in the equipment, or a combination of

5 in the equipment, conpecting a main protective earthing terminal to a part of
hat is required to be earthed for safety purposes

h

D
was previpusly, included in the term “leakage current”.

CTIVE_CONDUCTOR CURRENT: current flowing through the PROTECTIVE EARTHING

CONDUCTOR Und§

r nermal operating conditions

NOTE PROTECTIVE CONDUCTOR CURRENT Was previously included in the term ”“leakage current”.

1.2.13.14 caBLE DIsTRIBUTION sysTEM: metallically terminated transmission medium using coaxial
cable, mainly intended for transmission of video and/or audio signals between separate

buildings or bet

ween outdoor antennas and buildings, excluding:

— the mains system for supply, transmission and distribution of electric power, if used
as a communication transmission medium;
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— TELECOMMUNICATION NETWORKS;
— SELV cIrcuITs connecting units of information technology equipment

NOTE 1 Examples of CABLE DISTRIBUTION SYSTEMS are:

— local area cable networks, community antenna television systems and master antenna television systems providing video

and audio
— outdoor

signal distribution;
antennas including satellite dishes, receiving antennas, and other similar devices.

NOTE 2 caBLE DISTRIBUTION SYSTEMS may be subjected to greater transients than TELECOMMUNICATION NETWORKs(see 7.4.1).

1.2.13.15 cHeesecLoTH: bleached cotton cloth of approximately 40 g/m?

1.2.13.16 wRas
between 12 g/n
and for gift wra

[ISO 4046-4:20

PING TISSUE: Soft and strong, lightweight wrapping paper of grammage generally
n2 and 30 g/m?, primarily intended for protective packaging of delicate articles

bping

D2, definition 4.215]

1.2.13.17 rrOTECTIVE CURRENT RATING: rating of an overcurrent protective device that is known or

assumed to be
NOTE Rules to dete]

1.2.13.18 (Hou
configuration as

in place to protect a circuit
mine the value of the PROTECTIVE CURRENT RATING are in 2.6.3.3.

SEHOLD AND HOME/OFFICE DOCUMENT/MEDIA) SHREDDER: £qUipment with a plug
sociated with PLUGGABLE EQUIPMENT TYPE A, Of battery operated equipment,

designed to shiled paper or other forms of media as instructed by the manufacturer

NOTE 1
strip cards, or magne

Examples

NOTE 2

HOUSEHOLD AND HOME/OI

HOUSEHOLD A}

Cross-cut DOCUMENT/ME|

complex shredding m

NOTE 3 A documer
provided with a plug g

f other forms of media include but are not limited to digital video disks, compact disks, flash memory, magnetic

c disks, or the like.

D HOME/OFFICE DOCUMENT/MEDIA SHREDDERS are typically identified as either strip-cut type or cross-cut type. A strip-cut
FICE DOCUMENT/MEDIA SHREDDER Shreds, the ‘paper into long strips using a motor-based shredding mechanism. A
IA SHREDDER shreds paper two or fMore ways into tiny particles, typically using a more powerful motor and more
bchanism.

t/media shredder is considered to be non-household or non-home/office type if the document/media shredder is

onfiguration associatéd-with PLUGGABLE EQUIPMENT TYPE B, OF iS PERMANENTLY CONNECTED EQUIPMENT.
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1.3 General requirements
1.3.1 Application of requirements
The requirements detailed in this standard shall be applied only if safety is involved.

In order to establish whether or not safety is involved, the circuits and construction shall be
carefully investigated to take into account the consequences of possible failures.

1.3.2 Equipment design and construction

Equipment shajtbe—so u'caigllt;u' and-constructed-that,tmder—atconditons—of mormatuse—and
under likely abrjormal use or single fault conditions (see 1.4.14), protection is provided to reduce
the risk of pergonal injury from electric shock and other hazards, and against spread of. fire
originating in the equipment.

Compliance is ¢hecked by inspection and by the relevant tests.



https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

38B CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1 DECEMBER 19, 2011

No Text on This Page



https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

MARCH 27, 2007 CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

39

1.3.3 Supply voltage

Equipment shall be designed to be safe at any supply voltage to which it is intended to be
connected.

Compliance is checked by inspection and by carrying out the relevant tests of this standard
using a supply voltage as specified in the corresponding subclause. If the subclause does not
specify the supply voltage (explicitly or by reference to 1.4.5), then the value of the raTeD voLTAGE

or any value of

the RATED voLTAGE RANGE Shall be used.

1.3.4 Constructions not specifically covered

Where the eqy
specifically cov

ipment involves technologies and materials or methods of construction net
bred in this standard, the equipment shall provide a level of safety not less than

that generally dfforded by this standard and the principles of safety contained herein.

NOTE The need for

appropriate committeq.

additional detailed requirements to cope with a new situation should be brought promptly to the\atieéntion of the

1.3.5 Equivalent materials

Where the sta

hdard specifies a particular grade of insulation, the use’ of a better grade of

insulation is pefmitted. Similarly, where the standard requires material‘of a particular FLAMMABILITY

cLAss, the use @

f a better class is permitted.

1.3.6 Orientation during transport and use

Where it is cleg
the application
installation or o

r that the orientation of use of equipment-is likely to have a significant effect on
pf the requirements or the results of tests, all orientations of use permitted in the
perating instructions shall be takenlinto account. For TRANSPORTABLE EQUIPMENT, all

orientations of {fransport and use shall be takentinto account.

NOTE The above nf

1.3.7 Choice ¢

Where the sta
different metho

ay apply to 4.1, 4.2, 4.3.8, 4.5, 4.6-and. 5.3.
f criteria

hdard permits ‘@ jchoice between different criteria for compliance, or between
s or conditions of test, the choice is specified by the manufacturer.
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1.3.8 Examples mentioned in the standard

Where examples of equipment, parts, methods of construction, design techniques and faults are
given in the standard, prefaced by “for example” or “such as”, other examples, situations and
solutions are not excluded.

1.3.9 Conductive liquids

For the electrical requirements of this standard, conductive liquids shall be treated as conductive

parts.

1.4 General conditions-for-tests

1.4.1 Applicat

The tests detai

on of tests

ed in this standard shall be conducted only if safety is involved.

If it is evident from the design and construction of the equipment that a particular test is not

applicable, the

Unless otherwis

fest is not made.

be stated, upon conclusion of the tests, the equipment need hot be operational.

1.4.2 Type tests

Except where ¢

therwise stated, the tests specified in this standard are TyrPe TESTS.

1.4.3 Test sanpples

Unless otherwi
equipment the
USER.

As an alternati
separately on

inspection of th
will be repress
indicates a likel
in the equipme

If a test specifie
the condition tg

e specified, the sample or samples>under test shall be representative of the
bser would receive, or shall be the\actual equipment ready for shipment to the

Ve to carrying out tests.-onthe complete equipment, tests may be conducted
Circuits, components or-subassemblies outside the equipment, provided that
e equipment and cireuit arrangements indicates that the results of such testing
ntative of the results of testing the assembled equipment. If any such test
hood of non-canformance in the complete equipment, the test shall be repeated
Nt.

d in this.standard could be destructive, it is permitted to use a model to represent
be.evaluated.

NOTE 1 The tests should be conducted in the following order:

— compon
— compon

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

— tests where the equipment is not energized;
— live tests:

¢ under normal operating conditions;
* under abnormal operating conditions;
« involving likely destruction.

NOTE 2 In view of the resources involved in testing and in order to minimize waste, it is recommended that all parties concerned jointly

consider the test prog

ramme, the test samples and the test sequence.
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1.4.4 Operating parameters for tests

Except where specific test conditions are stated elsewhere in the standard and where it is clear
that there is a significant impact on the results of the test, the tests shall be conducted under the
most unfavourable combination within the manufacturer's operating specifications of the
following parameters:

supply voltage (see 1.4.5);

supply frequency (see 1.4.6);

oper :ltillg temperature (acc

physjcal location of equipment and position of movable parts;

operating mode;

adjugtment of THERMOSTATS, regulating devices or similar controls in OPERATOR ACCESS
AREAS, Which are:

¢ adjustable without the use of a TooL; or

 adjustable using a means, such as a key or a Toon, deliberately provided for
the oPERATOR.

— overg¢urrent protection devices provided as part of‘the building installation for
protection against overcurrents, short-circuits, and-€arth faults. (See 1.4.14.)

1.4.5 Supply Joltage for tests

In determining the most unfavourable voltage fof.the power to energize the equipment under test
(EUT), the following variables shall be takehlinto account:

— multiple RATED VOLTAGES;
— tolerances on RaTED v@LTAGE as specified below;
— extrgmes of RATED\VOLTAGE RANGES.

If the equipment is intended for direct connection to an Ac maINs suppLy, the tolerances on RATED
voLTAGE shall bg taken as +6 % and -10 %, unless:

— the raTeD voLTAGE is 230 V single-phase or 400 V three-phase, in which case the
tolerance shall be taken as +10 % and -10 %; or

— a wider tolerance is declared by the manufacturer, in which case the tolerance shall
be taken as this wider value.

If the equipment is intended only for connection to an a.c. mains equivalent source, such as a
motor-driven generator or an uninterruptible power supply (see 1.2.8.1), or a source other than
a MAINs suppLY, the tolerances on raTep voLTAGE shall be declared by the manufacturer.

D1
D1
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If equipment is intended for connection to a pc maINs suppLy, the tolerance shall be taken as +20
% and -15 %, unless declared otherwise by the manufacturer.

When testing equipment designed for d.c. only, the possible influence of polarity shall be taken
into account.

1.4.6 Supply frequency for tests
In determining the most unfavourable frequency for the power to energize the EUT, different

RATED FREQUENCIES Within the RaTED FREQUENCY RANGE shall be taken into account (for example, 50
Hz and 60 Hz) but consideration of the tolerance on a raTep FREQUENcY (for example, 50 Hz + 0,5

Hz) is not normattyrrecessary-

1.4.7 Electricdl measuring instruments

Electrical measuring instruments shall have adequate bandwidth to provide accurateeadings,
taking into accqunt all components (d.c., ac mains suppLy frequency, high frequency andsharmonic
content) of the parameter being measured. If the r.m.s. value is measured, carecshall be taken
that measuring|instruments give true r.m.s. readings of non-sinusoidal waveforms as well as
sinusoidal waveforms.

1.4.8 Normal ¢perating voltages

For the purposgs of:

— detefmining workiNG voLTAGES (see 1.2.9.6); and

— clasgifying circuits in the equipment as ELv CIRCUITS, SELV CIRCUITS, TNV-1 CIRCUITS, TNV-2
CIRCUITS| TNV-3 CIRCUITS, OF HAZARDOUS VOLTAGE EGifCuits;

the following vdltages shall be considered:

— normjal operating voltages generated in the equipment, including repetitive peak
voltagep such as those associated with switch mode power supplies;

— normal operating voltages generated outside the equipment, including ringing
signals|received from TELECOMMUNICATION NETWORKS.

For these purgoses, unwanted, externally generated, non-repetitive transient voltages (for
example, MAINS [TRANSIENTA/OLTAGES and TELECOMMUNICATION NETWORK TRANSIENT VOLTAGES) induced by
power distributipn system switching and lightning surges, shall not be considered:

— when determining wWoRKING VOLTAGES, because such transients have been taken into
account in the procedures for determining minimum cLearances (see 2.10.3 and Annex
G);

— when classifying circuits in the equipment, except when distinguishing between seLv
circuits and TNv-1 circuits and between Tnv-2 circuits and TNv-3 circuiTs (see 1.2.8.11,
Table 1A).

NOTE 1 The effects of unwanted steady-state voltages generated outside the equipment (for example, earth potential differences and
voltages induced on TELECOMMUNICATION NETWORKs by electric train systems) are controlled by installation practices or by appropriate isolation

in the equipment. Such measures are application dependent and are not dealt with by this standard.
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NOTE 2 In Canada and the United States, additional requirements apply for protection against overvoltages (see Clause 6, Note 5).
1.4.9 Measurement of voltage to earth

Where the standard specifies a voltage between a conductive part and earth, all of the following
earthed parts are considered:

— the main protective earthing terminal (if any); and

— any other conductive part required to be connected to protective earth (for
examples see 2.6.1); and

— any ¢onductive part that is earthed within the equipment for functional reasons.

Parts that will be earthed in the application by connection to other equipment, but are unearthed
in the equipment as tested, shall be connected to earth at the point by which the highest voltage
is obtained. When measuring a voltage between earth and a conductor in a circuit that will not
be earthed in the intended application of the equipment, a non-inductive resistoro#'5 000 Q +
10 % shall be qonnected across the voltage measuring instrument.

Voltage drop inj the proTECTIVE EARTHING conbucTor Of the power supply éord, or in an earthed
conductor in other external wiring, is not included in the measurements.

1.4.10 Loading configuration of the EUT

In determining the input current (see 1.6.2), and where othertest results could be affected, the
following variables shall be considered and adjusted to give’the most unfavourable results:

— loadg due to optional features, offered orprovided by the manufacturer for inclusion
in or with the EUT;

— loadsg due to other units of equipMent intended by the manufacturer to draw power
from the EUT;

— loadg that could be connécted to any standard supply outlets in oPERATOR ACCESS
AREAs O the equipment,(Up*to the value indicated in the marking required by 1.7.5.

It is permitted tp use artificialloads to simulate such loads during testing.
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1.4.11 Power from a telecommunication network

For the purpose of this standard, the power available from a TELECOMMUNICATION NETWORK iS

considered to b

e limited to 15 VA.

1.4.12 Temperature measurement conditions

1.4.12.1 General

Temperatures measured on the EUT shall conform to 1.4.12.2 or 1.4.12.3, as applicable, all
temperatures being in degrees Celsius (°C); where

T isf
conditid

Tm ax

Tamb

Tma |
specifig

1.4.12.2 Temp,

For equipment

he temperature of the given part measured under the prescribed test
ns;

is the maximum temperature specified for compliance with the test;
is the ambient temperature during test;

5 the maximum ambient temperature permitted by the manufacturer’s
ation, or 25 °C, whichever is greater.

erature dependent equipment

where the amount of heating or cooling is<designed to be dependent on

temperature (fqr example, the equipment contains a fan thathas a higher speed at a higher

temperature),

the temperature measurement is made~at the least favourable ambient

temperature within the manufacturer’s specified operating range. In this case:

T shall not

exceed Tax-

NOTE 1 In order to {ind the highest value of T for each compenent, it may be necessary to conduct several tests at different values of

Tamb-

NOTE 2 The least fgvourable value of T,np, may Be different for different components.
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1.4.12.3 Non-temperature dependent equipment

For equipment

where the amount of heating or cooling is not designed to be dependent on

ambient temperature, it is permitted to use the method in 1.4.12.2. Alternatively, the test is
performed at any value of T, Within the manufacturer’s specified operating range. In this case:

T shall not

During the test,

exceed (Tmax + Tamb — Tma)-

Tamp Should not exceed T,,5 unless agreed by all parties involved.

1.4.13 Temperature measurement methods

Unless a particJJIar method is specified, the temperatures of windings shall be determined either

by the thermoc

buple method or by the resistance method (see Annex E). The temperature$ of

parts other than windings shall be determined by the thermocouple method. Any other suitable

method of temy
and which achi
and position of
temperature of

erature measurement which does not noticeably influence the thermal balance
bves an accuracy sufficient to show compliance is also permitted. Theychoice of
temperature sensors shall be made so that they have minimuniéffect on the
the part under test.

1.4.14 Simulaled faults and abnormal conditions

Where it is req
applied in turn
or abnormal oq
operating cond

When applying

materials, medi
the outcome of

When applying

Lired to apply simulated faults or abnormal operating\conditions, these shall be
bnd one at a time. Faults which are the direct consequence of a simulated fault
erating condition are considered to be part of that simulated fault or abnormal
tion.

simulated faults or abnormal operating, conditions, parts, supplies, consumable

B and recording materials shall be inplace if they are likely to have an effect on
the test.

simulated faults or abnormal éperating conditions, consideration should be given

to_the overcurrént protection devices provided as part of the building installation for protection
aaainst overcujrents: short-circuits: and-earth faults.

For pLuccaBLE H
circuit breaker

For PLUGGABLE E
of the plug or a

Where there is

QUIPMENT TYPE A, the ‘protection in the installation shall be taken to be a fuse or
ated 20 A.

uIPMENT T¥PE-B, the protection in the installation shall be equal to the rated current
s specified in the installation instructions. (See 2.7.1.)

asspecific reference to a single fault, the single fault consists of a single failure

of any insulation (excluding DOUBLE INSULATION OF REINFORCED INSULATION) Or a single failure of any
component (excluding components with bDOUBLE INSULATION OF REINFORCED INSULATION). The failure of
FUNCTIONAL INSULATION is simulated only when required by 5.3.4 c).

The equipment,

fault conditions

circuit diagrams and component specifications are examined to determine those
that might reasonably be expected to occur. Examples include:

— short-circuits and open circuits of semiconductor devices and capacitors;

— faults causing continuous dissipation in resistors designed for intermittent
dissipation;

D1
D1
D1

D1
D1

D1
D1
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— internal faults in integrated circuits causing excessive dissipation;

— failure of Basic INsuLATION between current-carrying parts of the primaRY circuiT and

¢ accessible conductive parts;
e earthed conductive screens (see Clause C.2);
e parts of seLv circuITs;

e parts of LIMITED CURRENT CIRCUITS.

1.4.15 Compliane by inspection of relevant data

Where in this standard compliance of materials, components or subassemblies is checked’by
inspection or bl testing of properties, it is permitted to confirm compliance by reviewing any

relevant data o
TESTS.

previous test results that are available instead of carrying out the specified Tyre

1.5 Components

1.5.1 General

Where safety i
where specified
standards.

involved, components shall comply with the requiréments of this standard or,
in a requirements clause, with the safety aspects of the relevant IEC component

NOTE An IEC comppnent standard is considered relevant only if the component in question clearly falls within its scope.

Components ar
as part of an e
consideration td

d subassemblies that comply with4EC-62368-1+ CSA/UL 62368-1 are acceptable
uipment covered by this standard without further evaluation other than to give
the appropriate use of the semponent or subassembly in the end-product.

In this standard, certain IEC component’ standard requirements are replaced by the relevant

requirements o

In_this_standarg
complying with

component standards listed in Annex P.1.

. certain requitements (such as flammability tests) are alternatively satisfied by
relevant requirements of component standards listed in Annex P.2.

DC

DC
DC

DC
DC
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1.5.2 Evaluation and testing of components

Where use of an IEC component standard is permitted above, evaluation and testing of
components shall be conducted as follows:

— a component shall be checked for correct application and use in accordance with its
rating;

— a component that has been demonstrated to comply with a standard harmonized
with the relevant IEC component standard shall be subjected to the applicable tests of
this standard, as part of the equipment, with the exception of those tests that are part

of the retevantiE€ componet t-stat |u'a|u',
— a component that has not been demonstrated to comply with a relevant standard(as
above ghall be subjected to the applicable tests of this standard, as part of the
equipmient, and to the applicable tests of the component standard, under the
conditigns occurring in the equipment; NOTE The applicable
NOTE The applicable test for compliance with a component standard is, in general, conducted separately.
— where components are used in circuits not in accordance withttheir specified
ratings,| the components shall be tested under the conditions oceurring in the
equipmient. The number of samples required for test is, in general, the same as
requiredl by an equivalent standard.

Compliance is ¢hecked by inspection and by the relevant data or tests.

1.5.3 Thermal|controls

Thermal contro|s shall be tested in accordance witlr Annex K.

1.5.4 Transformers

Transformers shall comply with the relevant requirements of this standard, including those of
Annex C.

P.1
P2

P2
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1.5.5 Interconnecting cables

INTERCONNECTING

caBLEs provided as part of the equipment shall comply with the relevant

requirements of this standard and shall not present a hazard in the meaning of this standard
whether they are detachable or non-detachable.

For INTERCONNECTING caBLES supplied alone (for example, printer cables), it is permitted to apply the
requirements of this subclause at the option of the manufacturer.

It is permitted to treat cables, or those parts of cables, that are within an equipment encLosure
either as INTERCONNECTING CABLES Of as internal wiring.

INTERCONNECTING

caBLES used for external interconnection between parts of equipment or systems

shall be constriicted of cable acceptable for external use and shall be rated for the applicafion

with respect to
and the like.

Cable assembli
be constructed|

and temperatur

Cable assembl
uncoiled, and {
defined in the @
70. may be ¢
requirements.

Compliance is

1.5.6 Capacitd

voltage, current. anticipated temperature. flammability, mechanical serviceability

s with lengths external to the unit not exceeding 3.05 m, coiled oruncoiled, may

of jacketed appliance wiring material, suitable for the maximum\voltage, current
p. rated VW-1 or FT-1 or better.

es or wiring with lengths external to the unit not exceeding 3.05 m, coiled or
upplied by a limited power source or CEC/NEC Class 2 source of supply as

anadian Electrical Code, CSA C22.1 and National’Electrical Code, ANSI/NFPA
bnstructed of materials rated VW-1_or FT-Ior better with _no_additional

checked by inspection.

rs bridging insulation

A capacitor co

nected between two line cohductors in a pRIMARY circuiT, or between one line

conductor and the neutral conductor or-between the primary circuiT and protective earth shall
comply with ong of the subclasses of IEC 60384-14 and shall be used in accordance with its

rating. This re
INSULATION elseW
specified in 4.1

— Tem

— Hum

uirement also applies ‘'to a capacitor bridging DOUBLE INSULATION Of REINFORCED
here in the equipment. The details of the damp heat, steady state test as
P of IEC 60384-14 shall be as follows:

perature: 40-°C £ 2 °C;

dity: (93 £ 3) % relative humidity;

— Test

NOTE 1

duration: 21 days.

Capacitors that have been subjected to a test duration longer than 21 days are considered to have met the test duration criteria.

The above requirement does not apply to a capacitor connected between a HAZARDOUS VOLTAGE
SECONDARY CIRCUIT protective earth, where only BAsic INSULATION is required.

NOTE 2 The test of

5.2.2 still applies between the HAzARDOUS VOLTAGE SECONDARY cIRcuIT and protective earth.

The appropriate capacitor subclass shall be selected from those listed in Table 1C, according to
the rules of application in the table.

D1
D1
D1
D1

DC
DC
DC

DC
DC
DC
DC
DC

D1

P.1
P.2
NAA
NAE

P2
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Table 1C — Capacitor ratings according to IEC 60384-14

Capacitor subclass RATED VOLTAGE of the TYPE TEST impulse TYPE TEST r.m.s.
according to IEC 60384-14 capacitor voltage of the capacitor | voltage of the capacitor
V r.m.s. kV peak kV r.m.s.
Y1 Up to and including 500 8 4
Y2 Over 150 up to and 5 1,5
including 300
Y4 Up to and including 150 2,5 0,9
X1 Up to and including 760 42 -
X2 Up to and including 760 2,52 -

Rules for the applicattorof-Fabte—+€

ed to bridge BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED

shall be class Y except that it is permitted to bridge BASIC INSULATION in a SECONDARY
class X capacitor.

apacitor bridging FUNCTIONAL INSULATION, BASIC INSULATION, SUPPLEMENTARY

or REINFORCED INSULATION, the voltage rating of the single capacitor shall be at,least equal
ORKING VOLTAGE across the insulation being bridged, determined according to 2:10!2.2.

apacitor bridging FUNCTIONAL INSULATION, BASIC INSULATION or SUPPLEMENTARY

CIRCUIT by

2  For asingle
INSULATIO
to the RMS

3  Forasingle

TEST impulse test voltage of the single capacitor shall be not less than the\peak value of the
ot the r.m.s. voltage) of Table 5B for BASIC INSULATION, or the peaKvalte of the test voltage
r BASIC INSULATION, as applicable;

TEST r.m.s. voltages of the single capacitor shall be not less than'the required r.m.s. test voltage
r BASIC INSULATION, or the equivalent r.m.s. test voltage (mot\the peak voltage) of Table 5C
ULATION, as applicable

apacitor bridging DOUBLE INSULATION or REINFORGED)INSULATION,

TEST impulse voltage of the single capacitor shall be-not less than the peak value of the test
e r.m.s. voltage) of Table 5B for REINFORCED INSWULATION, or the peak value of the test
le 5C for REINFORCED INSULATION, as applicable;

TEST r.m.s. voltage of the single capacitors §hall be not less than the required r.m.s. test voltage
of Table 5B for REINFORCED INSULATION, or the equivalent r.m.s. test voltage (not the peak voltage) of
Table 5C for|REINFORCED INSULATION, as applicable;

5 Itis permitted to use a higher grade capacitor than_the one specified, as follows:
— subclass |1 if subclass Y2 is specified;
1 or Y2 if subclass Y4 is specified;
1 or Y2 if subclass X1 is\specified;
1, Y1 or Y2 if subclass™X2 is specified.
to use two or mofe ¢apacitors in series in place of the single capacitor specified, as follows:
1 or Y2 if subclass Y1 is specified;
2 or Y4 if subclass Y2 is specified;
1 or X2lif subclass X1 is specified.
capacifors are used in series, all of the following apply:
fatlt’conditions, the voltage on each of the remaining individual capacitors shall not exceed the
voltage rating-eftheretevantindividuat-capacitor:
— for BASIC INSULATION or SUPPLEMENTARY INSULATION, the sum of the TYPE TEST peak impulse test

voltages of all capacitors shall be not less than the peak value of the test voltage (not the r.m.s. voltage) of
Table 5B, or the peak value of the test voltage of Table 5C, as applicable;

— for BASIC INSULATION or SUPPLEMENTARY INSULATION, the sum of the TYPE TEST r.m.s. test
voltages of all capacitors shall be not less than the required r.m.s. test voltage of Table 5B, or the equivalent
r.m.s. test voltage (not the peak voltage) of Table 5C, as applicable;

— for REINFORCED INSULATION, the sum of the TYPE TEST peak impulse test voltages of all capacitors
shall be not less than the peak value of the test voltage (not the r.m.s. voltage) of Table 5B, or the peak value
of the test voltage of Table 5C, as applicable;

test voltage
of Table 5C

- the TYP
of Table 5B
for BASIC IN

4  For asingle

— the TYP
voltage (not

— subclass
— subclass
— subclass
6 Itis permitte
— subclass
— subclass
— subclass

Table 1C — Capacitor ratings according to IEC 60384-14 Continued on Next Page
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Table 1C — Capacitor ratings according to IEC 60384-14 Continued

Capacitor subclass
according to IEC 60384-14

RATED VOLTAGE of the

capacitor
Vr.m.s.

TYPE TEST impulse
voltage of the capacitor

kV peak

TYPE TEST r.m.s.
voltage of the capacitor

kV r.m.s.

— for REINFORCED INSULATION, the sum of the TYPE TEST r.m.s. test voltages of all capacitors shall be
not less than the required r.m.s. test voltage of Table 5B, or the equivalent r.m.s. test voltage (not the peak
voltage) of Table 5C, as applicable;

— they shall comply with the other rules above.

a For capacitance values of more than 1 pF, this test voltage is reduced by a factor equal to VC, where C is the
capacitance value in pF.

Table 1D giveq a number of informative examples of the application of capacitors selected in
accordance with Table 1C. Other examples are possible.
Table 1D - Informative examples of application of capacitors
AC MAINS Overvoltage MAINS Bridged Capacitor Number of-capacitors
SUPPLY Category TRANSIENT insulation type Using Tablé~|~'Using Table
voltage up to VOLTAGE 5B 5C
and including kV
Vr.m.s.

150 I 1,5 BorS Y2 1 1

I 1,5 D or R Y2 2 2

I 1,5 D or R Y1 1 1

I 1,5 F X2 1 1

I 2,5 F X2 - 1

I 2,5 BorS Y2 - 2

1] 2,5 D or R Y1 - 1

v 4,0 F X1 - 1

v 4,0 BorS Y1 - 1

v 4,0 B«Or'S Y2 - 2

% 4,0 B orR Y1 - 2

250 I 2,5 F X2 1 1

1] 4,0 F X1 - 1

300 I 2,5 BorS Y2 1 2

1l 2,5 DorR Y1 1 1

Il 2,5 DorR Y2 2 3

1] 4,0 BorS Y1 - 1

I 4,0 BorS Y2 - 2

11 4,0 D or R Y1 - 2

1] 4,0 D or R Y2 - 4

1% 6,0 F X1 - 2

v 6,0 BorS Y1 - 2

[\ 6,0 D or R Y1 - 3

500 I 4,0 F X1 1 1

1] 4,0 BorS Y1 1 1

1] 4,0 DorR Y1 1 2

Il 6,0 F X1 - 2

Il 6,0 BorS Y1 - 2

Il 6,0 D or R Y1 - 3

v 8,0 F X1 - 2

[\ 8,0 BorS Y1 - 2

Table 1D - Informative examples of application of capacitors Continued on Next Page
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Table 1D - Informative examples of application of capacitors Continued

AC MAINS Overvoltage MAINS Bridged Capacitor Number of capacitors
SUPPLY Category TRANSIENT insulation type Using Table | Using Table
voltage up to VOLTAGE 5B 5C
and including kv
V r.m.s.
\Y 8,0 Dor R Y1 — 3

The values in the
INSULATION (S),

table apply to FUNCTIONAL INSULATION (F), BASIC INSULATION (B), SUPPLEMENTARY
DOUBLE INSULATION (D) and REINFORCED INSULATION (R).

NOTE Table 5B

is used for Overvoltage Categories | and Il only.

If an accessibl

conductive part or circuit is separated from another part by pousLe iNsuLATION OF,

REINFORCED INsULiTION that is bridged by a capacitor or capacitors, the accessible part or circuit
shall comply with the requirements for a LMmITED CURRENT circuIT in 2.4. This requirement applies

after electric st

NOTE 3 A circuit is
2.4 are met.

Compliance is

ength testing of the insulation with the bridging capacitor or capacitors in\place.

LIMITED CURRENT cIrcuIT if the current through the bridging components complies with 2.4 and oth€mrequirements of

checked by inspection and measurement.

1.5.7 Resistorp bridging insulation

1.5.7.1 Resistors bridging functional insulation, basic insulation or supplementary

insulation

There are no s
SUPPLEMENTARY IN
and in some ¢4

NOTE In Finland, N
In addition when a sir}

becial requirements for resistors bridging FUNCTIONAL INSULATION, BASIC INSULATION OF
SULATION, but the relevant requirements.of 2.10.3 (or Annex G) and 2.10.4 apply,
ses those of 2.4.

rway and Sweden resistors bridging BAsIC INSUCATION iN CLASS | PLUGGABLE EQUIPMENT TYPE A must comply with 1.5.7.1.

lgle resistor is used, the resistor must withstand the resistor test in 1.5.7.2.

1.5.7.2 Resisttrs bridging double insulation or reinforced insulation between the a.c.

mains supply

It is permitted t

nd other circuits

b bridge DOUBLE INSULATION OF REINFORCED INSULATION by one resistor or by a group of

two or more rTsistors in~Series under the following conditions. For conditions applicable to

circuits connec

The resistor or

ed to an~dntenna or coaxial cable, see 1.5.7.3.

group- of resistors shall comply with the minimum cLearances of 2.10.3 or Annex

G and the min

mum creepaGE DISTANCES Of 2.10.4 for reinrForcED INsutaTiON for the total working

VOLTAGE across the resistor or group of resistors. For a group of resistors, see also Figure F.13.
If a single resistor is used, it shall pass the resistor test below.

If a group of resistors is used, the cLEARancE and cCREEPAGE DISTANCE are assessed as if each
resistor were short-circuited in turn, unless the group passes the resistor test below.

If an accessible conductive part or circuit is separated from another part by pousLE INSULATION OF
REINFORCED INSULATION that is bridged by a resistor or group of resistors, the accessible part or
circuit shall comply with the requirements for a umTED CURRENT circulT in 2.4 between the

P2
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accessible conductive part or circuit and earth. If a group of resistors is used, the current
measurement in 2.4.2 is made with each resistor short-circuited in turn, unless the group passes
the resistor test below. When measuring the umep current circuit, the ammeter is placed
between the load side of the bridging components and any user accessible part, including earth.

Compliance is checked by inspection and measurement and, if specified above, by the following
resistor test on ten samples. A sample is a single resistor if used alone, or a group of resistors
in series.

Resistor Test

ol - v L L H L
Before the testtheresistarrceofeach sampre-fsmeasured.

The samples gre subjected to the damp heat test according to IEC 60068-2-78, with.\the
following detail$:

— Temperature: 40 °C + 2 °C;

— Humjdity: (93 £ 3) % relative humidity;

— Test|duration: 21 days.
NOTE Resistors tha] have been subjected to a test duration longer than 21 days are consider€d\{o have met the test duration criteria.
Each sample i$ then subjected to ten impulses of alternating~polarity, using the impulse test
generator refergnce 2 of Table N.1 The interval between successive impulses is 60 s, and U, is
equal to the applicable REQUIRED WITHSTAND VOLTAGE.

After the test, the resistance of each sample shall.not*have changed by more than 10 %.

No failure is peymitted.
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1.5.7.3 Resistors bridging double insulation or reinforced insulation between the a.c.
mains supply and circuits connected to an antenna or coaxial cable

The requirements and tests of 1.5.7.2 apply except the impulse test generator is as specified in
reference 3 of Table N.1 if the circuit is connected to an antenna or reference 1 of Table N.1 if
the circuit is connected to a coaxial cable.

After the test, the resistance of each sample shall not have changed by more than 20 % and no
failure is permitted.

NOTE If a resistor or a group of resistors is connected between the PRIMARY CIRcUIT and a CABLE DISTRIBUTION SYSTEM, 7.4 also applies.

1.5.8 Componlents in equipment for IT power distribution systems

For equipment
between line ar
However, caps
applications if t
NOTE 1 The above

NOTE 2

applicable line-to-line

In Norway,

Compliance is

1.5.9 Surge su

1.5.9.1 Gener3gl

It is permitted
(VDR), in a sec

to be connected to IT power distribution systems, components connected
d earth shall be capable of withstanding the stress due to the line-to-line.voltage.
citors rated for the applicable line-to-neutral voltage are permitted~in such
hey comply with subclass Y1, Y2 or Y4 of IEC 60384-14.

Capacitors are endurance tested at 170 % of the voltage rating of the capacitor.

Hue to the IT power distribution system used (see Annex V, Figure V.7), capacitots’are required to be rated for the
boltage (230 V).

checked by inspection.

ppressors

to use any type of surge suppressor, including a voltage dependent resistor
DNDARY CIRCUIT.

If a surge suppiessor is used in a PrIMARY-CIRcUIT, it shall be a VDR and it shall comply with Annex

NOTE 1 A VDR is s
blocks and semicondy

NOTE 2

SECONDARY CIRCUITS. HO
- |IEC 614

It is not a

bmetimes referred to'asja varistor or a metal oxide varistor (MOV). Devices such as gas discharge tubes, carbon
ctor devices with.non-linear voltage/current characteristics are not considered as VDRs in this standard.

requirement.of this standard to comply with any particular component standard for surge suppressors used in

vever, attention is drawn to the IEC 61643 series of standards, in particular:
48-21 (surge suppressors in telecommunications application)

P2

- IEC 616

FOTOT 1 (gds drscarge (oes)

— IEC 61643-321 (avalanche breakdown diodes)
— |IEC 61643-331 (metal oxide varistors).

Compliance is checked by inspection and application of Annex Q as appropriate.
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1.5.9.2 Protection of VDRs

For protection against

— temporary overvoltages above the maximum continuous voltage,

— thermal overload due to leakage current within the VDR, and

— burning and bursting of the VDR in the event of a short-circuit fault,

an interrupting means having an adequate breaking capacity shall be connected in series with

the VDR. This 1

NOTE 1 For tempor

requirement-doesnotappty-toa vYBR-iaommeEDcorRrERTTRC DT

ry overvoltages from the Ac mains suppLy, see IEC 60664-1.

NOTE 2 During the Iffetime of a VDR the leakage current increases with the number of switching cycles in the VDR. This leakage current

causes a permanent 4

Compliance is
CURRENT CIRCUIT,

1.5.9.3 Bridgir
It is permitted t
Compliance is
1.5.9.4 Bridgir
It is permitted t
with or without
with 2.6.1 a).

Equipment with

— PLUG(Q

— PERM

nd continuously increasing temperature stress, which can cause the VDR to burn or burst.

Checked by inspection and, if necessary to determine that the circuit is a LimTeD

by measurement and test.

g of functional insulation by a VDR

b bridge FUNCTIONAL INsuLATION by a VDR.

checked by inspection.

g of basic insulation by a VDR

D bridge Basic INsuLATION by a VDR-complying with the requirements of Annex Q,
a GDT in series, provided that.0he side of the circuit is earthed in accordance

such a VDR bridging Basic insuLaTion shall be one of the following:
ABLE EQUIPMENT TYPE)B; OrI

NENTLY CONNECTFED EQUIPMENT,; Or

— equi

ment that has provision for a permanently connected PROTECTIVE EARTHING

conbucTor and is provided with instructions for the installation of that conductor.

NOTE In Finland, Norway and Sweden, the third dashed item is applicable only to equipment as defined in the Note to 6.1.2.2.

For all other equipment, it is permitted to bridge Basic INsuLATION by a VDR in series with a GDT

provided that:

— the VDR complies with the requirements of Annex Q; and

— the GDT complies with:

e the electric strength test for Basic iNnsuLATION; and
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* the external cLEARANCE and CREEPAGE DISTANCE requirements for BASIC INSULATION.
Compliance is checked by inspection and, if necessary, by measurement and test.
1.5.9.5 Bridging of supplementary, double or reinforced insulation by a VDR

It is not permitted to bridge SUPPLEMENTARY INSULATION, DOUBLE INSULATION OF REINFORCED INSULATION by
a VDR.

Compliance is checked by inspection.

1.6 Power intgrface NAE
1.6.1 AC Powg¢r distribution systems DE
1.6.1.1 AC power distribution systems DE

AC power distrfbution systems are classified as TN-C, TN-C-S, TN-S, TT or IT (s€€ Annex V).

1.6.1.2 D ower distribution systems D2 NAB
NAE

A circuit for cornection to the pc mains suppLy is classified as either a SELV-CIRCUIT. TNV-2 CIRCUIT Of D2

HAZzARDOUS VOLTAGE circuir depending on the maximum operating #oltage of the supply. This D2
maximum operating voltage shall include consideration of the battery charging “float voltage” D2
associated with the intended supply system, regardless of the marked power rating of the D2
equipment. D2

NOTE Equipment mhrked -60 V d.c. and connected to a bc mains suppLy mayhave a maximum operating voltage of up to -75 V d.c. per D2
IEC TR 62102, D2

For the purposds of applying insulation requirements only, circuits connected to a bc MAINS SuPPLY D2

shall be treated as indicated below: D2
Maximum Operatihg Voltage of oc mains suppLy Classification of Circuit Connected to bc maiNs supPLY D2
up to 60 V d.c. SELV D2
> 60 V up to and ihcluding 80 V TNV-2 D2
>80V HAZARDOUS VOLTAGE D2

These circuits are not clrrent-limited to Tnv circuit limits when providing power for equipment D2

connected to al bc mams_suppLy but shall be appropriately current-limited when connected to a D2
TELECOMMUNICATIQN NETWORK. D2

See 3.2.1.2 for additional connection requirements for equipment connected to a bc MAINS SUPPLY. D2
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1.6.2 Input current

The steady state input current of the equipment shall not exceed the raTeED cCURRENT by more than
10 % under NORMAL LOAD.

NOTE See also 1.4.10.

Compliance is checked by measuring the input current of the equipment at NORMAL LOAD under
the following conditions:

— where an equipment has more than one RATED VOLTAGE, the input current is

L e L
measugecateacirRATED VOLTAGE,

— whelle an equipment has one or more RATED VOLTAGE RANGES, the input current is
measuled at each end of each ratep voLTAGe ranGe. Where a single value of raTeD
cURReNT is marked (see 1.7.1), it is compared with the higher value of input current
measufed in the associated voltage range. Where two values of RATED CURRENT are
marked, separated by a hyphen, they are compared with the two values(measured in
the asdociated voltage range.

In each case, the readings are taken when the input current has stabilizéd. If the current varies
during the normal operating cycle, the steady-state current is taken as\the mean indication of
the value, meagured on a recording r.m.s. ammeter, during a representative period.

1.6.3 Voltage |imit of hand-held equipment

The RATED vOLTAGE Of HAND-HELD EQUIPMENT shall not exceed250 V.

Compliance is ¢hecked by inspection.

1.6.4 Neutral ¢gonductor

The neutral copductor, if any, shall be, insulated from earth and from the soby throughout the
equipment as if|it were a line conductor."Gomponents connected between neutral and earth shall

be rated for ling-to-neutral voltage_(but'see also 1.5.8).

Compliance is ¢hecked by inspection.
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1.7 Markings and instructions NAA
NOTE Additional requirements for markings and instructions are contained in the following subclauses:

2.11.2 Battery compartments

2.3.23 Protection by earthing

2.6.1 Unearthed parts

2.6.2 FUNCTIONAL EARTHING

2.6.3.4¢c) Bonding conductors

2.6.5.1 Bonding conductors

2.71 External protective devices

2.7.6 Neutral fusing

2.10.3.2 Overvoltage Categories

3.2.1.2 DC MAINS SUPPLY

3.3.7 Grouping of wiring terminals

343 3.4.4 Disconnect devices DE

3.4.6 Two-pole disconnect devices

3.4.7 Four-pole disconnect devices

3.4.9 Plugs as disconnect devices

3.4.10 Interconnected equipment

3.4.11 Multiple power sources

4.1 Equipment stability

425 Impact test

433 Adjustable controls

4.3.5 Plugs and sockets

4.3.13.4 UV radiation

4.3.13.5 Lasers

4.4.2 Hazardous moving parts

4452 Fan protection for users

4453 Fan protection for service persons

4.5.4 Tablg 4C Marking of hot parts

454 Touch temperatures

4.6.2 Equipment on non-combustible floors

4.6.3 Removable doors and covers

51.71 TOUCH CURRENT exceeding 3,5 mA

5.1.8.2 Summation of ToucH CURRENTS

6.1.1 and p.1.2.2 Earthing for a TELECOMMUNICATION NETWORK

7.2 and 7.4.1 Earthing for a CABLE DISTRIBUTION SYSTEM

G.2.1 Equipment in Overvoltage Categories Il and_V

DD.2 Maximum shelf load

EE.2 Shredder warning

EE.4 Shredder power disconnection

Annex NAA D2
Compliance with each subclause of 1.7 i5' checked by inspection unless otherwise specified (see
1.7.11).
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1.7.1 Power rating and identification markings

1.7.1.1 Power

Equipment sha

rating markings

Il be provided with a power rating marking, the purpose of which is to specify a

supply of correct voltage and frequency, and of adequate current-carrying capacity.

If the equipment is not provided with a means for direct connection to a mains suppLy, it need not
be marked with any electrical rating, such as its RATED VOLTAGE, RATED CURRENT Of RATED FREQUENCY.

If the equipment, or a system, has multiple maINs suppLY connections, each individual MAINS sUPPLY

electrical rating
electrical rating
mark them, for

Illubt IUU rrial 'r\cd, uuicba ti ITy alc ti 1S oadlllc, but t: < UVCIGH un;[JIIIUI It Ul bybtclll
need not be marked. If the multiple maiNs suppLY are identical, it is permitted to
bxample, as “mains suppLy electrical rating x N” where N is the number of identical

MAINS SUPPLY corjnections.

For equipment
shall be readily
accessible, the

intended to be installed by an operaToR, the power rating marking,ifyrequired,
visible in any oPERATOR AccEss AREA. If @ manual voltage selector is™fjet orPERATOR-
power rating marking shall indicate the raTep voLTaGge for which thé equipment is

set during marfufacture; a temporary marker is permitted for this purpose:xThe power rating
marking is perrpitted on any outer surface of the equipment, except theébottom of equipment

having a mass

exceeding 18 kg.

For staTionARY HaulPMENT, the power rating marking shall be visibletafter the equipment has been

installed as in 1
For equipment
a SERVICE ACCESS
instructions or
marker for this
The power ratir]

— RATELD

ormal use.

ntended to be installed by a service rerseny@nd if the power rating marking is in
AREA, the location of the permanent marking shall be indicated in the installation
bn a readily visible marker on the equipment. It is permitted to use a temporary
purpose.

g marking shall include the following:

VOLTAGE(S) OF RATED VOLTAGE RANGE(S), in Vvolts;

* the voltage range shall have a hyphen (-) between the minimum and
maximum RATED ¥OLTAGES and when multiple RATED VOLTAGES Of RATED VOLTAGE

RANGES are«given, they shall be separated by a solidus (/).

NOTE N\ \Seme examples of RATED voLTaGE markings are:

— RATED\WOLTAGE RANGE: 220-240 V. This means that the equipment is designed to be connected to an ac mains
supPLhaving any voltage between 220 V and 240 V.

| — miultiple raten vorTage: 120/230/240 V. This means that the equipment is designed to be connectedto an ac |

MAINS suppLY having a voltage of 120 V or 230 V or 240 V, usually after internal adjustment.

e if equipment is to be connected to both line conductors and to the neutral
conductor of a single-phase, three-wire power distribution system, the power
rating marking shall give the line-to-neutral voltage and the line-to-line voltage,
separated by a solidus (/), with the added notation “Three wires plus
protective earth”, “3W + PE” or equivalent;

NOTE 2 Some examples of the above system rating markings are:
120/240 V; 3 wire + PE;
120/240 V; 3W + © (60417-1-IEC-5019);

NAA
NAE
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100/200 V; 2W + N + PE;
100-120/200-240 V; 2W + N + PE.

— symbol for nature of supply, for d.c. only;

— RATED FREQUENCY Of RATED FREQUENCY RANGE, in hertz, unless the equipment is designed
for d.c. only;

— RATED CURRENT, in milliamperes or amperes;

e for equipment with multiple raTeD voLTAGES, the corresponding RATED CURRENTS
shall be marked such that the different current ratings are separated by a

solidus (/) and the relation between RraTED voLTAGE and associated RATED
CURRENT appears distinctly;

e equipment with a raTED voLTAGE RANGE shall be marked with either the
maximum RATED CURRENT Or with the current range;

* the power rating marking for rRATED cURRENT Of a group of unitg;having a
single supply connection shall be placed on the unit which is directly
connected to a mains suppLy. The RATED cURRENT marked on‘that unit shall be
the total maximum current that can be on circuit at the same time and shall
include the combined currents to all units in the group’that can be supplied
simultaneously through the unit and that can be gperated simultaneously.

NOTE 3 Some examples of RATED cURRENT markings are:
— for equipment with multiple RATED VOLTAGES;

120/240 V; 2,4/1,2 A;

100-120/200-240 V; 2,4/1,2 A;
— for equipment with a RATED VOLTAGE RANGE:

100-240 V; 2,8 A;

100-240 V; 2,8-1,4 A

100-120 V; 2,8 A

200-240 V; 1,4 A

It is recognized that ifi sQme regions it is customary to use a point (.) as a decimal marker instead of
a comma.

Additional marKings are permitted;)provided that they do not give rise to misunderstanding.

Where symbolg are usedqthey shall conform to ISO 7000 or IEC 60417 where appropriate
symbols exist.
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1.7.1.2 Identifi

cation markings

Equipment shall be provided by the following identification markings:

— manufacturer's name or trade-mark or identification mark;

— manufacturer's model identification or type reference;

— symbol @, IEC 60417-5172 (DB:2003-02), for the identification of cLAss Il EQUIPMENT
only, except where this is forbidden by 2.6.2.

Additional identificattorrmarkings—are—permitted;provided—that—they—donot—giverise—to—

misunderstandi

Ng.

These identification markings shall be readily visible in any oPERATOR AcCEss AREA, except that

they shall not

STATIONARY EQUIP
installed as in 1
1.7.1.3 Use of

Graphical symi

be located on the bottom of equipment having a mass exceeding 18 kg. For
vENT, the identification markings shall be visible after the equipmert-has been
ormal use.

graphical symbols

ols placed on the equipment, whether required by this standard or not, shall be

in accordance Wwith IEC 60417 or ISO 3864-2 or ISO 7000, if availableyin the absence of suitable

symbols, the m
Symbols placeq

1.7.2 Safety in

1.7.2.1 Genergl

anufacturer may design specific graphical symbols:
on the equipment shall be explained in the Gser manual.

structions and marking

Sufficient information shall be provided to theluser concerning any condition necessary to ensure

that, when use
hazard within tf

If it is necessar
installing, servig
available.

NOTE 1 Special pre
of separate units, if a

d as prescribed by the-manufacturer, the equipment is unlikely to present a
e meaning of this standard.

to take special precautions to avoid the introduction of hazards when operating,

ing, transporting jor storing equipment, the necessary instructions shall be made

autions may-be necessary, for example, for connection of the equipment to the supply and for the interconnection
y.

NOTE 2 Where appropriate, installation instructions should include reference to national wiring rules.

NOTE 3 In many countries, instructions and equipment marking related to safety are required to be in a language that is acceptable in

the country in which the equipment is to be installed. Servicing instructions are normally made available only to service Persons and are

generally acceptable i

n the English language only.

NOTE 4 In Germany, safety-related information, even for service PERsONS, has to be in the German language.

NOTE 5 In Canada,

the instructions and markings should be in French and English.
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NOTE 6 In Finland, Norway and Sweden, cLAss | PLUGGABLE EQUIPMENT TYPE A intended for connection to other equipment or a network,
must, if safety relies on connection to protective earth or if surge suppressors are connected between the network terminals and
accessible parts, have a marking stating that the equipment must be connected to an earthed mains socket-outlet.

The operating instructions, and the installation instructions for pLucaaABLE EQuIPMENT intended for
usker installation, shall be made available to the user.
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1.7.2.2 Disconnect devices

Where the disconnect device is not incorporated in the equipment (see 3.4.3) or where the plug
on the power supply cord is intended to serve as the disconnect device, the installation
instructions shall state that:

— for PERMANENTLY CONNECTED EQUIPMENT, a readily accessible disconnect device shall be
incorporated external to the equipment;

— for pLuGaaBLE EQuiPMENT, the socket-outlet shall be installed near the equipment and
shall be easily accessible.

1.7.2.3 Overcy

For PLUGGABLE H
shall specify th
the equipment,
[see also 2.6.3,

NOTE The specified
should be made for th

allowance for inrush g

s)
7

rrent protective devices

QUIPMENT TYPE B OF PERMANENTLY CONNECTED EQUIPMENT, the installation instructions

maximum rating of an overcurrent protective device to be provided external to
unless there are appropriate overcurrent protective devices in the‘equipment

3 b)].

maximum rating may not be one of the protective device ratings available in the countryof installation. Allowance

b use of a device with a smaller rating that will still be adequate for the equipment RATED CURRENT plus any necessary

urrent.

1.7.2.4 IT power distribution systems

If the equipmer]
distribution sysf

t has been designed or, when required, modified for connection to an IT power
em, the equipment installation instructions~shall so state.

1.7.2.5 Operatpr access with a tool

If a TooL is nec
within that area

pssary to gain access to an oPERATOR ACCESS AREA, either all other compartments
containing a hazard shall betinaccessible to the operaTor by the use of the same

TooL, or such cpmpartments shall be marked to discourage oPErRATOR access.

An acceptable

marking for an electfic shock hazard is A (ISO 3864, No. 5036).
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1.7.2.6 Ozone

For equipment

that may produce ozone, the installation and operating instructions shall refer to

the need to take precautions to ensure that the concentration of ozone is limited to a safe value.

NOTE The present

recommended long term exposure limit for ozone is 0,1 x 10 (0,2 mg/m3) calculated as an 8 h time-weighted

average concentration. It should be noted that ozone is heavier than air.

1.7.3 Short duty cycles

Equipment not intended for continuous operation shall be marked with its RATED OPERATING TIME,

and RATED RESTING—TmE-tmtess-theoperating-timetstmitedby-theconstroctonr—————————

The marking of

RATED OPERATING TIME Shall correspond to normal use.

The marking of the rateD operaTING TIME shall precede the marking of the raTeD ResTING TiME (if

given), the two

markings being separated by a solidus (/).

1.7.4 Supply Joltage adjustment

For equipment
adjustment sha

Unless the me

ntended for connection to multiple RATED voLTAGES Or FREQUENCIES, the method of
)l be fully described in the servicing or installation instructions.

hns of adjustment is a simple control near the power rating marking, and the

setting of this ¢ontrol is obvious by inspection, the following instruction or a similar one shall
appear in or ne@ar the power rating marking:

SEE INSTALLATION INSTRUCTIONS BEFORE, CONNECTING TO THE SUPPLY

1.7.5 Power o

If any standard

itlets on the equipment

power supply outlet in the(equipment is accessible to the oreraTor, a marking

shall be placed in the vicinity of the odtlet to show the maximum load that is permitted to be

connected to it

Socket-outlets

conforming to IEC-60083 are examples of standard power supply outlets.

NAA
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1.7.6 Fuse identification

Marking shall be located adjacent to each fuse or fuseholder, or on the fuseholder, or in another
location provided that it is obvious to which fuse the marking applies, giving the fuse current
rating and, where fuses of different voltage rating value could be fitted, the fuse voltage rating.

Where fuses with special fusing characteristics such as time delay or breaking capacity are
necessary, the type shall also be indicated.

For fuses not located in oPeERATOR Access AREAs and for soldered-in fuses located in oPERATOR
ACCESS AREAS, it is permitted to provide an unambiguous cross-reference (for example, F1, F2,

etc.) to the seryicing-imstroctions-that-statt-containtheretevant-information:

NOTE See 2.7.6 redarding other warnings to SERVICE PERSONS.

1.7.7 Wiring terminals

1.7.7.1 Protective earthing and bonding terminals

A wiring termingl intended for connection of a PRoTECTIVE EARTHING conbucToR Shall be indicated by
the symbol @, |EC 60417-5019 (DB:2002-10). This symbol shall not be Gsed for other earthing
terminals, except that the symbol may also be used to identify the separate protective earthing

terminal specified in 5.1.7.1.

It is not a reqliirement to mark terminals for PRoTECTIVE BONDING conDUCTORS, but where such
terminals are marked, the symbol = (IEC 60417-5017 (DB:2002-10)) shall be used.

The following sftuations are exempt from the above requirements:
— where terminals for the connection of a‘supply are provided on a component (for
example, a terminal block) or subassembly (for example, a power supply unit), the

symbol|=< is permitted for the protéétive earthing terminal instead of @ ;

— on stibassemblies or components, the symbol @ is permitted in place of the symbol
=< proyided that it does not\give rise to confusion.

These symbolq shall not be located on screws, or other parts that might be removed when
conductors are[being connected.

These requirements are_applicable to terminals for connection of a PROTECTIVE EARTHING CONDUCTOR
whether run as|an.integral part of a power supply cord or with supply conductors.

NAA

NAA
NAE

NAE


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

62

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

MARCH 27, 2007

1.7.7.2 Termin

als for a.c. mains supply conductors

For PERMANENTLY CONNECTED EQUIPMENT and equipment with ordinary NON-DETACHABLE POWER SUPPLY

CORDS:

— termi

nals intended exclusively for connection of the ac maiNs supPLY neutral

conductor, if any, shall be indicated by the capital letter N; and

— on three-phase equipment, if incorrect phase rotation could cause overheating or
other hazard, terminals intended for connection of the ac mains suppLY line conductors
shall be marked in such a way that, in conjunction with any installation instructions,

h . ) oy H los
t e sequence ot PrHast TULAlVTT TS Uuliarfiolgyuuus.

These indicatiops shall not be located on screws, or other parts that might be removed whéen
conductors are[being connected.

1.7.7.3 Termi

For PERMANENTL
corbs, terminal

indicate polarity.

If a single termi
for the connect
in addition to p

These indicatio
conductors are

als for d.c. mains supply conductors

CONNECTED EQUIPMENT and equipment with ordinary NON-DETACHABLE POWER SUPPLY
5 intended exclusively for connection of a pc mains suppLy. shall be marked to

hal is provided, both as a main protective earthing terminal in the equipment and
on to one pole of the pc maiNs suppLy, it shall be marked as specified in 1.7.7.1,
blarity marking.

ns shall not be located on screws or other-parts which might be removed when
being connected.

1.7.8 Controls| and indicators

1.7.8.1 Identification, location and marking

Unless it is oby
be identified or

ously unnecessary, indicators, switches and other controls affecting safety shall
located so as to indicate clearly which function they control.

Markings and ifdications for switiches and other controls shall be located either:

— ono

— elsey

adjacenf\to-the switch or control, or

Vhere,»provided that it is obvious to which switch or control the marking applies.

Indications used for this purpose shall, wherever practicable, be comprehensible without a
knowledge of languages, national standards, etc.

NAB
NAE
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1.7.8.2 Colours

Where safety is involved, colours of controls and indicators shall comply with IEC 60073. Where
colours are used for functional controls or indicators, any colour, including red, is permitted

provided that it

is clear that safety is not involved.

1.7.8.3 Symbols

Where symbols are used on or near controls (for example switches and push buttons), to
indicate “ON” and “OFF” conditions, they shall be the line | for “ON” and circle O for “OFF”
(IEC 60417-5007 (DB:2002-10)) and IEC 60417-5008 (DB:2002-10). For push-push type

switches the s

It is permitted

primary or secd

A “STAND-BY”
1.7.8.4 Markin

If figures are u

indicated by thg

etc.

1.7.9 Isolation

Where there is
LEVELS to equipn

PERSON 0 gain
device or devic
to isolate each

1.7.10 Therma

THERMOSTATS an

normal use sha

decrease the V|
permitted.

L LD 1 [T LA AN Ad4— CAadan (NN ONND 4 A\
MUV orlall VS UoCU (TLLU VUS T77OUTU (UD.cUUCZTTU) ).

0 use the symbols O and | to indicate the "OFF” and "ON” positions of-any
ndary power switches, including isolating switches.

condition shall be indicated by the symbol & (IEC 60417-5009 (DB:2002-10)).
pbs using figures

sed for indicating different positions of any control, the “@FF” position shall be
figure O (zero) and higher figures shall be used to indicate greater output, input,

of multiple power sources

more than one connection supplying HaZARDOUS VOLTAGES OF HAZARDOUS ENERGY
nent, a prominent marking, located close to the entry point provided for a service
pccess to the hazardous parts, shall>pbe provided to indicate which disconnect
bs isolate the equipment completely'and which disconnect devices can be used
section of the equipment.

stats and other regulatingdevices
i similar regulating ‘devices intended to be adjusted during installation or in

Il be provided wijthan indication for the direction of adjustment to increase or
plue of the characteristic being adjusted. Indication by the symbols + and — is
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1.7.11 Durability P2

Any marking required by this standard shall be durable and legible. In considering the durability
of the marking, the effect of normal use shall be taken into account.

Compliance is checked by inspection and by rubbing the marking by hand for 15 s with a piece
of cloth soaked with water and again for 15 s with a piece of cloth soaked with petroleum spirit.
After this test, the marking shall be legible; it shall not be possible to remove marking plates
easily and they shall show no curling.

The petroleum spirit to be used for the test is aliphatic solvent hexane having a maximum
aromatics contemt—of 1% L'Jy vofurme,—a—katribtterot—vatte of 29—armmitiat bufl'l'lly IJUI‘IIl‘ of
approximately b5 °C, a dry point of approximately 69 °C and a mass per unit volume oF
approximately 0,7 kg/l.

As an alternatiye, it is permitted to use a reagent grade hexane with a minimum of-85 % as
n-hexane.

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

1.7.12 Removable parts

Marking requirgdd by this standard shall not be placed on removable“parts that can be replaced
in such a way that the marking would become misleading.

1.7.13 Replacg¢able batteries NAA

If an equipment is provided with a replaceable battery; and if replacement by an incorrect type
could result in @an explosion (for example, with some lithium batteries), the following applies:

— if theg battery is placed in an opPeRafFeR ACCESs AREA, there shall be a marking close to
the batfery or a statement in both:ihe operating and the servicing instructions;

— if thg battery is placed elSewhere in the equipment, there shall be a marking close
to the hattery or a statement in the servicing instructions.

This marking of statement<shall include the following or similar text:

CAUTION

RISK OREXRPLOSIONIE BATTERY IS BERLACED BY AN INCORRECT TVRE, |

DISPOSE OF USED BATTERIES ACCORDING TO THE INSTRUCTIONS
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1.7.14 Equipm

For equipment

ent for restricted access locations

intended only for installation in a RESTRICTED Access LocaTion, the installation

instructions shall contain a statement to this effect.

2 Protection from hazards

2.1 Protection

from electric shock and energy hazards

2.1.1 Protection in operator access areas

This subclause
based on the p

— bare

— bare

bpcb;ficb |cqui| CITITI ﬁa fUI M1 UtUbtiUl I agail Ibt G:Ubtl ;b D: IUL;:’\ fl UITI ©TITI uiLGU‘ [Jaltb
finciple that the orperaTor is permitted to have access to:

parts of seLv circuits; and

parts of LIMITED CURRENT cIRcuITS; and

— TNV grecuits under the conditions specified in 2.1.1.1.

Access to othe

Additional reqy
hazards.

energized parts, and to their insulation, is restricted as specified in 2.1.1.1.

irements are specified in 2.1.1.5 and 2.1.1.8 for-protection against energy

2.1.1.1 Access to energized parts

The equipment
against contact

— bare
— bare

— SOLID
ELV CIRQ

— SOLID
HAZARDQ

NOTE 1

shall be so constructed that in oPERATORACCESS AREAS there is adequate protection
with:

parts of ELv circuiTs; and
parts at HAzARDOUS vVOLTAGES;and

INSULATION providing FRUNCTIONAL INSULATION OF BASIC INSULATION Of parts or wiring in
iTs, except as permitted in 2.1.1.3; and

INSULATION PFOWidiNg FUNCTIONAL INSULATION OF BASIC INSULATION of parts or wiring at
Us VOLTAGES;~and

FUNCTIONAL INSULATION includes, but is not limited to, insulation, such as lacquer, solvent-based enamel, ordinary

paper, cot

orhand oxide film, or displaceable insulation such as beads and sealing compounds other than self-hardening resin.

— unearthed conductive parts separated from ELv circuits or from parts at HAzaRDous
VOLTAGES bY FUNCTIONAL INSULATION OF BASIC INSULATION only; and

— bare

parts of Tnv circuiTs, except that access is permitted to:

e bare conductive parts in the interior of equipment that are normally
protected against contact by a cover intended for occasional removal by the
OPERATOR, such as for the installation of accessories, provided that the
installation instructions include directions for the disconnection of the Tnv

circuir connector before removing the cover;

D3
D3
D3
D3
D3
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¢ contacts of connectors that cannot be touched by the test probe, (Figure
2C);

¢ bare conductive parts in the interior of a battery compartment that complies
with 2.1.1.2;

e bare conductive parts of Tnv-1 circuiTs that have any point connected in
accordance with 2.6.1 d) to a protective earthing terminal;

* bare conductive parts of connectors in Tnv-1 circuiTs that are separated from
unearthed accessible conductive parts of the equipment in accordance with

o0 4

NOTE 2 A typical ag

.. 1.

plication is the shell for a coaxial connector.

NOTE 3 Access to TNV-1 circuits and TNV-3 circuits via other circuits is also restricted by 6.2.1 in some cases.

Unrestricted ac

These requirent
normal use.

Protection shal
Compliance is
a) Inspg

b) A te
when &
detach
covers
be sep
IEC 60

c) Ate
VOLTAGE]
be det3
OPERAT(Q

d) Atg

Cess is permitted to LIMITED CURRENT CIRCUITS.

ents apply for all positions of the equipment when it is wired~and operated as in

be achieved by insulation or by guarding or by thecuse of interlocks.
checked by all of the following.
ection.

st with the test finger, Figure 2A, which shall not contact parts described above
pplied to openings in the EncLosures after removal of parts that can be

bd by an operaToR, including fuséholders, and with operaTOR access doors and
open. It is permitted to leavéllamps in place for this test. Connectors that can
hrated by an oPeraTor, othérthan those complying with IEC 60083, IEC 60309,
B20, IEC 60906-1 or IEC-60906-2, shall also be tested during disconnection.

st with the test pinyFigure 2B, which shall not contact bare parts at HAzarDous
5 when applied. to openings in an external eLecTricAL ENcLOSURE. Parts that can
ched by an.oPeraToR, including fuseholders and lamps, are left in place, and
r access‘doors and covers are closed during this test.

st with the test probe, Figure 2C, where appropriate.

The test finger,

the test pin and the test probe are applied as above, without appreciable force,

in every possible position, except that floor-standing equipment having a mass exceeding 40 kg

is not tilted.

Equipment intended for building-in or rack-mounting, or for incorporation in larger equipment, is
tested with access to the equipment limited according to the method of mounting detailed in the
installation instructions.
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Openings preventing the entry of the test finger, test b) above, are further tested by means of a
straight unjointed version of the test finger applied with a force of 30 N. If the unjointed finger
enters, test b) is repeated except that the finger is pushed through the opening using any
necessary force up to 30 N.

NOTE 4 If an electrical contact indicator is used to show contact, care should be taken to ensure that the application of the test does

not damage components of electronic circuits.

Where contact between the test tool and the part is not permitted in the above tests, there is no
requirement for a minimum air gap for voltages not exceeding 1 000 V a.c. or 1 500 V d.c. For
higher voltages, there shall be an air gap between the part at Hazarpous voLTace and the test

H s A bl e e H L Fa¥m] L L b e £ ol H e f P H
f/nger, F/gure A, Orretest Py T rgurez 0, piacea s most anfavouraote position.—111s—att

gap, see Figurg 2D, shall either

— havg a minimum length equal to the minimum cLEARANCE for BasiC INSULATION specifieéd
in 2.10{3 (or Annex G), or

— shall|withstand the relevant electric strength test in 5.2.2.
If components are movable, for instance, for the purpose of belt tensioning, thestest with the test

finger is made| with each component in its most unfavourable position Within the range of
adjustment, thg belt being removed, if necessary, for this purpose.
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80
60
30 —==
Section
;0' (20)-=1
| E =={(10) A-A B-B
NNy s —
U= N
1A= ¢ o Cylindrical
| Insulating material
| Handle C-=f \b: Section C-C
Stop plate I'4
[ I < ] (

Y7 T
J

| Detail X .< \Eii:\\\\§1

(Example) N y \
N
1 22|

S E

Linear dimgnsions in millimetres

SM471D

Tolerances on dimg¢nsions without specific tolerances:

— 14° ahd 37° angles: + 15
— on raglii: + 0,1 mm
— on linpar dimensions:
<15 mm: 0
-0,1 mm
> 15 mm <25 mm: + 0,1 mm
> 25 nims + 0,3 mm

Material of finger: Heat-treated.steel, for example.

Both joints of this finger’can be bent through an angle of 90° (+10°, 0°) but in one and the same direction only.

NOTE 1 Using the pin and groove solution is only one of the possible approaches in order to limit the bending angle to 90°. For this
reason, dimensions and tolerances of these details are not given in the drawing. The actual design must ensure a 90° bending angle with
a 0° to +10° tolerance.

NOTE 2 Dimensions in parentheses are for information only.

NOTE 3 The test finger is taken from Figure 2, test probe B of IEC 61032. In some cases, the tolerances are different.

Figure 2A - Test finger
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4 -
20 0
- 15_0,1
oo -
I 1] oo
<t |
3 s ol
o Q
+H ~ - — — j T
o) Q *
N
Q

Dimensions in millimetres

S2962D

The handle dimengjons (2 10 and 20) are not critical.
NOTE The test pin dimensions are those given in Figure 9, test probe 13 of IEC 61032. In sarfie,cases the tolerances are different.

Figure 2B — Test pin

Non-conductive material

+0,05
R6.0 0 Conductive material

VL

12%3%

80% 02 Handle

Dimensions_in’ millimetres

SM430E

Figure 2C — Test probe
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ENCLOSURE
Internal conductive part f\ N

o >

Th

\ I—
\\H( j

)

r gap between test finger or test pin Test finger or test pin

d internal conductive part

H.

re is no requirement for a minimum air gap between the test finger or test pin and the

internal conductive part for voltages up to 1000 V a.c. and 1500 V d.c.
s4d30

Figure 2D — Accessibility of internal conductive parts

2.1.1.2 Battery compartments

Access by an dreraTor to bare conductive parts of\iNv circuits within a battery compartment in

the equipment

s permitted if all of the following-conditions are met:

— the gompartment has a door that requires a deliberate technique to open, such as
the usqg of a TooL or latching devige; and

— the 1NV circulT is not acéessible when the door is closed; and

— therg
equipm

is a marking.next to the door, or on the door if the door is secured to the
ent, with jnstructions for protection of the user once the door is opened.

Information stafing that-the telephone cord is to be disconnected prior to opening the door is an

example of an

bcceptable instruction.

Compliance is checked by inspection.
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2.1.1.3 Access to ELV wiring

Insulation of internal wiring in an eLv circuiT is permitted to be accessible to an opeEraTOR provided

that:

a) the insulation meets the requirements for supPLEMENTARY INsULATION detailed in 3.1.4;

or

b) all

of the following apply:

— the wiring does not need to be handled by the operaTor and is so placed

ol H [H P U Y H £ Idle i bl -
Uiat T UFERATUR TS UTTITATTY 1O PUIT UTT 1L, U TS SU TIATU Al T CUTITITULTTY

points are relieved from strain; and

— the wiring is routed and fixed so as not to touch unearthed accessible
conductive parts; and

— the insulation passes the electric strength test of 5.2.2 for sUPPLEMENTARY
INSULATION; and

— the distance through the insulation is not less than that given in Table 2A.

Table 2A - Distance through insulation of internal wiring

WORKING VPLTAGE (in case of failure of BASIC INSULATION) Minimum distance through

insulation

V peak or d.c. V r.m.s. (sinusoidal) mm

Over 71 up to an
Over 350

d including 350 Over 50 up to and including,250 0,17
Over 250 0,31

Compliance is

Checked by inspection and meaSurement, and by the test of 5.2.2.

2.1.1.4 Access to hazardous voltage_ circuit wiring

Where the insulation of internal wiring, dt HAzarRDOUS VOLTAGE iS accessible to an oPERATOR, or is not

routed and fixe

i to prevent it from touching unearthed accessible conductive parts, it shall meet

the requirements of 3.1.4 for DOUBLE INSULATION OF REINFORCED INSULATION.

Compliance is

Checked by-inspection and measurement and, if necessary, by test.
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2.1.1.5 Energy hazards

There shall be no risk of injury due to an energy hazard in an OPERATOR ACCESS AREA.

Compliance is checked by inspection and measurement and, if necessary, by tests.

a) A risk of injury due to an energy hazard exists if it is likely that two or more bare
parts (one of which may be earthed) between which a HAzARDOUS ENERGY LEVEL €XiSts,
will be bridged by a metallic object.

b) The likelihood of bridging the parts under consideration is determined by means of

the tes
bridge

c) The

I‘I.Ily(:'l, nyun—; ZA (oCCT 2 1 1 1/\, I.ll d Dl‘lal‘yl’ll‘ [JUbl‘l‘l’Ul I. l’l‘ al‘lal’l’ llUt bc‘ }JUDQI‘l‘JI’G tU
he parts with this test finger, applied without appreciable force.

existence of a HAzARDOUS ENERGY LEVEL IS determined as follows:

1) with the equipment operating under normal operating conditionsisa variable
resistive load is connected to the parts under consideration and adjusted to
obtain a level of 240 VA. Further adjustment is made, if necessary, to
maintain 240 VA for a period of 60 s. If the voltage is 2 V or:more, the output
power is at a HAZARDOUS ENERGY LEVEL, Unless an overcurrént protective device
opens during the above test, or for any other reasonthe-power cannot be
maintained at 240 VA for 60 s;

2) the stored energy in a capacitor is at a HAZARPous ENERGY LEVEL If the
voltage, U, is 2 V or more, and the stored energy, E, calculated from the
following equation, is 20 J or more:

E =05CU2 X 106

Where
E is the energy, in joulésy(J);
C is the capacitarice,” in microfarads (uF);

U is the measured voltage on the capacitor, in volts (V).
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2.1.1.6 Manual controls

Conductive shafts of operating knobs, handles, levers and the like in oPERATOR AcCESs AREAs shall
not be connected to parts at HAzaARDOUS VOLTAGES, 10 ELV CIRCUITS OF tO TNV CIRCUITS.

In addition, conductive operating knobs, handles, levers and the like which are manually moved
in normal use and that are earthed only through a pivot or bearing, shall either:

— be separated from parts at HAZARDOUS VOLTAGES by DOUBLE INSULATION OF REINFORCED

INSULATION; Or

— hav
VOLTAGE

Compliance is
tests of 5.2.2.

t: IUiI abbUDD;IU:U pd.lAlD UUVUIUL; IUy SUFFLENMENTARY INSULATIUN fUI ad AAZARDUUS
and by BAsIC INSULATION for a TNV CIRCUIT.

Checked by inspection and measurement, and by the applicable electric strength

2.1.1.7 Discharge of capacitors in equipment

Equipment sha
of a MAINS supPPl
equipment is re
MAINS SUPPLY €X(

Compliance is ¢
account the po

Equipment is g
exceeding 0,1
resulting in a ti

— 1sf
- 10 s

The relevant ti
effective dischad
and resistance
can be used.

made with, or r
100 MQ + 5 M

| be so designed that, at an oreraToRr-accessible external point.of disconnection

, the risk of electric shock from stored charge on capacitors connected in the
duced. No test for shock hazard is required unless the‘nominal voltage of the
eeds 42,4 V peak or 60 V d.c.

thecked by inspection of the equipment and relévant circuit diagrams, taking into
Esibility of disconnection of the supply with any:on/off switch in either position.

onsidered to comply if any capacitor having a marked or nominal capacitance
uF and in circuits connected to the mains suppLy has a means of discharge
ne constant not exceeding:

DI PLUGGABLE EQUIPMENT TYPE Apand
for PLUGGABLE EQUIPMENT, TYPE B

me constant is the\product of the effective capacitance in microfarads and the
rge resistance \inymegohmes. If it is difficult to determine the effective capacitance
values, a measurement of voltage decay at the point of external disconnection
(Vhen conducting the voltage decay measurement, the measurement is either
bferred.fo/ an instrument having an input impedance consisting of a resistance of
D in.parallel with an input capacitance of 25 pF or less.

NOTE During an interval equal to one time constant, the voltage will have decayed to 37 % of its original value.
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2.1.1.8 Energy hazards — d.c. mains supplies

Equipment shall be so designed that at an operaTor-accessible external point of disconnection
of a bc MAINS suppLY, either

— there is no HAzarDoOUs ENERGY LEVEL(for example, due to stored charge on a capacitor
or a battery in the equipment, or to a redundant pc mains suppLy for backup), or

— the HazaRDOUs ENERGY LEVEL is removed within 2 s of the disconnection.

External points of disconnection include the plugs of rLucgABLE EQuIPMENT and isolating switches

external to the gotipment:

Compliance is ¢hecked by inspection of the equipment and relevant circuit diagrams, taking.jgto
account the possibility of disconnection of the supply with any on/off switch in either position.

If necessary, tHe existence of a HAzaARDOUS ENERGY LEVEL iS determined as follows:
a) Capacitor connected to the pc mains suppLy
A test i conducted when the equipment is operating normally. Thebc MAINS SUPPLY iS
then disconnected and the voltage across the capacitor (U) is measured 2 s after
disconnection.

The stqred energy is calculated from the following formula:

E = 0,5 CL? xA6%

where
E is the energy, in joules (J);

C is the capacitance, in microfarads (UF);

U is the measureg-voltage on the capacitor, in volts (V).

A HazaARDOUS ENERGY LEVEL exists if the voltage, U, is 2 V or more, and the stored
energy| E, is 20 Jyor'more.

b) Inteynal battery connected to the pc mains suppLY

A test le—conducted uith the oo mamssurn v disconnected and a variable resistive load
[E-CORGHCIe W HAIE-DAINS-SURRLY HIECt Sg-aVaHase-4 He—+o4a4

connected to the input terminals where the pc mains suppLy is normally connected. The

EUT is operated from its internal battery. The variable load is adjusted so that it draws
240 VA. Further adjustment is made, if necessary, to maintain 240 VA for a period of

60 s.

If U is more than 2 V, the output power is at a HAZARDOUS ENERGY LEVEL unless an
overcurrent protective device opens during the above test, or for any other reason the
power cannot be maintained at 240 VA for a period of 60 s.
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If the o

utput power is at a HAzARDOUS ENERGY LEVEL, a further test is conducted with the

variable load disconnected and the EUT operated from the pc MAINS SUPPLY.

The supply is disconnected and the energy level at the input terminals, 2 s after
disconnection, shall not be a HAZARDOUS ENERGY LEVEL.

NOTE It is assumed

that it will be possible to bridge the parts accidentally external to the equipment. There is no test to determine the

likelihood of bridging the parts.

2.1.1.9 Audio amplifiers in information technology equipment

Accessible circ
with either

- 2141
- 9.1.1

Compliance is

Yy " H 1 ] n £ L L 1 N Y L Il 1
UTLS, ITTITHTNdIS dlTU Pdalts Ul auliUu alTipinTlo ariu dosuUlialcU LITUUILS Stidll COUTTIPTY

.1 of this standard, or
of IEC 60065.

checked by inspection and, if necessary, by the tests of 9.1.1Cof IEC 60065,

during which the audio amplifiers are operated in accordance with 4.2.4 of IEG 60065.

2.1.2 Protection in service access areas

In a SeRvICE Acc

The requireme
EQUIPMENT, the ti

Bare parts at H

ESS AREA, the following requirements apply.

nts of 2.1.1.7 apply to all types of equipméent and for PERMANENTLY CONNECTED
me constant limit is 10 s. In addition, the.requirements of 2.1.1.8 apply.

hzARDOUS VOLTAGES shall be located or,guarded so that unintentional contact with

such parts is unlikely during service operations involving other parts of the equipment.

Bare parts at HhzarDOUs voLTAGE shall be located or guarded so that accidental shorting to seLv

CIRCUITS Or to T
unlikely.

No requiremen
parts that pres

v circuits (for example,~by-TooLs or test probes used by a SERvICE PERSON) iS

is specified regarding access to eLv circuits or to Tnv circuits. However, bare
BNt a HAzZARDOUS_ENERGY LEVEL Shall be located or guarded so that unintentional

bridging by comductive materials that might be present is unlikely during service operations

involving other

parts of the-equipment.

Any guards re$uired for compliance with 2.1.2 shall be easily removable and replaceable if

removal is nec

ssary for servicing.

Compliance is checked by inspection and measurement. In deciding whether or not
unintentional contact is likely, account is taken of the way a service PERSON heeds to gain access
past, or near to, the bare parts in order to service other parts. For determination of a HAzarRDOUS
ENERGY LEVEL see 2.1.1.5 ¢).
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2.1.3 Protection in restricted access locations

For equipment

to be installed in a RESTRICTED ACCESS LOCATION, the requirements for oPERATOR

ACCESS AREAs apply, except as permitted in the following four paragraphs.

In general, the

requirements of 2.1.1.7 and 2.1.1.8 apply except that they do not apply to

PERMANENTLY CONNECTED EQUIPMENT. However, appropriate markings and instructions shall be
provided for protection against energy hazards if a HAzARDOUS ENERGY LEVEL exists.

If a seconDARY cIRcuUIT at HAzARDOUs VOLTAGE iS used to supply a ringing signal generator that
complies with 2.3.1 b), contact with bare parts of the circuit is permitted with the test finger,

Figure 2A (see

contact is unlik¢

44 Ll
LB

O 4 1 b 1 T 1 P | ] Idload Hy e 1
. LT). TTOWTVET, SULIT PJdadllos olidllh DT oU TULAlTU UT yuadliuTu thiat urirmeTiiorial

Y.

Bare parts that present a HazaRDoUS ENERGY LEVEL Shall be located or guarded so that unintentional
bridging by conductive materials that might be present is unlikely.

No requirement
TNV-3 CIRCUITS.

Compliance i3
unintentional c(
bare parts. For|

is specified regarding contact with bare parts of Tnv-1 circuiTs, TNG=2 €IRcuITs and

checked by inspection and measurement. In deciding whether or not
ntact is likely, account is taken of the need to gain agcess past, or near to, the
determination of a HAzARDOUS ENERGY LEVEL See 2.1.1/5\6).

2.2 SELV circtits

2.2.1 General fequirements

seLv circuits shall exhibit voltages that are safe to touch both under normal operating conditions

and after a sing
the voltage limi

Compliance wif

e fault (see 1.4.14). If no external {oad is applied to the seLv circuiT (open circuit),
s of 2.2.2 and 2.2.3 shall not bé_exceeded.

h 2.2.1 to 2.2.4 is checked by inspection and relevant tests.

2.2.2 Voltaged under normal conditions

In a single seLv

CIRCUIT OF in interconnected seLv circuiTs, the voltage between any two conductors

of the seLv circyiT or circurts,\and between any one such conductor and earth (see 1.4.9), shall

not exceed 42,

NOTE 1 A circuit th

LV peak,Sor-60 V d.c., under normal operating conditions.

t meets the above requirements, but that is subject to overvoltages from a TELECOMMUNICATION NETWORK OF @ CABLE

TNY-1 CIRCUIT.

DISTRIBUTION SYSTEM, IS

NOTE 2 For normal

conditions, the seLv circurt voltage limit is the same for an ELv circuiT; an seLv circuir may be regarded as an ELv

circuT with additional protection under fault conditions.
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2.2.3 Voltages under fault conditions

Except as permitted in 2.3.2.1 b), in the event of a single fault (see 1.4.14), the voltages between
any two conductors of the seLv circuiT or circuits and between any one such conductor and earth
(see 1.4.9) shall not exceed 42,4 V peak, or 60 V d.c. (V; in Figure 2E.1 and Figure 2E.2) for
longer than 200 ms. Moreover, the voltage shall not exceed 71 V peak or 120 Vjgq, (V2 in
Figure 2E.1 and Figure 2E.2).

NOTE In Canada and the United States, the exception mentioned in 2.3.2.1 b) is not permitted.

120 Vo

VE

oV

su1636

Figure 2E.1 —|Voltages in SELV ¢ircuits under single fault conditions for a single pulse
above V,
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71 Vpeak

) AL

oV

su1637

Figure 2E.2 - Voltages in SELV circuits under single fault conditions for multiple pulses

For voltages halving a repetitive nature after a fault (for example, from power supplies in “hiccup”
mode), additiorfal pulses exceeding V4(but not exceeding V,) are permitted under the following

conditions:

— if ty £ 20 ms, t, shall be greater than-1 s;
— if t4 3 20 ms, t, shall be gredterthan 3 s; and
— t; shpll not exceed 2005ms.

A limit of 120 V¢4« applies ifithe’ pulse goes above V4 only once during time t4, for example see

Figure 2E.1.

A limit of 71 V4. applies if the pulse goes above V4 more than once during time t;, for example

see Figure 2E.2.

above V,

Except as permitted in 2.2.4, an seLv circuit shall be separated from a part at a HAzaARDOUS VOLTAGE
by one or more of the constructions specified in 2.9.4.

It is permitted for some parts of a circuit (for example, a transformer-rectifier circuit) to comply
with all of the requirements for seLv circuits and to be oreraTor-accessible, while other parts of
the same circuit do not comply with all of the requirements for seLv circuits and are therefore not
permitted to be opeErAaTOR-accessible.
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2.2.4 Connection of SELV circuits to other circuits

An seLv circulT is permitted to be connected to other circuits provided that, when the seLv circuit

is so connected

, all of the following conditions are met:

— except as permitted by 1.5.7 and 2.4.3, the seLv circuiT is separated by Basic

INSULATIOI

N from any primARY circulT (including the neutral) within the equipment; and

— the seLv circuir meets the limits of 2.2.2 under normal operating conditions; and

— except as specified in 2.3.2.1 b), the seLv circuir meets the limits of 2.2.3 in the

event
which t

If an seLv circu
complies with t

If an seLv circun
a HAZARDOUS VOL

— Dousl

— ane
BASIC IN

the seLv circuIT
same method.

NOTE For requirem

If an seLv circul]
SECONDARY CIRCUI
the seLv circuIT
1.4.14). In such
separation bety
be a single fau
in the transforn

H Lok (i A A 4 AN o Ll HY ) &
a SIYIT 1ault (oCT 1.5. 15 ) T UTT SELV CUIRUUIT UT TIT NS SECUNDARY  CIRUUTT 1TU

Ne SELV CIRCUIT iS connected.

T is connected to one or more other circuits, the seLv circuiT is that part which
e requirements of 2.2.2 and 2.2.3.

obtains its supply conductively from a seconpary circuiT which is separated from

TAGE circuit by either:

E INSULATION OF REINFORCED INSULATION; Of

hrthed conductive screen that is separated from the/razarbous VOLTAGE Circuit by

ULATION,

shall be considered as being separated from the Hazarbous voLTAGE circuit by the

nts in Norway, see 1.7.2.1 Note 6, 6.1.2.1 Note 2 and 6.1.2.2 Note.

is derived from a HAZARDOUS VOLTAGE SECONDARY CIRCUIT, and the HAZARDOUS VOLTAGE

Ir is separated from the PRIMABY-CIRCUIT by DOUBLE INSULATION OF REINFORCED INSULATION,

shall remain within the imits given in 2.2.3 under single fault conditions (see
a case, the short-circuiting of the insulation in a transformer that provides the
een the HAZARDOUS VOLTAGE SECONDARY cIRculT and the seLv circuit is considered to

t, for the purpose of applying the single fault conditions, provided the insulation

er passes an électrical strength test for Basic INsuLATION in accordance with 5.2.2.
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2.3 TNV circuits

2.3.1 Limits

In a single ™V circuiT or interconnected Tnv circuiTs, the voltage between any two conductors of
the ™v circuir or circuits and between any one such conductor and earth (see 1.4.9) shall
comply with the following.

a) TNV-1 CIRCUITS

The voltages do not exceed the following:

— the voltage limits in 2.2.2 for an seLv circuit under normal operating
conditions;

— the voltage limits of Figure 2F measured across a 5 000 Q + 2 % resistor in
the event of a single fault (see 1.4.14) within the equipment.

NOTE 1 In the evenf of a single insulation or component failure, the limit after 200 ms is the limit in 2.3.1 b) for‘a_tnv-2 circurT or Tnwv-3
circurt for normal opefating conditions.

Voltage V
1500 V peak

1 5004—"]

- 1500

For400V<U<1 500V: U=
T i
1000 / To

Limits |of 2.3.1.b)
400 V peak or d.c. 28{,’3@0%‘;““”9
500 e
A S I O (O e Iy T N I N
_—— e | = 1 I 1 =1 ] — — = Il Il Il Il Il |
0 _— T T 11 -
01 5 10 14 15 200 205  Time Tms
u v
T ms
To 1ms

SM429D

Figure 2F — Maximum voltages permitted after a single fault

b) TNv-2 circuiTs and TNV-3 CIRCUITS
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Except as permitted in 1.6.1.2, the voltages exceed the limits in 2.2.2 for an seLv D2
circuiT but do not exceed the following:

— when telephone ringing signals are present, voltages such that the signal
complies with the criteria of either Clause M.2 or Clause M.3;

— when other telephone signals are present, voltages such that the signal D2
complies with the criteria of Clause M.4; D2
— when telephone ringing signals or other telephone signals are not present: D2

los s £ L Lol lodlood 1 !
- a LUMPINativurnm ur vullayco, a.L. diiu U.L., SullT iat uridct TTuTTial

operating conditions:

U U
ac + dc < 1
71 120
and for voltages exceeding 42.4 V peak or 60 V d.c{the current flowing D2
through any resistance 2 000 ohms or greater connected across the voltage D2
source with other loads disconnected does notsexeeed 7.1 mA peak or 30 mA D2
d.c. D2

where
U,c is the peak value of the4a.c. voltage (V) at any frequency;
Uyc is the value of the'sc voLtace (V).
NOTE 2 When Uy, is zeto, U, can be up to 71 V peak.
NOTE 3 WheiV,. is zero, Uy, can be up to 120 V.
and

*‘the voltage limits of Figure 2F measured across a 5 000 Q £ 2 %
resistor in the event of a single fault (see 1.4.14) within the

equipment, except the limits after 200 ms specified in Figure 2F are D2
imi 314 D2

Compliance is checked by inspection and measurement.

NOTE 4 Telegraph and teletypewriter signals may be present on existing TELECOMMUNICATION NETWORKS. However, these
signals are considered to be obsolescent and their characteristics are not considered in this standard.
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2.3.2 Separation of TNV circuits from other circuits and from accessible parts

NOTE In Finland, Norway and Sweden, there are additional requirements for the insulation. See 6.1.2.1 Note 2 and 6.1.2.2 Note.

2.3.2.1 General requirements

NOTE 1 See also 6.

1.2,6.2and 7.3.

SELV-CIRCUITS, TNV-1 CIRcuUITS and accessible conductive parts shall be separated from tnv-2 circuiTs
and Tnv-3 circuits in such a way that in the event of a single fault (see 1.4.14) both of the

following condit

ions are met:

a) the
b) the
limits s

i

NOTE 2 In Canada
to accessible conduct

NOTE 3 Under norn
NOTE 4 The limits d
At the choice of
circulT. In this g
for a TNv-3 cIrcU
One of the met
Compliance is

2.3.2.2 Protec
The requiremer
Compliance is
INSULATION and i

1.4.14). Howev,
b) will not be e

voltages of Tnv-1 circuits do not exceed the limits of Figure 2F; and
Voltages of the seLv circuits and accessible conductive parts do not exceed the

pecified in 2:3-1-b)formvv-2-cireurrs-and-Tnv-s-ciRreuirs-under-normat-operating
s 2.2.3.

nd the United States, in the event of a single fault as described above, the limits of 2.2.3 apply to seLv circuits and

e parts.
al operating conditions, the limits of 2.2.2 always apply to each seLv circurr and aecessible conductive part.

f2.3.1 always apply to each T cRcurT.

the manufacturer, it is permitted to treat a Tnv=1."CIRCUIT Or @ TNV-2 CIRCUIT &S a TNV-3
ase, the Tnv-1 circulT or TNv-2 circulT shall-méet all the separation requirements
IT.

hods specified in 2.3.2.2, 2.3.2.3, 2.3.2.4 and 2.10.5.13 shall be used.

Checked as specified in 2.3.22, 2.3.2.3, 2.3.2.4 or 2.10.5.13.

ion by basic insulation

ts of 2.3.2.1 are(met if the parts are separated by BAsiC INSULATION.

checked by-inspection, measurement and electric strength testing of the sasic
necessary-by simulation of failures of components and the BAsic INSULATION (see

br, if itis.clear from a study of the circuit diagrams that the specified limits of 2.3.1
kceeded, failure of components and the sasic INsuLATION need not be simulated.

NOTE 1 The test of

2.3.5 is not required.

NOTE 2 Where Basic INsuLATION is provided and 6.2.1 also applies to this insulation, the test voltage prescribed in 6.2.2 is in most cases

higher than that for Basic INsULATION.

D2
D2
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2.3.2.3 Protection by earthing

The requirements of 2.3.2.1 are considered to be met if the seLv circuiT, TNv-1 ciRcuIT or
accessible conductive part is connected to the main protective earthing terminal in accordance
with 2.6.1 c) or d); and one of the following, a), b), c) or d) applies.

a) For pLuGGABLE EQUIPMENT, a separate protective earthing terminal is provided in
addition to the main protective earthing terminal, if any (see 2.6.4.1). The installation
instructions shall specify that this separate protective earthing terminal be permanently
connected to earth.

b) For -
to caBLg pDIsTRIBUTION sysTEMs that are all pluggable, a marking on the equipment and a
statement in the installation instructions shall be provided. These shall specify that-the
USER is o disconnect all TELECOMMUNICATION NETWORK connectors and CABLE DISTRIBUTION
sysTem gonnectors before disconnecting the Power suppLY CoRD.

c) For pLucaABLE EQUIPMENT TYPE A, the requirements of b) above apply, andin addition
the installation instructions shall specify that it be installed by a service ‘ferson and
connecfed to a socket-outlet with a protective earthing contact.

d) For PERMANENTLY CONNECTED EQUIPMENT there is no additional requirement.
NOTE If earthing is provided that is not in accordance with a), b), c) or d), see 2.3.2.4.

Compliance is fhecked by inspection and if necessary by simulation of failures of components
and insulation |such as are likely to occur in the equipmént (see 1.4.14). The voltage limits
specified in 2.312.1 shall be met.

Additionally, the test of 2.3.5 shall be conducted if\the Tnv-2 circuiT or TNv-3 circuIT is intended to
receive signals|or power that are generated externally during normal operation (for example, in
a TELECOMMUNICATION NETWORK). Single faults are- not simulated while conducting the test of 2.3.5.

Prior to the abpve tests, insulation that-does not meet the requirements for BASIC INSULATION iS
short-circuited. |However, if simulation’of failures would be more severe if conducted without
short-circuiting fthe insulation, thé test is conducted without short-circuiting.
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2.3.2.4 Protection by other constructions

Other constructions are permitted if they ensure that the voltage limits specified in 2.3.2.1 are
met, but do not rely on Basic INsuLATION or earthing, or by separation as specified in 2.10.5.13.

Compliance is checked by simulation of failures of components and insulation such as are likely
to occur in the equipment (see 1.4.14).

If earthing is provided that is not in accordance with 2.3.2.3 a), b), ¢) or d), the tests are
conducted with the EUT not connected to earth. The voltage limits specified in 2.3.2.1 shall be

met.

Additionally, the
receive signals
a TELECOMMUNICA

Prior to the ab
short-circuited.
short-circuiting

2.3.3 Separati

b test of 2.3.5 shall be conducted if the Tnv-2 circuiT or TNv-3 ciRcUIT iS intended to
or power that are generated externally during normal operation (for examplé, in
TION NETWORK). Single faults are not simulated while conducting the test of 2.8.5.

pve tests, insulation that does not meet the requirements for Basic JNSULATION S
However, if simulation of failures would be more severe if conducted without
the insulation, the test is conducted without short-circuiting.

bn from hazardous voltages

Except as pernitted in 2.3.4, a Tnv circuiT shall be separated fromcCiteuits at HAzARDOUS VOLTAGE

by one or more
Compliance is
2.3.4 Connect
Except as perm
that it is separg
equipment.

NOTE 1 The limits

If a TNV clrculT
complies with 2

If a TNV clrcuIT
a HAZARDOUS VOL

of the constructions specified in 2.9.4.

checked by inspection and measurement.

on of TNV circuits to other circuits

itted in 1.5.7, a Tnv circuiT is permitted to be connected to other circuits, provided
ted by Basic INsuLATION from any{PriMARY circuiT (including the neutral) within the
f2.3.1 always apply to T™w ciRcyTS!

is connected to(ome or more other circuits, the T~ circuiT is that part which
.3.1.

bbtains itS«Supply conductively from a seconpaRry circuir which is separated from
FAGE Circuit by:

- DOUBlIE INSULATION OF REINFORCED INSULATION; Or

— the use of an earthed conductive screen that is separated from a HAzARDOUS VOLTAGE
circuit by BASIC INSULATION;

the Tnv circuiT shall be considered as being separated from the Hazarpous voLTAGE circuit by the
same method.

If a TNV circuiT is derived from a HAZARDOUS VOLTAGE SECONDARY CIRCUIT, and the HAZARDOUS VOLTAGE
SECONDARY CIRCUIT iS separated from the PRIMARY CIRCUIT DY DOUBLE INSULATION OF REINFORCED INSULATION,
the Tnv circuir shall remain within the limits given in 2.3.1 under single fault conditions (see
1.4.14). In such a case, the short-circuiting of the insulation in a transformer that provides the
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separation between the HAzARDOUS VOLTAGE SECONDARY CIRcuIT and the Tnv circurt is considered to

be a single faul

t, for the purpose of applying the single fault conditions, provided the insulation

in the transformer passes an electrical strength test for Basic INsuLATION in accordance with 5.2.2.

Compliance is checked by inspection, and by simulation of single faults (see 1.4.14) such as are
likely to occur in the equipment. No such simulated fault shall cause the voltage across a 5 000
Q * 2 % resistor, connected between any two conductors of the Tnv circuiT or between one such

conductor and

earth, to fall outside the shaded area of Figure 2F (see 2.3.1). Observation is

continued until stable conditions have existed for at least 5 s.

NOTE 2 For requirements in Norway, see 1.7.2.1 Note 6, 6.1.2.1 Note 2 and 6.1.2.2 Note.

2.3.5 Test for
This test is only
A test generat
operating volta
specification, a
an internal imp

NOTE The above te

pperating voltages generated externally

conducted if specified in 2.3.2.3 or 2.3.2.4.

pr specified by the manufacturer is used, representing the maximumn normal
je expected to be received from the external source. In the absence of such a

test generator is used that provides 120 V + 2 V a.c. at 50 Hz or 60 Hz and has
bdance of 1 200 Q + 2 %.

t generator is not intended to represent the actual voltages on the TELECOMMUNICATION'NETWORK but to stress the circuit

of the EuT in a repeatgble manner.

The test geng|
equipment. On
equipment (seq
that no further

During the tes
comply with 2.2

The test is repf
of the equipme

rator is connected between the TELECOMMUNIGATION NETWORK terminals of the
e pole of the test generator is also connected to the earthing terminal of the

Figure 2G). The test voltage is applied-fef-a maximum of 30 min. If it is clear
Heterioration will take place, the test is_terminated earlier.

the seLv circuit, TNV-1 circUIT or-accessible conductive part shall continue to
2.

pated after reversing the-connections to the TELECOMMUNICATION NETWORK terminals
Nt
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NETWORK terminals

EUT

N
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generator

=il
L
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Figure 2G — Test generator

2.4 Limited cyrrent circuits
2.4.1 General fequirements
LIMITED CURRENT ¢IrcuiTs shall be so designed that the limits specified in 2.4.2 are not exceeded
under normal operating conditions and intheevent of a single failure within the equipment (see

1.4.14 and 1.5.f).

Except as permlitted in 2.4.3, segregation of accessible parts of LmTep current circuits from other
circuits shall bg as described in 2.2 for seLv circuiTs.

Compliance with 2.4.1 to-2:4.3 is checked by inspection, measurement and, when necessary,
by test.

NOTE1 An accessiEIIe cenductive part or circuit separated from another part by bouBLE INSULATION OF REINFORCED INSULATION that is bridged

by a resistor or grouplef+esistors-is-teated-as-a-timTER-CURRENT-EREUIFSee—=5-7)

NOTE 2 A LMITED CURRENT CIRCUIT may be derived from either a PRIMARY CIRCUIT OF SECONDARY CIRCUIT.
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2.4.2 Limit val

ues

For frequencies not exceeding 1 kHz, the steady-state current drawn through a non-inductive
resistor of 2 000 Q + 10 % connected between any two parts of a LIMITED CURRENT CIRCUIT, Of
between any such part and earth (see 1.4.9), shall not exceed 0,7 mA peak, or 2 mA d.c.

For frequencies above 1 kHz, the limit of 0,7 mA is multiplied by the value of the frequency in
kilohertz but shall not exceed 70 mA peak.

Alternatively, it

is permitted to use the measuring instruments of Annex D instead of the

non-inductive resistor of 2 000 Q + 10 % mentioned above.

When using th
current is calcu
not exceed 0,7

NOTE 1
should be connected

If one side
When using thg
exceed 0,7 mA
For parts not e

For parts whos
d.c., the circuit

NOTE 2 The limit of

a)

-

measuring instrument of Figure D.1, the voltage, U,, is measured and the
lated by dividing the measured voltage, U,, by 500. The calculated value shall
mA peak.

f the LimiITED CURRENT circuIT has a conductive connection to earth, point B of the measuring instrumentjof Figure D.1
o that side.

measuring instrument of Figure D.2, the measured value of the’current shall not
peak.

ceeding 450 V peak or d.c., the circuit capacitancesshall not exceed 0,1 pF.

b voltage, U, exceeds 0,45 kV peak or d.c., but:does not exceed 15 kV peak or
capacitance shall not exceed 45/U nF, where\lJ is expressed in kilovolts.

45/U corresponds to an available stored charge of 45 puC.

For parts whosg voltage, U, exceeds 15 kV peak end.c., the circuit capacitance shall not exceed

700/U 2 nF, wh
NOTE 3 The limit of
2.4.3 Connect

LIMITED CURRENT (
that the followin

— the |
conditid

bre U is expressed in kilovolts:
700/U 2 corresponds to an available‘engrgy of 350 mJ.
on of limited current circuits to other circuits

IrRcuITs are permitted to be supplied from or connected to other circuits, provided
g conditions_are met:

MITED GURRENT CIRCUIT meets the limits of 2.4.2 under normal operating
ns;

— the umITED CURRENT ciRrcuIT continues to meet the limits of 2.4.2 in the event of a
single failure of any component or insulation in the LmITED cURRENT circulT, or of any
component or insulation in the other circuit to which it is connected.

If a LIMITED CURRENT CIRcUIT iS connected to one or more other circuits, the LIMITED CURRENT CIRCUIT iS

that part which

complies with the requirements of 2.4.1.

MARCH 27, 2007
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2.5 Limited power sources P.2
NAE

A limited power source shall comply with one of the following, a), b, c) or d):

a) the output is inherently limited in compliance with Table 2B; or

b) a linear or non-linear impedance limits the output in compliance with Table 2B. If a
positive temperature coefficient device is used, it shall:

— pass the tests specified in IEC 60730-1, Clauses 15, 17, J.15 and J.17; or

c) are
complig
inthe r
fault bg
suitable

d) an g
with Ta

Where an ove
non-autoreset,

A limited powe
source that is 1
isolating transfq

Compliance is (
of the manufag
measurements

The non-capad
measured valu

Simulated fault
the above max

- IIIUUt ti 1< IUL{U;IUIIIUI Itb ;II iEC GG Ul a UIUV;LJU fUI Ty}JU ZAL abtiUlI,

pulating network, or an integrated circuit (IC) current limiter, limits the outputiin
nce with Table 2B, both with and without a simulated single fault (see 1.4.14)

pgulating network or the IC current limiter (open circuit or short circuit)~A single

tween the input and output is not conducted if the IC current limiter ineets a
test program as given in Annex CC;

vercurrent protective device is used and the output is limited\incompliance
ble 2C.

rcurrent protective device is used, it shall be asfuse or a non-adjustable,
blectromechanical device.

- source operated from an Ac maINs suppLy, Oohd battery-operated limited power
echarged from an ac mains suppLy while supplying the load, shall incorporate an
rmer.

thecked by inspection and measurement and, where appropriate, by examination
turer’'s data for batteries. Battefies shall be fully charged when conducting the
for U,, and Is, according to Tables 2B and 2C.

tive load referred to jm~Tables 2B and 2C is adjusted to give the maximum
p of I, or S.

5 in a regulating network, required according to item c) above, are applied under
mum measured values of Ig, or S.
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Table 2B - Limits for power sources without an overcurrent protective device

Output voltage 2

Output current b d

Apparent power ¢ d

(Uoo) (lsc) €]

V a.c. Vd.c. A VA
<30 <30 <8,0 <100
- 30 < Uy <60 <150/ Uqe <100

a8 Uy Output voltage measured in accordance with 1.4.5 with all load circuits disconnected. Voltages are for
substantially sinusoidal a.c. and ripple free d.c. For non-sinusoidal a.c. and d.c. with ripple greater than 10 % of the
peak, the peak voltage shall not exceed 42,4 V.

Ise: Maximum output current with any non-capacitive load, including a short-circuit.

¢ S(VA): Maxim
d  Measurement
60 s for a positive]

PG W Y bl i ! ’
T oOtput vy witiT arty norr-capactiveToac

f Isc and S are made 5 s after application of the load if protection is by an electronic circuit and
temperature coefficient device or in other cases.
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Table 2C - Limits for power sources with an overcurrent protective device

Output voltage 2

Output current b d

Apparent power © 9

Current rating of

overcurrent
protective device ©

(Uog) (lso) €]
V a.c. V d.c. A VA A
<20 <20 <5,0
20 < Uy £ 30 20 < Uy £ 30 <1 000/Uy < 250 < 100/ Upe
- 30 < Uy £ 60 < 100/Uye

@) U,: Output vol

ltage measured in accordance with 1.4.5 with all load circuits disconnected. Voltages are for

substantially sinu
the peak, the pea
0 Je: Maximum
application of the
© S (VA): Maxir
4 Current limitin
bypassed.

NOTE The reas
amount of energy
protective devices|
e  The current r
circuit within 120

idal a.c—and rippln free d.c-Fornon-sinusoidal a.c—and for d.cwith rippla grnnfnr than 10 % of
voltage shall not exceed 42,4 V.

butput current with any non-capacitive load, including a short-circuit, measured 60 s after
oad.

hum output VA with any non-capacitive load measured 60 s after application of the load.
) impedances remain in the circuit during measurement, but overcurrent protective deyices are

n for making measurements with overcurrent protective devices bypassed is to detérmine the
that is available to cause possible overheating during the operating time of the overcurrent

htings of overcurrent protective devices are based on fuses and circuit-breakers that break the

with a current equal to 210 % of the current rating specified in the table.

2.6 Provisiong for earthing and bonding

NOTE For additional
2.3.24,233, 234,16

2.6.1 Protectiy

The following
terminal of the

a) Acc
a singlq

b) Part
C) SELV

2.3.2.3
DISTRIBU

requirements with regard to earthing of equipment to be connetted to TELECOMMUNICATION NETWORKS, see 2.3.2.3,

.1.1 and 6.1.2; and for cABLE DISTRIBUTION SYSTEMS, see 7.2 and (7.4.1.
e earthing

arts of equipment shall be reliably connected to the main protective earthing
bquipment.

bssible conductive partsithat might assume a Hazarpous voLTAGe in the event of
fault (see 1.4.14).

S to be earthed as“required by 2.9.4 d) or e).
cIrcuITs, TRV circuits and accessible conductive parts required to be earthed by

or 2.3.2.4,"if the power source is not a TELECOMMUNICATION NETWORK Of @ CABLE
FION SYSTEM.

NAE

NAE

d) seLv
2.3.2.3,
SYSTEM.

e) Circ
could n
are req

CIRCUITS, TNV CIReuITs and-accessibteconductive partsrequired-tobeearthed by
if the power source iS a TELECOMMUNICATION NETWORK Of @ CABLE DISTRIBUTION

uits, transformer screens and components (such as surge suppressors) that
ot assume a Hazarpous VOLTAGE in the event of a single fault (see 1.4.14) but
uired to be earthed in order to reduce transients that might affect insulation (for

example, see 6.2.1 and 7.4.1).
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f) seLv circuits and Tnv circuiTs that are required to be earthed in order to reduce or
eliminate ToucH CURRENT 1O @ TELECOMMUNICATION NETWORK OF @ CABLE DISTRIBUTION SYSTEM(See

5.1.8.1).

NOTE Parts a), b)

other currents.

and c) are likely to carry fault currents intended to operate overcurrent protective devices. Parts d), e) and f) carry

In serviCE ACCESS AREAS, Where conductive parts, such as motor frames, electronic chassis, etc.,
might assume a Hazarbous VoOLTAGE in the event of a single fault (see 1.4.14), either these
conductive parts shall be connected to the main protective earthing terminal or, if this is
impossible or impracticable, a suitable marking shall indicate to a service person that such parts

are not earthe

Compliance is

() Lol L 1 ! (e oo 1 H & L !
altu ohuuiu U CITTURTU TUT FAZARDUUS VULTAGE UTITUTT DCITTY tTUULTITU.

Checked by inspection and, where appropriate, by the test specified in 2.6.3.

2.6.2 Functiorjal earthing

If FUNCTIONAL EAl

FUNCTIONAL EART!

— the

}:]THING of accessible conductive parts is necessary, all of the following-apply to the
ING Circuit:

FUNCTIONAL EARTHING circuit shall be separated from parts at #AZARDoOUS VOLTAGES in

the eqyipment by either:

— itis

® DOUBLE INSULATION OI' REINFORCED INSULATION, Or

e a protectively earthed screen or another pretectively earthed conductive
part, separated from parts at HAzarDouUSs voLFAGES by at least BASIC INSULATION;
and

permitted to connect the FUNCTIONAL-EARTHING Circuit to a protective earth terminal

or t0 a PROTECTIVE BONDING CONDUCTOR; and

— wiring terminals to be used only for the connection of FuncTionaL EARTHING shall be
marked bythe symbol J, (IEC 60417-5020:2002-10). These terminals shall not be

marked with the symbol == (60417-1IEC-5017), or with the symbol ® (60417-IEC-5019).

However, these symbols may be used for a wiring terminal provided on a component
for example. a terminal block) or subassembly: and

— fori

nternal FUNCTIONAL EARTHING conductors, the colour combination green-and-yellow

shall not be used except in multipurpose preassembled components (for example,
multi-conductor cables or EMC filters).

For equipment having a power supply cord where a conductor with green-and-yellow insulation
is used only to provide a FUNCTIONAL EARTHING connection:

DI
DI
DI
DI

DI
DI

DI
DI
DI
DI
DI
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— the equipment shall not be marked with the symbol @, IEC 60417-5172 (2003-02);

and

— the equipment shall be marked with the symbol & , IEC 60417-6092 (2011-10).

These symbols

There are no rg
EARTHING condud

Compliance is

2.6.3 Protectiy

2.6.3.1 General

PROTECTIVE EAR
current-carrying

The requireme
PROTECTIVE BONDI

For proTECTIVE
2.6.1 d), the re

For PROTECTIVE

2.6.1 e) and 2.
be adequate fo
that is the cond

1 1 el (e
oAl T1IOU DT USTU TUT ULASS T EQUIFVMIENT.

quirements other than those in 3.1.9 regarding the termination of this FuNCTIONAL
tor at the equipment end.

checked by inspection.

e earthing conductors and protective bonding conductors

[HING CONDUCTORS and PROTECTIVE BONDING conDueTers shall have sufficient
capacity.

hts of 2.6.3.2, 2.6.3.3 and 2.6.3.4 apply to PROTECTIVE EARTHING CONDUCTORS and
NG conpbucTors provided to comply with 2.6-1¢a), b) and c).

EARTHING CONDUCTORS and PROTECTIVE. BONDING CONDUCTORS provided to comply with
luirements and test of 2.6.3.4 e) apply.

EARTHING CONDUCTORS and PROTEETIVE BONDING CONDUCTORS provided to comply with
5.1 f), and for FuNcTIONAL EARTHING conductors, the current-carrying capacity shall
[ the actual current under-normal operating conditions, in accordance with 3.1.1,
uctors are not requifed to carry fault currents to earth.

DI

DI

DI

DI
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2.6.3.2 Size of protective earthing conductors

PROTECTIVE EARTHING CONDUCTORS in power supply cords supplied with the equipment shall comply
with the minimum conductor sizes in Table 3B (see 3.2.5).

Compliance is checked by inspection and measurement.

2.6.3.3 Size of protective bonding conductors

PROTECTIVE BONDING CONDUCTORS Shall comply with one of the following:

O\

— the m

H 1 n H HO. P | QR [ Q
mrmurnT COTTUULLIUT SIZTS 1T TdUIT b (oTT v.c.J), Ul

— the rpquirements of 2.6.3.4 and also, if the PrRoTECTIVE CURRENT RATING Of the circuitis
more than 46 20 A, with the minimum conductor sizes in Table 2D; or

— for cpmponents only, be not smaller than the conductors supplying powefto the
compoment.

The proTECTIVE GURRENT RATING Of the circuit (used in Table 2D and in the test ©f2.6.3.4) depends
on the provision and location of overcurrent protective devices. It shall beé:taken as the smallest

of a) or b) or c),

as applicable.

a) For pPLUGGABLE EQUIPMENT TYPE A, the PROTECTIVE CURRENT RATING is the rating of an
overcuirent protective device provided external to the equipment (for example, in the
building wiring, in the mains plug or in an equipmentrack) to protect the equipment,

with a n

inimum of 16 A.

NOTE 1 In most coyntries, 16 A is considered to be suitable as the proTEETIVE cURRENT RATING Of the circuit.

NOTE 2 In Canada fnd United States, the proTecTIVE CURRENT RATING/Of the circuit is taken as 20 A.

NOTE 3 In the Unitgd

Kingdom, the current rating of the Girctit shall be taken as 13 A, not 16 A.

b) For pLuGGABLE EQUIPMENT_TYPE B and PERMANENTLY CONNECTED EQUIPMENT(See 2.7.1), the
PROTECT|VE CURRENT RATING1S) the maximum rating of the overcurrent protective device
specifigd in the equipment installation instructions to be provided external to the

equipmee

nt (see 1.2.2:3).

¢) For pny of\the above equipment, the PROTECTIVE CURRENT RATING is the rating of an
overcu(;tent protective device, if provided in or as part of the equipment, that protects

the cir

it or part required to be earthed.

Compliance is checked by inspection and measurement.

D1

NAE
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Table 2D — Minimum size of protective bonding conductors

PROTECTIVE CURRENT
RATING of the circuit under
consideration

Minimum conductor sizes

Up to and including Cross-sectional area AWG or kemil
A
mm2 (cross-sectional area in mm?)
20 Size not specified Size not specified
25 1,5 14 (2)
32 2,5 12 (3)
40 40 10 (5)
63 6,0 8 (8)
80 10 6 (13)
100 16 4 (21)
125 25 2 (33)
160 35 1 (42)
190 50 0 (53)
230 70 000 (85)
260 95 0000 (107)
300 120 250 kemil (126)
340 150 300 kemil (152)
400 185 400 kemi}~{202)
460 240 500 kefmil™(253)

NOTE AWG and kemil sizes are provided for information only. The associated cross-sectional areas have been
rounded to show gignificant figures only. AWG refers to the American Wiré;Gage and the term “cmil” refers to
circular mils wherg¢ 1 circular mil is the area of a circle having a diameter>of 1 mil (one thousandth of an inch).
These terms are Jommonly used to designate wire sizes in North Ameérica.
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2.6.3.4 Resistance of earthing conductors and their terminations

Earthing conductors and their terminations shall not have excessive resistance.

PROTECTIVE EARTHING CONDUCTORS are considered to comply without test.

PROTECTIVE BONDING CONDUCTORS that meet the minimum conductor sizes in Table 3B (see 3.2.5)
throughout their length and whose terminals all meet the minimum sizes in Table 3E (see 3.3.5)

are considered to comply without test.

PROTECTIVE BONDING CONDUCTORS and their terminals of non-standard constructions, such as printed D1

Wiring Qrotectiv traces—shaltatsobe—evaitated—imaccordance—with—the—timited—Short=Circuit D1
Test in CSA C42.2 No. 0.4, Bonding of Electrical Equipment. PROTECTIVE BONDING conbucTors that D1
can be determined to meet the equivalent of the minimum conductor sizes in Table 2D and @re D1
provided with términals not more than one size smaller than the sizes in Table 3E (see 3.8'5) D1
shall be considéred to comply without test. D1
NOTE _ Short-circuit Jalues for d.c. equipment and systems are under consideration. DE

Compliance is
do not meet th
whose terminal,

The voltage drd
for the time per
shall not excee
and the point i

Checked by inspection, measurement and, for PROTECTIVE BONDING CONDUCTORS that
e minimum conductor sizes in Table 3B (see 3.2.5) throughout their length or
5 do not all meet the minimum sizes in Table 3E (see 3:3.5), by the following test.

p in & PROTECTIVE BONDING CONDUCTOR iS measured after'conducting the test current
od specified below. The test current can be eithétra.c. or d.c. and the test voltage
[l 12 V. The measurement is made between the 'main protective earthing terminal
h the equipment that is required by 2.6.1~t6’ be earthed. The resistance of the

PROTECTIVE EARTHING CONDUCTOR IS not included in the measurement. However, if the proTECTIVE

EARTHING CONDUC
test circuit but
earthing termin

On equipment
by means of or
or unit, the res
measurement.

protective devid

ror is supplied with the equipment,.itis*permitted to include the conductor in the
the measurement of the voltage~drop is made only from the main protective
bl to the part required to be earthed.

Wwhere the protective earth.connection to a subassembly or to a separate unit is
e core of a multicore cable that also supplies mains power to that subassembly
istance of the PROTECTIVE BONDING CONDUCTOR in that cable is not included in the
However, this option:is only permitted if the cable is protected by a suitably rated
e which takes \into account the size of the conductor.

If the protectio

of an séur~CircuiT or a Tnv circuiT is achieved by earthing the protected circuit

itself in accordance with/2.9.4 e), the resistance and the voltage drop limits apply between the
earthed side of|the protected circuit and the main protective earthing terminal.

If the circuit is protected by earthing the winding of a transformer supplying the protected circuit,
the resistance and the voltage drop limits apply between the unearthed side of the winding and
the main protective earthing terminal. The Basic iINsuLATION between the primary and secondary
windings is not subjected to the single fault testing required by 5.3.7 and 1.4.14.

Care is taken that the contact resistance between the tip of the measuring probe and the
conductive part under test does not influence the test results.

The test current, duration of the test and test results are as follows:
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a) For

equipment powered from a mains suppLy, if the PROTECTIVE CURRENT RATING Of the

circuit under test (see 2.6.3.3) is 16 A or less, the test current is 200 % of the
PROTECTIVE CURRENT RATING applied for 120 s.

The resistance of the PROTECTIVE BONDING CONDUCTOR, calculated from the voltage drop,
shall not exceed 0,1 Q. After the test, the proTECTIVE BoNDING conpucToR Shall not be
damaged.

b) For

equipment powered from an Ac MAINS SuPPLY, If the PROTECTIVE CURRENT RATING Of

the circuit under test exceeds 16 A, the test current is 200 % of the PROTECTIVE CURRENT
RATING and the duration of the test is as shown in Table 2E.

Table 2E - Test duration, a.c. mains supplies

PROTECTIVE CURRENT RATING of the circuit (l,,c) Duration of the test
A min
<30 2
30 < |, < 60 4
60 < |, < 100 6
100 < I, < 200 8
> 200 10

The voltage dr
PROTECTIVE BOND

c) As 4
of the ¢
CONDUCT
instruct
% of th
time-cu
the tim

The vo
test the

d) For
the cirg
the ma

The vo

bp in the proTECTIVE BONDING conpucTor shall not exceed 2,5 V. After the test the
G conpucTor shall not be damaged.

n alternative to b) above, the tests are basedon the time-current characteristic
vercurrent protective device that limits the™ault current in the PROTECTIVE BONDING
oRr. This device is either one provided in the EUT or specified in the installation
jons to be provided external to the-equipment. The tests are conducted at 200
£ PROTECTIVE CURRENT RATING, for the~duration corresponding to 200 % on the
rrent characteristic. If the duration for 200 % is not given, the nearest point on
p-current characteristic is used-:

tage drop in the proTECTIVE BONDING conpucToR shall not exceed 2,5 V. After the
PROTECTIVE BONDING<CONDUCTOR Shall not be damaged.

equipment powered from a pc MAINS suppLy, if the PROTECTIVE CURRENT RATING Of
uit under testiexceeds 16 A, the test current and duration are as specified by
hufacturel:

tage drop in the proTECTIVE BONDING conpucTor shall not exceed 2,5 V. After the

test the

PROTECTIVE BONDING cONDUCTOR Shall not be damaged.

e) For

PROTECTIVE BONDING CONDUCTORS provided to comply with 2.6.1 d), the test current

is 150 % of the maximum current available under normal operating conditions from the
TELECOMMUNICATION NETWORK OF CABLE DISTRIBUTION SYSTEM (If known) with a minimum of 2 A,
applied for 120 s. The voltage drop in the proTECTIVE BONDING conpucTor shall not
exceed 2,5 V.
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2.6.3.5 Colour of insulation

The insulation of the PROTECTIVE EARTHING coNDUCTOR in a power supply cord supplied with the
equipment shall be green-and-yellow.

If a PROTECTIVE BONDING CONDUCTOR S insulated, the insulation shall be green-and-yellow except in
the following two cases:

— for an earthing braid, the insulation shall be either green-and-yellow or transparent;

— for a PROTECTIVE BONDING CONDUCTOR in assemblies such as ribbon cables, busbars,

pl’lnted VViIiIIH, Utb., ally uuiuw ;D }.}GllllittcuI pluviu'cu' t; |at "o III;D;IItUIpIGtat;UII Uf t:IU
use of the conductor is likely to arise.

Except as perrpitted in 2.6.2, the colour combination green-and-yellow shall be used only’to
identify PROTECT|VE EARTHING CONDUCTORS and PROTECTIVE BONDING CONDUCTORS.

Compliance is ¢hecked by inspection.
2.6.4 Terminals
2.6.4.1 Genergl

The requirements of 2.6.4.2 and 2.6.4.3 apply only to protective‘earthing terminals provided to
comply with 2.4.1 a), b) and c).

NOTE For additiona| requirements concerning terminals, see 3.3.

For protective darthing provided to comply with 2.6.1-d), e) and f), it is sufficient for the terminals
to comply with B.3.

2.6.4.2 Protective earthing and bonding terminals

Equipment required to have protective earthing shall have a main protective earthing terminal.
For equipment ith a pETACHABLE PQWER SUPPLY CORD, the earthing terminal in the appliance inlet is
regarded as thg¢ main protective(earthing terminal.

If equipment i provided with*more than one supply connection (for example, with different
voltages or frequencies.ér-as backup power), it is permitted to have a main protective earthing
terminal associpted with/each supply connection. In such a case, the terminals shall be sized
according to th¢ rating of the associated supply input.

Terminals shall be designed to resist accidental loosening of the conductor. In general, the
designs commonly used for current-carrying terminals, other than some terminals of the pillar
type, provide sufficient resilience to comply with this requirement; for other designs, special
provisions, such as the use of an adequately resilient part which is not likely to be removed
inadvertently, shall be used.

Except as noted below, all pillar, stud or screw type protective earthing and protective bonding
terminals shall comply with the minimum size requirements of Table 3E (see 3.3.5).

NAE
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Where a terminal for a pRoTECTIVE BONDING conpucTor does not comply with Table 3E (see 3.3.5),
the test of 2.6.3.4 shall be applied to the proTECTIVE BONDING conbucTOR path in which the terminal
is used.

The main protective earthing terminal for PERMANENTLY CONNECTED EQUIPMENT shall be

— located so that it is readily accessible while making the supply connections; and

— provided with factory installed pillar terminals, studs, screws, bolts or similar
terminals, together with the necessary fixing hardware, if a PROTECTIVE EARTHING

conbucTor larger than 7 mm? (3 mm diameter) is required.

Compliance is

Checked by inspection and measurement.

2.6.4.3 Separation of the protective earthing conductor from protective bonding

conductors

Separate wiring
PROTECTIVE EARTH
provided, and d

However, it is
PERMANENTLY CON
EQUIPMENT havin
of the pPRoOTECTIV
CONDUCTORS. Th¢
PROTECTIVE BONDI

terminals, which may be on the same busbar, shall be provided,~one for the
ING CONDUCTOR, Or one for each PROTECTIVE EARTHING CONDUCTOR if miore than one is
ne or more for PROTECTIVE BONDING CONDUCTORS.

permitted to provide a single wiring terminal of the 'screw or stud type in
NECTED EQUIPMENT having a NON-DETACHABLE POWER SYPRLY CORD, and in PLUGGABLE
) a special NON-DETACHABLE POWER SUPPLY coRD, provided that the wiring termination
E EARTHING CONDUCTOR IS separated by a nut from that of the proTECTIVE BONDING
order of stacking of the terminations of the prRoTECTIVE EARTHING conDuCTOR and the
NG CONDUCTORS iS not specified.

It is also permifted to provide a single wiring terminal;in equipment with an appliance inlet.

Compliance is

2.6.5 Integrity

checked by inspection.

of protective earthing

2.6.5.1 Intercgnnection of equipment

In a system of
for all equipme
equipment in th

Equipment tha
earthing circuits

interconnected, equipment, the protective earthing connection shall be ensured
"t requiring.a protective earthing connection, regardless of the arrangement of
e system:

contains a PROTECTIVE BONDING CONDUCTOR to maintain continuity of protective
to_other equipment in the system, shall not be marked with the symbol © (IEC

60417-5172 (D

2003-02)).

Such equipment shall also provide power to the other equipment in the system (see 2.6.5.3).

Compliance is checked by inspection.
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2.6.5.2 Components in protective earthing conductors and protective bonding

conductors

PROTECTIVE EARTHING CONDUCTORS and PROTECTIVE BONDING CONDUCTORs Shall not contain switches or

overcurrent pro

tective devices.

Compliance is checked by inspection.

2.6.5.3 Disconnection of protective earth

Protective earthing connections shall be such that disconnection of a protective earth at one

point in a unit gre—systemdoesnotbreak-theprotectiveearthing—conmectiontoothrerparts—or—

units in a syste
Compliance is
2.6.5.4 Parts t

Protective earth
in each of the f

— the @
— apld
—ana
Compliance is
2.6.5.5 Parts r
Protective earth
for servicing otk

is removed at t

Compliance is

M, unless the relevant hazard is removed at the same time.
checked by inspection.
hat can be removed by an operator

ing connections shall make earlier and break later than the supply connections
bllowing:

onnector of a part that can be removed by an opERATOR;

g on a power supply cord;

ppliance coupler.

Checked by inspection.

emoved during servicing

ing connections shall be sodesigned that they do not have to be disconnected
er than for the removal of\thie part which they protect unless the relevant hazard

he same time.

Checked by inspection.
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2.6.5.6 Corrosion resistance

Conductive parts in contact at protective earthing and protective bonding terminals and

connections shall not be subject to significant corrosion due to electrochemical action in any

working, storage or transport environment conditions as specified in the instructions supplied

with the equipment. Combinations above the line in Annex J shall be avoided. Corrosion

resistance can be achieved by a suitable plating or coating process.

Compliance is checked by inspection and by reference to the table of electrochemical potentials

(Annex J).

2.6.5.7 Screwsgforprotectivebonding NAE

NOTE The following

Self-tapping (th
permitted to pr

during servicing.

In any case, th
be not less tha
metal part to in

requirements are additional to those in 3.1.6.

read-cutting and thread-forming) and spaced thread (sheet metal) serews are
pvide protective bonding but it shall not be necessary to disturb thefconnection

p thickness of the metal part at the point where a screw is threaded into it shall
h twice the pitch of the screw thread. It is permitted to use 1ocal extrusion of a
Crease the effective thickness.

At least two scfews shall be used for each connection. Howeverg.it iS permitted to use a single

self-tapping scH
threaded into it
a screw of the
Compliance is
2.6.5.8 Relian

Protective earth

Compliance is

ew provided that the thickness of the metal partat the point where the screw is
is @ minimum of 0,9 mm for a screw of the thread-forming type and 1,6 mm for
hread-cutting type.

checked by inspection.

te on telecommunication network or cable distribution system

ing shall not rely on a TELEGOMMUNICATION NETWORK OF & CABLE DISTRIBUTION SYSTEM.

checked by inspection,
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2.7 Overcurrent and earth fault protection in primary circuits

2.7.1 Basic requirements

Protection in primARY circuiTs against overcurrents, short-circuits and earth faults shall be
provided, either as an integral part of the equipment or as part of the building installation.

If PLUGGABLE EQUIPMENT TYPE B OF PERMANENTLY CONNECTED EQUIPMENT relies on protective devices
external to the equipment for protection, the equipment installation instructions shall so state and
shall also specify the requirements for short-circuit protection or overcurrent protection or, where
necessary, for both.

NOTE In the memb

must, with certain exd
Compliance is
2.7.2 Faults n

Protection agai
wiring in a PRIM

Compliance is

r countries of CENELEC and in China, the protective devices necessary to comply with the requirements of 5.3
Pptions, be included as part of the equipment.

checked by inspection.
bt simulated in 5.3.7

nst faults not covered in 5.3.7 (for example, short-circuits to protective earth from
Ry circuIT) need not be fitted as an integral part of the equipment.

Checked by inspection.

2.7.3 Short-cincuit backup protection

adequate bre

king (rupturing) capacity to interrupt\the maximum fault current (including

Unless approp;’liate short-circuit backup protection is previded, protective devices shall have

short-circuit cu

For PERMANENTLY
backup protecti

For pLUGGABLE E
backup protecti

NOTE If fuses com

rent) which can flow.

CONNECTED EQUIPMENT OF PLUGGABLEEQUIPMENT TYPE B, it iS permitted for short-circuit
pn to be in the building installation.

QUIPMENT TYPE A, the building installation is considered as providing short-circuit
pon.

lying with IEC 60127 are used in privary circurts, they should have high breaking capacity (1 500 A) if the

prospective short-circdiit current exceeds\35 A or ten times the current rating of the fuse, whichever is greater.

Compliance is

Checked. by inspection and by the tests of 5.3.

P.1

NAE
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2.7.4 Number and location of protective devices

Protective systems or devices in priMARY circuiTs shall be in such a number and located so as to
detect and to interrupt the overcurrent flowing in any possible fault current path (for example,
line-to-line, line-to-neutral, line to protective earth conductor or line to PROTECTIVE BONDING
CONDUCTOR).

No protection is required against earth faults in equipment that either:

— has no connection to earth; or

— has [poUBTEINSUTATION Ot RENFORCED INSULATION- betweenthePrmarycReomand-attparts—

connecfed to earth.
NOTE 1 Where DOUHLE INSULATION OF REINFORCED INSULATION is provided, a short-circuit to earth would be considered to be two faults.

In a supply usipng more than one line conductor to a load, if a protective device interrupts the
neutral conducfor, it shall also interrupt all other supply conductors. Single pole’ protective
devices, therefgre, shall not be used in such cases.

Compliance is|checked by inspection and, where necessary, by simulation of single fault
conditions (see| 1.4.14).

NOTE 2 For protegtive devices that are an integral part of the equipment, examples\gt the number and location of fuses or
circuit-breaker poles fecessary to provide fault current interruption in commonly encountered supply systems are given in informative
Table 2F for single-pljase equipment or subassemblies and in informative Table 2G forthree-phase equipment. The examples are not
necessarily valid for pfotective devices external to the equipment.

Table 2F — Informative examples of protective devices in single-phase equipment or
subassemblies

Minimum number of
Equipment pupply connections Protection against fuses or circuit- Location
breaker poles

Case A: Earth faults 1 Line conductor
Equipment to be qonnected to power -
distribution systenjs with earthed neutral Overcurrent 1 Either of the two
reliably identified, except for caseC below. conductors
Case B: Earth faults 2 Both conductors
Equipment to be qonnected-te‘any supply,
including IT powef distribution’ systems and | Overcurrent 1 Either of the two
supplies with revefsible plugs, except for conductors
case C below.
Case C: Earth 1aults Z Each line conauctor
Equipment to be connected to three-wire
power distribution systems with earthed Overcurrent 2 Each line conductor
neutral reliably identified.
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Table 2G — Informative examples of protective devices in three-phase equipment
Minimum
Number of . number of
I Protection .
Power distribution system supply . fuses or Location
against o
conductors circuit-breaker
poles
Three-phase without neutral 3 Earth faults 3 All three conductors
Overcurrent 2 Any two conductors
With earthed neutral (TN or TT) 4 Earth faults 3 Each line conductor
Overcurrent 3 Each line conductor
With unearthed neutral 4 Earth faults 4 All four conductors
Overcurrent 3 Each line conductor

2.7.5 Protectign by several devices

Where protecti

devices shall bg
one component.

Compliance is
2.7.6 Warning
Suitable markin
servicing instru

— a fus

connec

— after
represe

The following 0|

As an alternati

checked by inspection.

to service persons

fed or provided with a non-reversibleplug; and

nt a hazard during servicing.
I similar wording is regarded as suitable:

CAUTION

symbols, whichli

IEC-60417-5016 (DB 2002-10), and an |nd|cat|on that the fuse is in the neutral N, is permitted.

DOUBLE POLE/NEUTRAL FUSING

e devices are used in more than one pole of a supply to a given Joad, those
located together. It is permitted to combine two or more protective, devices in

g shall be provided on the equipment or a statement shall be provided in the
Ctions to alert a service PERsON to a possible hazard, where both of the following
conditions exist:

e is used in the neutral of single-phase‘equipment either permanently

operation of the fuse, parts of the equipment that remain energized might

velorthe above wordlng, use of the following combmatlon of representative

However in this case, the statement shall also be provided in the servicing instructions.

NAA
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e

Compliance is checked by inspection.

2.8 Safety interlocks

2.8.1 General

SAFETY INTERLOCK
hazards in the

Compliance is
2.8.2 Protectig

SAFETY INTERLOCK
etc., are in any|

2A (see 2.1.1.1)).

For protection
withdrawal of th

— hece

principles

s shall be provided where opERATOR access involves areas normally presenting
meaning of this standard.

checked by inspection.

)N requirements

5 shall be so designed that the hazard will be removed before the covers, doors,
position that will permit contact with hazardous parts/by the test finger, Figure
against electric shock, radiation and energyyhazards, removal, opening or

e cover, door, etc., shall either:

Ssitate previous de-energization of such parts; or

— automatically initiate disconnection of-the supply to such parts, and reduce within 2

s the v
20 J.

For a moving pj
a mechanical h
cover, door, etq

— nhece

bltage to 42,4 V peak, or 60.V d-C., or less, and the energy level to less than

art which will continue’to move through momentum and will continue to present
hzard (for exampleaispinning print drum), removal, opening or withdrawal of the
., shall either:

ssitate preyious reduction of movement to an acceptable safe level; or

— automatically initiate reduction of the movement to an acceptable safe level.

Compliance is
2.1.1.1).

TroO—O

bhacked by inshaction measiiremaent and tusa of tha tast finaer Fiaire 24 (sea
HECKOG—BYHISPOCHOR—HISASHIOMeA—aARa tHet8SHHRgeH——gtHe—=A—(S686
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2.8.3 Inadvertent reactivation

SAFETY INTERLOCKS shall be designed so that inadvertent reactivation of the hazard cannot occur
when covers, guards, doors, etc., are not in the closed position.

Any accessible sareTy INTERLOCK that can be operated by means of the test finger, Figure 2A (see
2.1.1.1), is considered to be likely to cause inadvertent reactivation of the hazard.

SAFETY INTERLOCK Switches shall be selected taking into account the mechanical shock and
vibration experienced in normal operation, so that this does not cause inadvertent switching to

an unsafe condition.

Compliance is (

2A (see 2.1.1.1)).

2.8.4 Fail-safe
A SAFETY INTERLO

— a falil
likely td
hazard

— a fail
possibl
require

For protection
systems shall b
(for example, th
INSULATION.

NOTE A SAFETY INTEH

thecked by inspection and, where necessary, by a test with the test finger, Figuse

operation
ck system shall be so designed and constructed that either:

ure of the sareTy INTERLOCK System during the normal life of thexequipment is not
occur and, even if a failure should occur, it shall not create an extreme
or

ure of the saFeTy INTERLOCK System during the normal life of the equipment is
b, the probable failure mode(s) will not create ahazard for which protection is
.

against extreme hazard, either a redundant system of two sAFeETY INTERLOCK

b used or the fixed separation distanges in a single sareTy INTERLOCK System circuit
ose associated with printed boards)* shall meet the requirements for REINFORCED

Lock system is considered to consishdf the components/elements that are directly capable of disconnecting the

hazardous part (for edample, relay contacts or a switch) in¢luding components (for example, a relay coil) and other parts forming part of

the initiation circuit (fo

example, those mounted on, printed boards).

Compliance is
available data

checked by inspection of the sareTy INTERLOCK System, circuit diagrams and
nd, if necessary, by simulation of single faults (see 1.4.14) (for example, failure

of a semi-conductor device or an electromechanical component). Moving mechanical parts in
mechanical and electrtomechanical systems are not subjected to simulated single faults if they
comply with 2.8.5and 2.8.7. Fixed separation distances in saFETY INTERLOCK System circuits (for
example, those| associated with printed boards) that protect against other than extreme hazards

P.1

are not subjected to simulated single faults if the separation distances comply with 2.8.7.1.

It is permitted to use simulated sareTy INTERLOCK SyStems for tests.
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2.8.5 Moving parts

Moving mechanical parts in mechanical and electromechanical saFeTy INTERLOCK Systems shall
have adequate endurance.

Compliance is checked by inspection of the saFeTy INTERLOCK System, available data and, if
necessary, by cycling the sarety INTERLOCK System through 10 000 operating cycles without failure
other than in a safe mode.

NOTE The above test is conducted to check the endurance of moving parts other than those in sareTy INTERLOCK switches and relays.
SAFETY INTERLOCK switches and relays, if any, are subject to 2.8.7. If the test of 2.8.7.3 is required in addition to the above test, the tests

should be combined.
2.8.6 Overriding

Where it may pe necessary for a service PERSON to override a sAFETY INTERLOCK, the-~override
system shall cdmply with all of the following:

— require an intentional effort to operate; and

— resel automatically to normal operation when servicing is complete, or prevent
normaloperation unless the service PERsoN has reset the saFery INTERLOCK; and

— requlre a TooL for operation when in an oPERATOR ACCESS/AREA and not be operable
with the test finger, Figure 2A (see 2.1.1.1); and

— not Qypass a sareTy INTERLOCK for an extreme haZard unless another reliable means
of safefy protection becomes effective when the 'saFeTy INTERLOCK is thus bypassed. The
equipmient shall be designed such that the sAFeTY INTERLOCK cannot be bypassed until
the other means of protection is fully in place and operational.

Compliance is ¢hecked by inspection.

2.8.7 Switches, relays and their related circuits P.1

A switch in a s4reTy INTERLOCK system shall:

— confgrm to IEC 61058-1, with evaluation for 10 000 operating cycles in accordance
with 7.1.4.4 of |IEC-61058-1, or

— comply with 2.8.7.1 and pass the tests of 2.8.7.3 and 2.8.7.4; or

— pass the tests of 2.8.7.2, 2.8.7.3 and 2.8.7.4.

A relay in a saAFeTY INTERLOCK System shall:
— comply with 2.8.7.1 and pass the tests of 2.8.7.3 and 2.8.7.4; or
— pass the tests of 2.8.7.2, 2.8.7.3 and 2.8.7.4.

Compliance is checked by inspection and by the relevant tests of 2.8.7.1 to 2.8.7.4.
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2.8.7.1 Separation distances for contact gaps and their related circuits

If the separatio

n distances for contact gaps and their related circuits are located in the PRIMARY

circuiT, the separation distances shall not be less than that for a disconnect device (see 3.4.2).
If the separation distance is located in a circuit other than a primary circuiT, the separation
distance shall be not less than the relevant minimum cLEARANCE value for BAsIC INSULATION in a
SECONDARY cIrcuIT specified in 2.10.3 (or Annex G).

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

2.8.7.2 Overload test

The contact of
consisting of 50
150 % of the ¢
switches a mof
After the test, 1

2.8.7.3 Endurs

The contact of
test, making an
cycles of oper
manufacturer.
circuits and Ty
SAFETY INTERLOCK]
system, includi

2.8.7.4 Electri

Except for reeg
as specified in
of 2.8.7.2 and
REINFORCED INSUL
as specified for

a switch or relay in the saFeTy INTERLOCK SysStem is subjected to an overload test
cycles of operation at the rate of 6 to 10 cycles per minute, making and breaking
urrent imposed in the application, except that where a switch or relay contact
or load, the test is conducted with the rotor of the motor in a locked eondition.
he sAFETY INTERLOCK System, including the switch or relay, shall still bérfunctional.

nce test

a switch or a relay in the saFeTy INTERLOCK SysStem is subjécted to an endurance
d breaking 100 % of the current imposed in the application at a rate of 6 to 10
ation per minute. A higher rate of cycling is permijtted if requested by the
For reed switches used in sAFETY INTERLOCK Systems located in ELv circuITs, SELV
-1 circuiTs, the test is 100 000 operating cycles.-For other switches and relays in
systems, the test is 10 000 operating cycles \After the test, the saFeTy INTERLOCK
g a switch or relay, shall still be functionat.

L strength test

switches in ELv circuiTs, SELV cifcuiTs and Tnv-1 CIRcUITS, an electric strength test
5.2.2, is applied between theleontacts of the relays and switches after the tests
P.8.7.3. If the contact is-in>a privARY circuiT, the test voltage is as specified for
wrion. If the contact is jn-a circuit other than a primary circuiT, the test voltage is
BASIC INSULATION in @ PRIMARY CIRCUIT.

DECEMBER 19, 2011
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2.8.8 Mechanical actuators

Where the actuating part in a mechanical saFeTy INTERLOCK System is relied upon for safety,

precautions shall be taken to ensure that it is not overstressed. If this requirement is not covered

by the design of the component, the over-travel beyond the operating position of the actuator

shall be limited to 50 % of the maximum, for example, by its mounting or location, or by

adjustment.

Compliance is checked by inspection and measurement.

2.9 Electrical insulation

2.9.1 PropertiJss of insulating materials P.1
P2

The choice and
thermal and me
(temperature, p

Natural rubber,
insulation.

Driving belts an
or coupling is g

Compliance is
material.

Where necess
hygroscopic na
employing the
subjected to thd
room in which

2.9.2 Humidity

Where requireg
h in a cabinet g
the air, at all

convenient valy
conditioning the

application of insulating materials shall take into account the needs for electrical,
chanical strength, frequency of the working voLTAce and the working environment
ressure, humidity and pollution).

hygroscopic materials and materials containing asbestos shall*not be used as

d couplings shall not be relied upon to ensure electricalinsulation, unless the belt
f a special design which removes the risk of inapprepriate replacement.

rhecked by inspection and, where necessary, by evaluation of the data for the

ary, if the data does not confirm that ‘the material is non-hygroscopic, the
fure of the material is determined by gtibjecting the component or subassembly
nsulation in question to the humidity treatment of 2.9.2. The insulation is then
 relevant electric strength test of.5.2.2 while still in the humidity cabinet, or in the
he samples were brought toxthe prescribed temperature.

conditioning

by 2.9.1, 2.10.8(3)2.10.10 or 2.10.11, humidity conditioning is conducted for 48

r room containing air with a relative humidity of (93 £ 3) %. The temperature of

places where\samples can be located, is maintained within £ 2 °C of any

e t between-20 °C and 30 °C such that condensation does not occur. During this
component or subassembly is not energized.

For equipment

designated for use in tropical conditions, the time duration shall be 120 h at a

temperature of

(40 £ 2) °C and a relative humidity of (93 £ 3) %.

With the concurrence of the manufacturer, it is permitted to increase the time durations.

Before the humidity conditioning the sample is brought to a temperature between t and t + 4 °C.


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

106 CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1 MARCH 27, 2007

2.9.3 Grade of insulation

Insulation shall be considered to be FUNCTIONAL INSULATION, BASIC INSULATION, SUPPLEMENTARY INSULATION,
REINFORCED INSULATION OF DOUBLE INSULATION.

The application of insulation in many common situations is described in Table 2H and illustrated
in Figure 2H, but other situations and solutions are possible. These examples are informative; in
some cases the necessary grade of insulation may be higher or lower. Where a different grade
may be necessary, or if a particular configuration of energized parts is not represented in the
examples, the necessary grade of insulation should be determined by considering the effect of
a single fault (see 1.4.14). This should leave the requirements for protection against electric
shock intact.

In certain casep, insulation may be bridged by a conductive path (for example, where 1.5.6,
1.5.7,2.2.4, 2.3.4 or 2.4.3 applies) provided that the level of safety is maintained.

For pousLE INsuLpTION it is permitted to interchange the Basic INSULATION and SUPPLEMENTARY)INSULATION
elements. Whgre pousLE INsuLATION iS used, ELv circuits or unearthed conductive parts are
permitted between the Basic INsuLATION and the suPPLEMENTARY INSuLATION provided(ihat the overall
level of insulatipn is maintained.
A BOUNDING SURFACE is treated as an unearthed seLv circuit if it is part of either:

— an upearthed conductive ENCLOSURE; or

— a nofp-conductive ENCLOSURE.

Compliance is ¢hecked by inspection.
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Table 2H — Examples of application of insulation

Grade of insulation

Location of insulation

Key to figure 2H

between and
FUNCTIONAL 2 unearthed SELV — earthed conductive part F1
CIRCUIT or double- | - double-insulated conductive part F2
'”S:'ated conductive | _ nearthed SELV CIRCUIT F2
pa — earthed SELV CIRCUIT F1
— earthed TNV-1 CIRCUIT F10f
earthed SELV — earthed SELV CIRCUIT F11
CIRCUIT — earthed conductive part F11
— unearthed TNV-1 CIRCUIT F127
— earthed TNV-1 CIRCUIT F13f
ELV CIRCUIT or — earthed conductive part F3
basic-insulated — earthed SELV CIRCUIT F3
conductive part — basic-insulated conductive part F4
— ELV CIRCUIT F4
earthed earthed HAZARDOUS VOLTAGE F5
HAZARDOUS SECONDARY CIRCUIT
VOLTAGE
SECONDARY
CIRCUIT
TNV-1 CIRCUIT TNV-1 CIRCUIT F7
TNV-2 CIRCUIT TNV-2 CIRCUIT F8
TNV-3 CIRCUIT TNV-3 CIRCUIT F9
series-parallel F6
sections of a
transformer winding
BASIC PRIMARY CIRCUIT |- earthed or uneaithed HAZARDOUS B1
VOLTAGE SECONDARY CIRCUIT
— earthed conductive part B2
— earthed-SELV CIRCUIT B2
— basic-insulated conductive part B3
—ELV CIRCUIT B3
earthed or unearthed [="unearthed HAZARDOUS VOLTAGE B4
HAZARDOUS SECONDARY CIRCUIT
VOLTAGE — earthed conductive part B5
SECONDARY, — earthed SELV CIRCUIT B5
CIRCUIT, . .
— basic-insulated conductive part B6
— ELV CIRCUIT B6
unearthed SELV — unearthed TNV-1 CIRCUIT B7f
CIRCUIT or double- |_ TNV-2 CIRCUIT Bg d
insulated conductive | TNV-3 CIRCUIT Bode
pnﬂ
earthed SELV — TNV-2 CIRCUIT B10d
CIRCUIT — TNV-3 CIRCUIT B11de
TNV-2 CIRCUIT — unearthed TNV-1 CIRCUIT B12de
— earthed TNV-1 CIRCUIT B13df
— TNV-3 CIRCUIT B14f
TNV-3 CIRCUIT — unearthed TNV-1 CIRCUIT B12
— earthed TNV-1 CIRCUIT B13 d

Table 2H — Examples of application of insulation Continued on Next Page
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Table 2H — Examples of application of insulation Continued

Grade of insulation Location of insulation .
Key to figure 2H
between and
SUPPLEMENTARY basic-insulated — double-insulated conductive part St1b
conductive part or — unearthed SELV CIRCUIT St1b
ELV CIRCUIT
TNV CIRCUIT — basic-insulated conductive part S2
— ELV CIRCUIT S2
SUPPLEMENTARY or |unearthed — double-insulated conductive part S/R1 ¢
REINFORCED HAZARDOUS
VOLTAGE — unearthed SELV CIRCUIT S/Ric
SECONDARY
CIRCUIT — TNV CIRCUIT S/R2 ¢
REINFORCED PRIMARY CIRCUIT |- double-insulated conductive part R1
— unearthed SELV CIRCUIT R1
— TNV CIRCUIT R2
earthed — double-insulated conductive part R3
HAZARDOUS - unearthed SELV CIRCUIT R3
VOLTAGE — TNV CIRCUIT R4
SECONDARY
CIRCUIT

The term “conduc]
—not normally end
—not connected tq

e alLIMITED (

Examples of such
conductive screen

If such a conducti
—DOUBLE INSUL
—BASIC INSULAT

—BASIC INSULA1

conductive part”|
A circuit or condu
a way as to meet
or conductive part

e acircuit at HAZARDOUS VOLTAGE, or
e an ELV CIRCUIT, or

e a TNV CIRCQUIT, or

e an SELV CIRCUIT, or

ive part” refers to an electrically conductive part that is
rgized, and
any of the following:

URRENT CIRCUIT.

a conductive part are the BODY of equipmeént;’a transformer core, and in some cases a
in a transformer.

e part is protected from a part at HAZARDOUS VOLTAGE by:

IATION or REINFORCED INSULATION, it is termed a “double-insulated conductive part”;

ION plus protective earthing, (it is\termed an “earthed conductive part”;

ION but is not earthed, that'is it has no second level of protection, it is termed a “basic-insulated

tive part is termed “earthed” if it is connected to a protective earthing terminal or contact in such
the requirements in 2.6 (although it will not necessarily be at earth potential). Otherwise the circuit
is termed “unearthied”.

2 For requirement
b The WORKING
insulated condu
VOLTAGE for th

b for FUNCTIONAL INSULATION, see 5.3.4.

VOLTAGE_ of the SUPPLEMENTARY INSULATION between an ELV CIRCUIT or a basic-
tive_parf and an unearthed accessible conductive part is equal to the most onerous WORKING
e, BASIC INSULATION. The most onerous WORKING VOLTAGE may be due to a PRIMARY

CIRCUIT or SEG

following:

SECONDARY C
e another SE

— there is only B

¢ Insulation between an unearthed SECONDARY CIRCUIT at HAZARDOUS VOLTAGE and an unearthed
accessible conductive part or circuit (S/R, S/R1 or S/R2 in Figure 2H) shall satisfy the more onerous of the

— REINFORCED INSULATION whose WORKING VOLTAGE is equal to the HAZARDOUS VOLTAGE; or
— SUPPLEMENTARY INSULATION whose WORKING VOLTAGE is equal to the voltage between the

¢ a PRIMARY CIRCUIT.
These examples apply if:

LQNDARY CIRCIUIT and the insulation is specified accordingly
gy

IRCUIT at HAZARDOUS VOLTAGE and
CONDARY CIRCUIT at HAZARDOUS VOLTAGE, or

ASIC INSULATION between the SECONDARY CIRCUIT and the PRIMARY CIRCUIT; and

Table 2H — Examples of application of insulation Continued on Next Page
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Table 2H — Examples of application of insulation Continued

Grade of insulation

Location of insulation

between

| and

Key to figure 2H

— there is only BASIC INSULATION between the SECONDARY CIRCUIT and earth.
d BASIC INSULATION is not always required (see 2.3.2.1 and 2.10.5.13).
€ The requirements of 2.10 apply, see also 6.2.1.

f The requirements of 2.10 do not apply, however see 6.2.1.
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Similar circuit or
conductive part

PRIMARY CIRCUIT D
R B F6
Unearthed "\ B1
HAZARDOUS VOLTAGE WI:I
SECONDARY CIRCUIT SIR B
B1
Earthed Ny
HAZARDOUS VOLTAGE 1
SECONDARY CIRCUIT B F5
B3 | B6
ELV CIRCUIT or N N
basic-insulated F4 I
conductive[part c)
R1 SIR1
Unearthed SELV[CIRCUIT Ny Y
or double-inspilated = ]
conductive|part B6
B2 | B5
Earthed SELV ¢IRCUIT ]
9 F
\Rz \SV/RZ
Unearthed TNV-1 CIRCUIT = —
c)
\Rz \SV/RZ
Earthed TNV-1 LIRCUIT ]
F7
c) d)
\Rz \SV/RZ N
TNV-2 CIRGUIT = ]
c) d)
R2 SIR2| B13
TNV-3 CIREUIT = 1

F: FUNCTIONAL INJULATION

S: SUPPLEMENTARYY INSULATION

R: REINFORCED INBULATION

su1635

B: BASIC INSULATION
S/R: see Footnote c in table 2H

NOTE The references b), c), d), e) and f) refer to the corresponding footnotes in Table 2H.

Figure 2H — Examples of application of insulation
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2.9.4 Separation from hazardous voltages

Where accessible conductive parts, including seLv circuits, Tnv circuits and their related

windings, are
permitted. The
WORKING VOLTAGE

separated from parts at Hazarpous voLTAge, the following constructions are
insulation, including each element of pousLe INsuLaTION, shall be rated for the
, or if applicable the ReQUIRED WITHSTAND VOLTAGE, between the parts. The different

methods of separation fall into three groups, methods 1, 2 and 3.

a) (Method 1) DOUBLE INSULATION OF REINFORCED INSULATION providing permanent
separation, assured by barriers, routing or fixing; or

b) (Meﬁﬁmmmmmmbmm
separafed; or

c) (Me

hod 1) pousLE INsULATION, consisting of Basic INsuLATION on one of the parts,to be

separafed and sUPPLEMENTARY INSULATION on the other part; or

d) (Me
protecti
with 2.4

e) (Me
connec
with 2.4
relative

f) any

NOTE 1 For exampl

hod 2) Basic INsuLATION On the part at a HAzAaRDous VoLTAGE, togetherwith
Ve screening connected to the main protective earthing terminalin accordance
.1 b); or

hod 3) Basic iNnsuLaTION on the part at a HAzarDoOUS voLTaGe,-together with

fion of the other part to the main protective earthingterminal in accordance
.1 b), such that the voltage limits for the accessible part are maintained by
circuit impedances or by the operation of a protective device; or

bther construction providing equivalent separation.

ps of other constructions providing equivalent separation, see Table 2H and Figure 2H.

For e), it is perfnitted to protect a circuit by earthing a part other than the protected circuit itself,

for example, th

NOTE 2 The conse
should be considered

Compliance is

b secondary winding of a transformer supplying the protected circuit.

Checked by inspection.

uences of the circuit possibly beifg”earthed at a second point, for example, by connection to other equipment,
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2.10 Clearances, creepage distances and distances through insulation
2.10.1 General

In general, compliance with 2.10.1 is checked by inspection and, when necessary, by
measurement.

2.10.1.1 Frequency

The insulation requirements given in 2.10 are for frequencies up to 30 kHz. It is permitted to use
the same requirements for insulation operating at frequencies over 30 kHz until additional data

is available.

NOTE For informatign on insulation behaviour in relation to frequency see IEC 60664-1 and IEC 60664-4.

2.10.1.2 Pollulion degrees

Pollution degregs are classified as follows:
— Polldytion Degree 1 applies where there is no pollution or only dry;non-conductive
pollutioh. The pollution has no influence. Normally, this is achieved by having
compoments and subassemblies adequately enclosed by enveloping or hermetic
sealing|so as to exclude dust and moisture (see 2.10.12).
— Pollytion Degree 2 applies where there is only non-¢onductive pollution that might
temporarily become conductive due to occasional condensation. It is generally
appropfiate for equipment covered by the scope.of‘this standard.
— Pollution Degree 3 applies where a local ghvironment within the equipment is
subject|to conductive pollution, or to dry nan-conductive pollution which could become
conductive due to expected condensation.

2.10.1.3 Redug¢ed values for functionalinsulation

There is N0 Mirlimum CLEARANCE Of _CREEPAGE DISTANCE fOr FUNCTIONAL INSULATION unless it is required
by 5.3.4 a).

NOTE If cLEARANCES @nd CREEPAGE DISTANGES for FUNCTIONAL INsuLATION are smaller than those specified in 2.10.3, 2.10.4 and Annex G, they

are subject to the reqyiirements of. 584 b) or 5.3.4 c).
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2.10.1.4 Intervening unconnected conductive parts

It is permitted for cLEARANCES and cREePAGE DISTANCES to be divided by intervening, unconnected
(floating) conductive parts, such as unused contacts of a connector, provided that the sum of the
individual distances meets the specified minimum requirements, see Table F.1 and Figure F.13.

2.10.1.5 Insulation with varying dimensions
If the insulation of a transformer has different working voLTAges along the length of the winding,

it is permitted to vary CLEARANCES, CREEPAGE DISTANCES and distances through insulation
accordingly.

NOTE An example ¢f such a construction is a 30 kV winding, consisting of multiple bobbins connected in series, and earthed at one
end.

2.10.1.6 Specipl separation requirements

The requirements of 2.10 and Annex G do not apply to separation provided to comply with 2.3.2
unless BAsiC INSJLATION is used, nor to separation provided to comply with 6.1.2 806.2.1.

NOTE See also Foofnote f of Table 2H.

2.10.1.7 Insulgtion in circuits generating starting pulses

For a circuit generating starting pulses to ignite a discharge lamp, and if the circuit is a LimiTep
CURRENT cIrcuIT fomplying with 2.4, the requirements for FUNCTIONAL INsuLATION apply between the
circuit and other conductive parts (see 5.3.4).

If the circuit is jpot a LMITED CURRENT ciRcuIT, the requirements for BASIC INSULATION, SUPPLEMENTARY
INSULATION @and REINFORCED INSULATION apply to creeraGE' DiIsTANCES and distances through insulation.
For cLEARANCES, |see 2.10.3.5.

NOTE For workiNGg VPLTAGES in the above cases, see 2 30°2\71).

2.10.2 Determjnation of working Voltage

In general, cdmpliance with, 2.10.2 is checked by inspection and, when necessary, by
measurement.
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2.10.2.1 General

In determining workiNG voLTAGES, all of the following requirements apply (see also 1.4.8).

a) Unearthed accessible conductive parts shall be assumed to be earthed.

b) If a

transformer winding or other part is floating (it is not connected to a circuit that

establishes its potential relative to earth), it shall be assumed to be earthed at the
point by which the highest workinG voLTAGE is obtained.

c) Except as permitted in 2.10.1.5, for insulation between two transformer windings,

the hig
into ac

d) Exc
anothe

cht vuitagc IL.'UtVVGUII alty tVVU pUilItD ;II t: 1< tVVU VViIIUI;IIUb D: |a” IIJU uat;u', ta'r\illg
ount external voltages to which the windings will be connected.

bpt as permitted in 2.10.1.5, for insulation between a transformer winding and
part, the highest voltage between any point on the winding and the other part

shall bg used.

e) Where pDoUBLE INSULATION is used, the workiNg VOLTAGE across the BasiclnsuLaTion shall
be detgrmined by imagining a short-circuit across the suPPLEMENTARY\NSULATION, and vice

versa.

FOr DOUBLE INSULATION between transformer windings, the short=circuit shall be

assumed to take place at the point by which the highest working-VoLTAGE is produced
in the gther insulation.

f) Whe

h the workiNGg voLTAGE is determined by measurément, the input power supplied

to the BEUT shall be at the rateD voLTAGE or the voltage-within the RATED vOLTAGE RANGE
that reqults in the highest measured value.

NOTE Tolerances ol

g) The
betwee
be the

h) Whe
TELECOM
these 3

the RATED VOLTAGE Or RATED VOLTAGE RANGE are not faken into account.

WORKING VOLTAGE between any péint in the primaRrY circuiT and earth, and

h any point in the PRIMARY cIRewiT and a SECONDARY cIrcuIT, shall be assumed to
preater of the following:

— the raTeD voLTAGE"er the upper voltage of the RATED vOLTAGE RANGE; and

— the measured voltage.

n deterndining the workiNGg voLTAGE for a TNv circuiT connected to a

MUNICATION' NETWORK, the normal operating voltages shall be taken into account. If
re not\known, they shall be assumed to be the following values:

— 60 V d.c. for TNv-1 CIRCUITS;
— 120 V d.c. for Tnv-2 circuiTs and TNV-3 CIRCUITS.

Telephone ringing signals shall not be taken into account for this purpose.

i) If starting pulses are used to ignite discharge lamps, the PEak WORKING VOLTAGE is the
peak value of the pulses with the lamp connected but before the lamp ignites. The ruvs

WORKING
the igni

voLTAGE to determine minimum cReePAGE DISTANCES is the voltage measured after
tion of the lamp.
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2.10.2.2 RMS

working voltage

Minimum cREEPAGE DISTANCES depend ONn RMS WORKING VOLTAGES.

When determining an rvs workiNG voLTAGE, the following rules shall be used:

— the measured r.m.s. value shall be used for all waveforms;

— short-term conditions (for example, cadenced telephone ringing signals in Tnv
circuits) shall not be taken into account;

— non-

be takgn into account.

NOTE The resultant

formula:

2.10.2.3 Peak

Minimum cLEAR

r.m.s. value = (A2 + B?) 12

working voltage

Nces and electric strength test voltages depend on PEAK WORKING VOLTAGES.

When determinjng a peak woRrkiNG VOLTAGE, the following rules shallvbe used:

— the measured peak value shall be used for all wayeforms; the peak value of any

ripple (

— non-

ip to 10 %) on a bc voLTAGe, shall be included;

epetitive transients (due, for examplé] to atmospheric disturbances) shall not

be takgn into account;

— whern determining the PEak wWORKING' VOLTAGE between PRIMARY CIRcUITS and SECONDARY

CIRCUITS
ringing

the voltage of any ELv €IRCUIT, SELV cIRcuIT or TNV circulT (including telephone
signals) shall be regarded as zero.

T & H PN | £ 1 & " L H (HR | A\ L Il n
CPCUUVE TallolTliie (UUT, TUT TAAITIPIT, TU alllTilUspPricTiv Ulsiurualitcs ) stiall TTUL

r.m.s. value of a waveform having an a.c. r.m.s. voltage “A” and a d.c. offset voltage "B” is given by the, following
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2.10.3 Clearances
2.10.3.1 General

cLEARANCES shall be so dimensioned that overvoltages, including transients, which may enter the
equipment, and peak voltages which may be generated within the equipment, do not break
down the CLEARANCE.

It is permitted to use either the requirements of 2.10.3 for Overvoltage Category | or Overvoltage
Category I, using the peak workING VOLTAGE, or the requirements in Annex G for Overvoltage
Category I, Overvoltage Category Il, Overvoltage Category Il or Overvoltage Category IV, using
the REQUIRED wi f
equipment.

These requirements apply for equipment to be operated up to 2 000 m above sea level. [For

equipment to b
be multiplied by
between the n
multiplication f4

NOTE 1 It is consid

NOTE 2 China has

b operated at more than 2 000 m above sea level, the minimum cLearances' shall
the factor given in Table A.2 of IEC 60664-1. Linear interpolation.is-permitted
parest two points in Table A.2. The calculated minimum cLEARANCE using this
ctor shall be rounded up to the next higher 0,1 mm increment.

red to be good practice to design soLib iINsuLATioN for higher transient overvoltages<than the associated cLEARANCE.

pecial requirements in choosing multiplication factors at altitudes above 2°0Q0' m.

The specified niinimum cLearaNCEs are subject to the following-absolute minimum values:

— 10 m
VOLTAGE
or of th

— 2 mn
and an
A.

NOTE 3 The above]

non-conductive ENCLO

Except as reqy
between the co
microgap const

NOTE 4 For air gap,
3.4.2.

The CLEARANCES
connector that
REINFORCED INSUL

— fixed

— locat

m for an air gap serving as REINFORCED INSULATION between a part at HAzaRDOUS
and an accessible conductive part of the*encLosure of floor-standing equipment
e non-vertical top surface of desk toprequipment;

n for an air gap serving as Basie iNsuLATION between a part at HAZARDOUS VOLTAGE
earthed accessible conductive-part of the ENCLOSURE Of PLUGGABLE EQUIPMENT TYPE

two minimum cLearances  doNnot apply between a part at a Hazarpous voLTAGE and the BOUNDING SURFACE of a

URE.

ired by 2.8,72.1" the specified minimum cLeEarancEs do not apply to the air gap
ntacts of “HERMOSTATS, THERMAL cuUT-0UTS, overload protection devices, switches of
ruction,~and similar components where the air gap varies with the contacts.

b between contacts of interlock switches, see 2.8.7.1. For air gaps between contacts of disconnect switches, see

between the Bounping surrace of a connector and conductive parts within the
are connected to a Hazarpous voLTAGE shall comply with the requirements for
ATION. As an exception, for connectors that are

to the equipment; and

ed internal to the outer encLosure of the equipment; and are
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— only accessible after removal of a user-replaceable sub-assembly that is required to
be in place during normal operation,

these cLearances shall comply with the requirements for BAsIC INSULATION.
NOTE 5 The tests of 2.1.1.1 for access to hazardous parts apply to such connectors after removal of the subassembly.

For all other cLearaNCES in connectors, including connectors that are not fixed to the equipment,
the minimum values specified in 2.10.3.3 or 2.10.3.4 apply.

The above minimum cLeAraNces for connectors do not apply to connectors that comply with a
standard harmagnt f S : 966=5
also 1.5.2.

fble parts shall be placed in the most unfavourable position;

— for eguipment incorporating ordinary NON-DETACHABLE POWER SUPPLY ‘€ORDS, CLEARANCE
measufements are made with supply conductors of the largest crkoss-sectional area
specifigd in 3.3.4, and also without conductors.

NOTE 6 The force t¢sts of 4.2.2, 4.2.3 and 4.2.4 apply.

— whem measuring cLEARANCES from the BoUNDING SURFACE Of an encLosure oOf insulating
materigl through a slot or opening in the encLosuge‘or through an opening in an
accessible connector, the accessible surface shall be considered to be conductive as
if it welle covered by metal foil wherever it.can be touched by the test finger shown in
Figure PA (see 2.1.1.1), applied without appreciable force (see Figure F.12, point X).

There is no electric strength test to verify ctéarances except as required in Footnote ¢ in Table
2M and in 5.3.4 b).

2.10.3.2 Maing transient voltages
a) Ac MAINS SUPPLY
For eqgipment t104€ supplied from an ac mains suppLy, the value of the MAINS TRANSIENT
voLTAaGE|depends’/on the Overvoltage Category and the Ac maiNs suppLy voltage. In

general, cLEARANCES in equipment intended to be connected to the ac maiNs suppLy shall
be designed for Overvoltage Category Il.

NOTE 1 See Annex Z for further guidance on the determination of Overvoltage Category.

Equipment that is likely, when installed, to be subjected to transient overvoltages that
exceed those for its design Overvoltage Category will require additional protection to
be provided external to the equipment. In this case, the installation instructions shall

state the need for such external protection.

The applicable value of the mains TRANSIENT voLTAGE shall be determined from the
Overvoltage Category and the ac maiNs suppLy voltage, using Table 2J.
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Table 2J — AC mains transient voltages
AC MAINS SUPPLY voltage 2 up to and including MAINS TRANSIENT VOLTAGE P
V peak
Overvoltage Category
Vr.m.s. 1 I}
50 330 500
100 500 800
150 © 800 1 500
300 d 1 500 2 500
600 © 2 500 4 000
a For equipmént designed to be connected to a three-phase, three-wire supply, where there is no neutral

neutral cong
b The MAINS
¢ Including 13
d Including 23
e Including 44

conductor, the AC MAINS SUPPLY voltage is the line-to-line voltage. In all other cases, where there is a

uctor, it is the line-to-neutral voltage.

TRANSIENT VOLTAGE is always one of the values in the table. Interpolation is not permitted.
0/208 V and 120/240 V.

0/400 V and 277/480 V.

0/690 V.

NOTE 2 For Japan,
applicable to an Ac ma|

he value of the maINs TRANSIENT voLTAGES for the nominal ac maiNs suppLY voltage of 100 VAs.determined from the row

Ns suppLY voltage of 150 V.

b) Earthed pc mainNs suppLIES

If a pc
building
connec

NOTE 3
(see ITU-T]

IAINS SUPPLY is connected to protective earth andlis entirely within a single
, the maiNs TRANSIENT voLTAGE shall be assumed.to be 71 V peak. If this
lion is within the EUT, it shall be in accordance with 2.6.1 d).

The connection to protective earth can be at the sourgetof the bc mains suppLy or at the equipment location, or both

Recommendation K.27).

¢) Unearthed bc maiNs suPPLIES

If a bc
VOLTAGE

haINS sUPPLY is not earthed)and located as in b) above, the MAINS TRANSIENT
shall be assumed te.be equal to the mMaINs TRANSIENT VOLTAGE in the AC MAINS

suppLY from which the pe'maiNs suppLy is derived.

d) Batiery operation

If equip
from arj
peak.

ment is.supplied from a dedicated battery which has no provision for charging
external mains suppLy, the maINS TRANSIENT voLTAGE shall be assumed to be 71 V
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2.10.3.3 Clearances in primary circuits

For insulation in PRIMARY circuiTs, between priMARY circuiTs and earth and between PRIMARY CIRCUITS
and seconDARY circulTs, the following rules apply.

For an ac mains suppLy not exceeding 300 V r.m.s. (420 V peak):

a) if the Peak workiNGg voLTAGE does not exceed the peak value of the ac maiNs suppLY
voltage, minimum cLearances are determined from Table 2K;

b) if the PEAK woRKING voLTAGE exceeds the peak value of the ac maNs supPLY voltage,

H ) il Foutl H e Il
the MINMTUMT CCEARANCE 1S tNe—StmT o1 tNe TUNTOWITTY tWwU vVadluco.

e the minimum cLearance from Table 2K; and
¢ the appropriate additional cLearance from Table 2L.

NOTE A minimum cfearance obtained by the use of Table 2L lies between the values required for homogeneous(ahd-ihhomogeneous

fields. As a result, it njay not pass the appropriate electric strength test if the field is substantially inhomogeneous.

For an ac mains purppLy exceeding 300 V r.m.s. (420 V peak), minimum cLEARANCES are determined
from Table 2K.

Table 2K — Minimum clearances for insulation in primary circuits and between primary
and secondary circuits

CLEARANCES in mm
PEAK WORKING MAINS TRANSIENT VOLTAGE
VOLTAGE
1500V © [ 2500V ° | 4000V °
up to and Pollution degree
including 1and 2P 3 1and 2" 3 1,2Pand 3
\i F |B/S| R F | B/S4{\R F |B/S| R F |B/S| R F | B/S R
712 0410|2008 13Y26]|10]|20|40]13]|20]40]|20]|32 6,4
(0,5)] (1,0 (0,8)] (1,6) (1,5)] (3,0 (1,5) [ (3,0) (3,0)] (6,0
2102 05| 10| 204081326 ]|14|20|40]|15]|20]40]| 20|32 6,4
(0,5)](1:Q) 0.8)|(1,6) (1,9 (3,0 (1,5 (3,0 80| (60
4202 F 1,5 B/S 2,0 (1,5) R 4,0 (3,0) 2,5 | 32 6,4
(3,0)] (6,0
840 F 3,0 B/S 3,2 (3,0) R 6,4 (6,0)
1 400 F/B/S 42 R 6,4
2 800 E/B/S/IR 84
7 000 F/B/S/R 17,5
9 800 F/B/S/R 25
14 000 F/B/S/R 37
28 000 F/B/S/R 80
42 000 F/B/S/R 130
The values in the table are applicable to FUNCTIONAL INSULATION (F) if required by 5.3.4 a) (see 2.10.1.3),
BASIC INSULATION (B), SUPPLEMENTARY INSULATION (S) and REINFORCED INSULATION (R).

Table 2K — Minimum clearances for insulation in primary circuits and between primary and secondary circuits
Continued on Next Page
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Table 2K - M

inimum clearances for insulation in primary circuits and between primary
and secondary circuits Continued

CLEARANCES in mm

PEAK WORKING
VOLTAGE

up to and
including

\

MAINS TRANSIENT VOLTAGE
1500V © [ 2500V ° | 4000V °
Pollution degree
1and 2” 3 1and 2" 3 1,2Pand 3
Fles| R| F|Bs|RrR| F[Bs|[R]| F|Bs|RrR]|]F[Bs|] R

The values in parentheses apply to BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED
INSULATION only if manufacturing is subjected to a quality control programme that provides at least the same level

of assurance as t
be subjected to R
If the PEAK WOR
is permitted betwq
mm increment.

e example given in Clause R.2. DOUBLE INSULATION and REINFORCED INSULATION shall
DUTINE TESTS for electric strength.

KING VOLTAGE exceeds the peak value of the AC MAINS SUPPLY voltage, linear interpolatign
en the nearest two points, the calculated CLEARANCE being rounded up to the next higher 0,1

a8 If the PEAK V]
value of the A
regarding add

¢ The relations|
2J.

b Itis not requifed to pass the tests of 2.10.10 for Pollution Degree 1.

VORKING VOLTAGE exceeds the peak value of the AC MAINS SUPPLY voltage, us€.the peak
C MAINS SUPPLY voltage in this column and use Table 2L in accordance with 2.10:8:3 b)
itional CLEARANCES

ip between MAINS TRANSIENT VOLTAGE and AC MAINS SUPPLY voltagg is given in Table

Table 2L — Additional clearances in primary_ circuits

CLEARANCES in mm

MAINS TRANSIENT VOLTAGE

1500V ° 2500V °
Pollution Degreep 1 and 2 P | Pollution Degree 3 FUNCTIONAL 2 REIN- Pollution Degrees 1,2 FUNC- REINFO-
BASIC or FORCED and 3P TIONAL 2 RCED
PEAK WORKING VOLTAGE SUPPLEMENTARY INSUL- PEAK WORKING BAS§IC or | INSULA-
INSULATION ATION VOLTAGE SUPP- TION
up|to and including up to and including L_E ny
v v IN$UL-
AT/ION
210 (210 210.(210) 0,0 0,0 420 (420) 0,0 0,0
298 (288 294 (293) 0,1 0,2 493 (497) 0,1 0,2
386 (366 379 (376) 0,2 0,4 567 (575) 0,2 0,4
474 (444 463 (459) 0,3 0,6 640 (652) 6,3 0,6
562 (522 547 (541) 0,4 0,8 713 (729) 0,4 0,8
650 (600 632 (624) 0,5 1,0 787 (807) 5 1,0
738 (678 715 (707) 0,6 1,2 860 (884) ,6 1,2
826 (756 800 (790) 0.7 1.4 933 (961) 7 1,4
914 (839) 885 (873) 0,8 1,6 1006 (1 039) 0,8 1,6
1002 (912) 970 (956) 0,9 1,8 1080 (1116) 0,9 1,8
1090 (990) 1055 (1039) 1,0 2,0 1153 (1 193) 1,0 2,0
1178 (1 068) 1140 (1122) 1,1 2,2 1226 (1271) 1,1 2,2
1266 (1 146) 1225 (1205) 1,2 2,4 1300 (1 348) 1,2 2,4
1354 (1224) 1310 (1 288) 1,3 2,6 1374 (1 425) 1,3 2,6

- if the values in

The additional CLEARANCES in the table apply if required by 2.10.3.3 b).
The values in parentheses shall be used:

parentheses in Table 2K are used; and

Table 2L — Additional clearances in primary circuits Continued on Next Page
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Table 2L — Additional clearances in primary circuits Continued

CLEARANCES in mm

MAINS TRANSIENT VOLTAGE

1500V¢° 2500V¢°
Pollution Degrees 1 and 2 ? | Pollution Degree 3 FUNCTIONAL 2 REIN- Pollution Degrees 1, 2 FUNC- REINFO-
BASIC or FORCED and 3° TIONAL 2 RCED
SUPPLEMENTARY INSUL- BASIC or | INSULA-
PEAK WORKING VOLTAGE INSULATION ATION PEQIT)LWT?L\F(‘;IEING SUPP- | TION
LEMEN-
up to and including up to and including TARY
v v INSUL-
ATJION

- for FUNCTION

0,1 mm incremen

L INSULATION if required by 5.3.4 a).

For voltage valueg above the PEAK WORKING VOLTAGE values given in the table, linear extrapolation is permitted.

For voltage valueg within the PEAK WORKING VOLTAGE values given in the table, linear interpolation is permittéd
between the neargst two points, the calculated minimum additional CLEARANCE being rounded up to the-next higher

2 There is no mifimum CLEARANCE for FUNCTIONAL INSULATION unless it is required by 5.3.4-a).)See 2.10.1.3.
b It is not requirgd to pass the tests of 2.10.10 for Pollution Degree 1.
¢ The relationship between MAINS TRANSIENT VOLTAGE and AC MAINS SUPPLY voltage“is, given in Table 2J.

2.10.3.4 Cleara

Minimum cLEARANCES in SECONDARY CIrcuiTs are determined from Table.2M.

nces in secondary circuits

The peak workiNG voLTAGE for use in Table 2M is:

— the geak value of a sinusoidal voltage;

— the measured peak value of a non-sinuseidal voltage.

The highest trapsient overvoltage for use in, Table 2M is either

— the Highest transient from the_mAins suppLy, determined in accordance with 2.10.3.6

or2.10

3.7; or

— the Highest transientftrom a TELECOMMUNICATION NETWORK, determined in accordance

with 2.1

0.3.8,

whichever is the highet value.
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Table 2M — Minimum clearances in secondary circuits

CLEARANCES in mm

material is bypassed.
The values in par¢ntheses apply to BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED

assurance as the pxample given.in'‘Clause R.2 of Annex R. DOUBLE INSULATION and REINFORCED
INSULATION shall be subjectéd-fo ROUTINE TESTS for electric strength.

PEAK Highest transient overvoltage in the SECONDARY CIRCUIT (V peak)
[WORKING [ yp to and Over 71 V up Uptoand | Over 800 V up to and including | Over 1 500 V
VOLTAGE | including 71 V to and including 800 1500 V up to and
up to including 800 ' including
and v 2500V 2
including Pollution Degree
1and 2P 3 1and 2°® 3 1,2bPand 3
\'J F |[B/S| R F |B/S| R F |B/S| R F |B/S| R F |B/S| R F |[B/S| R
71 0,2 7A n7R n_o 0‘7 1‘A n,R 1)’2 26 ﬁ‘l-'\ 1‘0 o_n ﬁ‘R 1"2 ’),R 1,1-'\ ’)71'\ A7n
0,2) |(0,4) (0,2)[ (0,4) (0,8) |(1,6) (0,5) |(1,0) (0,8) |(1,6) (1,5) [(3,0)
140 02110714102 |07 (14 ]08]|13|26(05]|10]20|08|13]|26]15]|20] 40
0,2) |(0,4) (0,2)[ (0,4) (0,8) |(1,6) (0,5)[(1,0) (0,8)[(1.,6) (1,5) [(3,9)
210 021|071 14102 |09 (18 |08]|13|26(|05]|10]20|08]|13]|26]15] 20 4,0
0,2) |(0,4) (0,2)[ (0,4) (0,8) |(1,6) (0,5) |(1,0) (0,8) |(1,6) (1/5) |(3,0)
280 02 |f,1 |22 F 0,8 B/S 1,4 (0,8) R 2,8 (1,6) 154 2,0 | 4,0
0,2)] (0,4) (1,5)|(3,0)
420 02 |4 |28 F 1,0 B/S 1,9 (1,0) R 3,8 (2,0) 1,5 2,01 4,0
0,2)] (0,4) (1,5) |(3,0)
700 F/B/S25 R5,0
840 F/B/S32 R5,0
1 400 F/B/S 42 R5,0
2 800 F/B/S/R 8,4 See/f
7 000 F/B/S/R 17,5 See °©
9 800 F/B/S/R 25 See ©
14 000 F/B/S/R 37 See ©
28 000 F/B/S/R 80 See ©
42 000 F/B/S/R 130 See °©
The values in the ftable apply to FUNCTIONAL INSULATION.(F) if required by 5.3.4 a) (see 2.10.1.3), BASIC
INSULATION (B),|SUPPLEMENTARY INSULATION (S).and REINFORCED INSULATION (R).
Linear interpolatiop is permitted between the nearest«two points, the calculated minimum CLEARANCE being
rounded up to thenext higher 0,1 mm increment.
If the CLEARANCE path is partly along the surface of insulation that is not Material Group |, the test voltage is
applied across thg air gap and Material Grqup | only. The part of the path along the surface of any other insulating

INSULATION if mpnufacturing is subjedted to a quality control programme that provides at least the same level of

a For transienf overvoltages higher than 2 500 V peak, either Table 2K shall be used or the minimum
CLEARANCE shallibe determined using Annex G.

b It is not reqyired\te’pass the tests of 2.10.10 for Pollution Degree 1.

AL AAIAOOUEINIA \ AL T A 4. 400 \/

c | SECONBARY-CHREHHT— ne o o ol 4l o olLr-aAn
na NDAMTT CITCOTT, 101 T s VWOTTHRING VO T apove— T o0 v, e oG ro iy

5 mm provided that the CLEARANCE path passes an electric strength test according to 5.2.2 using:

the PEAK WORKING VOLTAGE), or
— ad.c. test voltage equal to 150 % of the PEAK WORKING VOLTAGE.

ANOCT
A7 =

= 1S

— an a.c. test voltage whose r.m.s. value is 106 % of the PEAK WORKING VOLTAGE (peak value 150 % of
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2.10.3.5 Clear

ances in circuits having starting pulses

For a circuit generating starting pulses to ignite a discharge lamp, and if the circuit is not a LmiTeD

CURRENT CIRCUIT
one of the follo

complying with 2.4 (see 2.10.1.7), the adequacy of cLEARANCES is determined by
wing methods:

a) Determine the minimum cLEARANCE in accordance with Annex G; or

b) Conduct electric strength tests, using one of the following procedures. During the
tests, the lamp terminals are shorted together.

- TUDt I'II abbUIu’c!llbU VVl'l‘I’I 522, UDI.IIy all a4.C. IJC‘C!!’\ (9] (J’.Lz. tUDt VU/tdyG c'qual'
to 150 % of the PEAK WORKING VOLTAGE; Or

— Apply 30 pulses having amplitude equal to 150 % the PEAK WORKING VOLTAGE
from an external pulse generator. The pulse width shall be equal to or.gréater
than that of the internally generated starting pulse.

NOTE For workinGg vpLTAGES see 2.10.2.1 i).

2.10.3.6 Transfients from an a.c. mains supply

Except as pernitted below, the highest transient in a seconpAry circuiT due to transients on the

AC MAINS SUPPLY

s the value measured in accordance with 2.10.3.9/a).

Alternatively, fofr certain seconpary circuiTs it is permitted to assume that the highest transient is

either of the fol

owing:

— the value measured in accordance with.2;10.3.9 a); or

— one

btep lower in the following list than the maiNs TRANSIENT voLTAGe from Table 2J in

the PRIMARY CIRCUIT:

330, 500, 800, 1 500, 2 500 and 4 000 V peak.

This is permitted in the followipg cases:

— a SeqoNDARY cIroUIT, derived from an ac maINs suppLy, that is connected to the main

protecti

ve earthing terminal in accordance with 2.6.1;

— a sedonNpARY circuiT, derived from an ac mains suppLy and separated from the pPRimMARY

CIRCUIT

hv 9 matal scraan that is connacted to the main nrotactive-earthina terminal in
Y—e-Reta-S6Fe8RthatsS RARBGt8G—10+HRe-Mai{pFotecte-earRgteHhRarih

accordance with 2.6.1.
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2.10.3.7 Transients from a d.c. mains supply

NOTE 1

A circuit connected to a pc maINs suppLY is considered to be a seconbary circuiT (see 1.2.8.2).

The highest transient in a seconbARyY circuT due to transients on a bc MAINS SUPPLY iS

— thewm
MAINS SU

AINS TRANSIENT VOLTAGE, if the seconpARy circuiT is directly connected to the pc
PPLY; OF

— the value measured in accordance with 2.10.3.9 a) in other cases except as given
in 2.10.3.2 b) and 2.10.3.2 c).

NOTE 2 Both of the

above options depend on the value of the maINs TRANSIENT voLTAGE. In some cases, this value is assumed to be 7d

V peak [see 2.10.3.2 p) or d)]. The appropriate column of Table 2K is used and no measurement is necessary.

2.10.3.8 Trans

If the TELECOMMU

ients from telecommunication networks and cable distribution systems

NICATION NETWORK TRANSIENT VOLTAGE iS known for the TELECOMMUNICATION NETWORK in

question, it is permitted to use the known value in 2.10.3.4.

If the TELECOMMU

- 150
CIRCUIT

- 800
oraTN

If incoming tra
measured in ad

The effect of a

ICATION NETWORK TRANSIENT VOLTAGE i$ not known, the following value shall be used:

D V peak if the circuit connected to the TELECOMMUNIGATION NETWORK iS @ TNV-1
Dr & TNV-3 CIRcuIT; and

V peak if the circuit connected to the TELECOMMUNICATION NETWORK iS an SELV CIRCUIT
-2 CIRCUIT.

nsients are attenuated within the eguipment, it is permitted to use the value
cordance with 2.10.3.9 b).

telephone ringing signal is nettaken into account.

The effect of transients from a casLE pDiSTRIBUTION sYsTEM is not taken into account (however, see

7.4.1).
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2.10.3.9 Measurement of transient voltages

The following tests are conducted only if it is required to determine whether or not the transient
voltage across the cLearRance in any circuit is lower than normal (for example, due to the effect
of a filter in the equipment). The transient voltage across the cLEArRANCE is measured using the
following test procedure:

During the tests, the equipment is connected to its separate power supply unit, if any, but is not
connected to the maiNs suppLY Or tO any TELECOMMUNICATION NETWORKS, and any surge suppressors
in PRIMARY circuITs are disconnected.

H L - H b L ) H g
A voltage-meagurimgdeviceisconmectedacrossthe crearance I gaestion:

a) Trapsients from a mAINs suPPLY

To megsure a transient voltage across a cLEARANCE due to transients on a mMAINS SUPPLY,
the imgdulse test generator reference 2 of Table N.1 is used to generate 1,2/50 s
impulsgs. U, is equal to the MAINS TRANSIENT VOLTAGE given in Table 2J.

Three fo six impulses of alternating polarity, with intervals of at leasti/s between
impulsgs, are applied between each of the following points wherée_relevant:

For an

For a d

b) Tra

To meg
TELECOM

AC MAINS SUPPLY

— line-to-line;

— all line conductors joined together and-neutral;

— all line conductors joined togetherand protective earth;

— neutral and protective earth:

C MAINS SUPPLY

— the positive and hegative supply connection points;

— all supply connection points joined together and protective earth.
hsients ffom a TELECOMMUNICATION NETWORK

sure the transient voltage across a cLeEArANCE due to transients on a

MUNICATION NETWORK, the impulse test generator reference 1 of Table N.1 is used

to generate 10/700 us impulses. U, is equal to the TELECOMMUNICATION NETWORK TRANSIENT
voLTAGE determined in 2.10.3.8.

Three to six impulses of alternating polarity, with intervals of at least 1 s between
impulses, are applied between each of the following TELECOMMUNICATION NETWORK
connection points of a single interface type:

— each pair of terminals (for example, A and B or tip and ring) in an interface;

— all terminals of a single interface type joined together and earth.


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

126

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

MARCH 27, 2007

Where

there are several identical circuits, only one is tested.

2.10.4 Creepage distances

2.10.4.1 General

CREEPAGE DISTANCES shall be so dimensioned that, for a given rvs workiNGg voLTAGE and pollution
degree, no flashover or breakdown of insulation (for example, due to tracking) will occur.

2.10.4.2 Material group and comparative tracking index

H (! (] bl ' ' Les H (] LTI L Il H (] £ ll
Material group§gctrepenaon e comparative- trackmgmaex(C 1 antare ciassiietas Tomows:

Material Group |
Material Group I
Material Group |14
Material Group Il

CTI > 600

400 < CTI < 600
175 < CTl < 400
100 < CTl < 175

The material gfoup is verified by evaluation of the test data for the material a€¢ording to IEC
60112 using 5 drops of solution A.

If the material group is not known, Material Group llIb shall be assumed:

If a CTI of 175

or greater is needed, and the data is not available,the material group can be

established with a test for proof tracking index (PTI) as detailedsin IEC 60112. A material may
be included in g group if its PTI established by these tests is ‘equal to, or greater than, the lower
value of the CT|l specified for the group.

2.10.4.3 Minin
CREEPAGE DISTAN

If the minimum
CLEARANCE, that

For glass, mica
is greater than
CLEARANCE as th

The CREEPAGE DI
the connector t
REINFORCED INSUL

um creepage distances
s shall be not less than the appropriate minimum values specified in Table 2N.

cReePAGE DISTANCE derivedifrom Table 2N is less than the applicable minimum
value of minimum cLearANnCE shall be applied as the minimum CREEPAGE DISTANCE.

glazed ceramic{Or'similar inorganic materials, if the minimum CREEPAGE DISTANCE
he applicable minimum cLEARANCE, it is permitted to apply that value of minimum
P MiNimMum €REEPAGE DISTANCE.

STANCENDetween the BounDpiING SURFACE Of a connector and conductive parts within
nat-are connected to a Hazarbous voLTAGE shall comply with the requirements for

hTioN. As an exception, for connectors that are

— fixed

to the equipment; and

— located internal to the outer encLosure of the equipment; and

— only
be in pl

accessible after removal of a user-replaceable subassembly that is required to
ace during normal operation,

this creepace pisTANCE shall comply with the requirements for Basic INSULATION.

NOTE The tests of 2.1.1.1 for access to hazardous parts apply to such connectors after removal of the subassembly.
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For all other creerAGE DISTANCES in connectors, including connectors that are not fixed to the

equipment, the minimum values specified in Table 2N apply.

The above minimum creepAGge DISTANCES for connectors do not apply to connectors that comply
with a standard harmonized with IEC 60083, IEC 60309, IEC 60320, IEC 60906-1 or IEC

60906-2. See a

Compliance is checked by measurement, taking into account Annex F. The following conditions

Iso 1.5.2.

apply:
— movable parts are placed in their most unfavourable positions;
— for eguipment incorporating ordinary NON-DETACHABLE POWER SUPPLY CORDS, CREEPAGE
DISTANCE measurements are made with supply conductors of the largest cross-sectijonal
area specified in 3.3.4 for the terminal in question, and also without conductors;,and
— whem measuring cREEPAGE DISTANCES from the BOUNDING SURFACE Of an ENCLOSURE Of
insulatihg material through a slot or opening in the encLosure or through afn-opening in
an acce¢ssible connector, the accessible surface is considered to be conductive as if it
were covered by metal foil wherever it can be touched by the test finger, Figure 2A
(see 2.11.1.1), applied without appreciable force (see Figure F.12%point X).
Table 2N — Minimum creepage distances
CREEPAGE DISTANCES in mm
RMS WORKING Pollution degree
VOLTAGE up t4 1a 2 3
and including Matesial group
v 1, I, llia, b | i llia, b | I llia, llb
(see
Note)
10 0,08 04 0,4 0,4 1,0 1,0 1,0
12,5 0,09 0,42 0,42 0,42 1,05 1,05 1,05
16 0,1 0,45 0,45 0,45 1,1 1,1 1,1
20 0,11 0,48 0,48 0,48 1,2 1,2 1,2
25 0,125 0,5 0,5 0,5 1,25 1,25 1,25
32 0,14 0,53 0,53 0,53 1,3 1,3 1,3
40 0,16 0,56 0,8 1,1 1,4 1,6 1,8
50 0,18 0,6 0,85 1,2 1,5 1,7 1,9
63 0,2 0,63 0,9 1,25 1,6 1,8 2,0
80 0,22 0,67 0,9 1,3 1,7 1,9 2,1
100 8,25 974 +-6 4 +.8 2.6 25
125 0,28 0,75 1,05 1,5 1,9 2,1 2,4
160 0,32 0,8 1,1 1,6 2,0 2,2 2,5
200 0,42 1,0 1,4 2,0 2,5 2,8 3,2
250 0,56 1,25 1,8 2,5 3,2 3,6 4,0
320 0,75 1,6 2,2 3,2 4,0 45 5,0
400 1,0 2,0 2,8 4,0 5,0 5,6 6,3
500 1,3 2,5 3,6 5,0 6,3 7,1 8,0
630 1,8 3,2 4,5 6,3 8,0 9,0 10
800 2,4 4,0 5,6 8,0 10 11 12,5
1 000 32 5,0 7,1 10 12,5 14 16

Table 2N — Minimum creepage distances Continued on Next Page
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Table 2N — Minimum creepage distances Continued
CREEPAGE DISTANCES in mm
RMS WORKING Pollution degree
VOLTAGE up to 1a 2 3
and including Material group
\' 1, 11, a, llb 1 I} lla, llib | Il llla, llib
(see
Note)
1250 4,2 6,3 9,0 12,5 16 18 20
1 600 56 8.0 11 16 20 | 22 | 25 |
2 000 7,5 10 14 20 25 28 32
2 500 10 12,5 18 25 32 36 40
3 200 12,5 16 22 32 40 45 50
4 000 16 20 28 40 50 56 63
5 000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
8 000 32 40 56 80 100 140 125
10 000 40 50 71 100 125 140 160
12 500 50 63 90 125
16 000 63 80 110 160
20 000 80 100 140 200
25 000 100 125 180 250
32 000 125 160 220 320Q
40 000 160 200 280 400
50 000 200 250 360 500
63 000 250 320 450 600

The values in the
INSULATION and
the table.

values:

For REINFORCE
applying the roun
NOTE Material G
VOLTAGE above

SUPPLEMENTARY INSULATION. For REINFORCED INSULATION the values are twice those in

Linear interpolatioh may be used between the nearest twa points, the calculated minimum CREEPAGE DISTANCE
being rounded up|to the next higher specified increment; or the value in the next row below, whichever is lower. For

— not exceeding 0|5 mm, the specified increment-is 0,01 mm; and
— for those excee%ing 0,5 mm, the specifiedxincrement is 0,1 mm.

630 V.

able apply to FUNCTIONAL INSULATION if required by 5.3.4 a) (see 2.10.1.3), BASIC

INSULATION, the caleulated value for BASIC INSULATION shall be doubled first before
ing off.
roup llIb is ngt fecommended for applications in Pollution Degree 3 with an RMS WORKING

a8 |t is permitted

o use the values for Pollution Degree 1 if one sample passes the tests of 2.10.10.
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2.10.5 Solid insulation

2.10.5.1 General

In 2.10.5, the requirements for soLib INsuLATION (except those for thin sheet material) and for
insulating compound also apply to gel materials, used for this purpose.

soLID INSULATION shall be:

— so dimensioned that overvoltages, including transients, that enter the equipment,
and peak voltages that may be generated within the equipment, do not break down

the soL

!
INSULATION, dllJu

— s0 afranged that the likelihood of breakdown occurring due to the presence of
pinholeg in thin layers of insulation is limited.

Solvent-based gnamel is accepted only on winding wire as described in 2.10.5.13,

Except for printed boards, soLip INsuLATiON shall either

— comply with minimum distances through insulation in accordance-with 2.10.5.2; or

— meet

the requirements and pass the tests in 2.10.5.3 to2x10.5.13, as applicable.

NOTE 1 For printed |poards, see 2.10.6.

NOTE 2 For soLp IN:

ULATION on internal wiring, see 3.1.4.

Compliance with the requirements of 2.10.5.2 to 2.10.5.14 for the adequacy of soLip INSULATION iS
verified by insgection and measurement, taking intdo account Annex F, by the electric strength

tests of 5.2 and

by any additional tests required.in 2.10.5.4 to 2.10.5.14.

2.10.5.2 Distances through insulation

If a design is based on distances‘through insulation, these distances shall be dimensioned
according to th¢ application of thiejinsulation (see 2.9) and as follows (see Figure F.14):

— if the

PEAK WORKING\VOLTAGE does not exceed 71 V, there is no requirement for

distancg throughtinsulation;

— if the

PEAK WORKING VOLTAGE exceeds 71 V, the following rules apply:

e fOr FUNCTIONAL INSULATION and BASIC INSULATION there is no minimum distance
through insulation;

® SUPPLEMENTARY INSULATION OF REINFORCED INSULATION Shall have a distance through
insulation of 0,4 mm or greater, provided by a single layer.

For compliance criteria, see 2.10.5.1.


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

130

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

MARCH 27, 2007

2.10.5.3 Insulating compound as solid insulation

NOTE 1

There is no min

For printed boards, see 2.10.6 and for wound components, see 2.10.5.11, 2.10.5.12, 2.10.5.13 and 2.10.5.14.

imum internal cLEARANCE Or CREEPAGE DISTANCE if insulating compound completely

fills the casing of a component or subassembly, provided that each distance through insulation
in the component or subassembly meets the requirements of 2.10.5.2 and a single sample
passes the tests of 2.10.10.

NOTE 2 Some examples of such treatment are variously known as potting, encapsulation and vacuum impregnation.

NOTE 3 Such const[UTIONS TMay contam cememead Joimts, 1 WhICT case 2.10.5.5 also appies.

For compliancg

2.10.5.4 Semig¢

criteria, see 2.10.5.1.

onductor devices

There is no nfinimum distance through insulation for SuPPLEMENTARY INSULATION_"OF REINFORCED
INSULATION consisting of an insulating compound completely filling the casing of alsemiconductor

component (fo
satisfies one of

a) —

b) for
the test

shall bd

NOTE The above cd

example, an optocoupler, see Figure F.17), provided thatthe component
the following, a) or b):

passes the Tvpe TEsTs and inspection criteria of 2.104» and

— passes RouTINE TEsTs for electric strength duting manufacturing, using the
appropriate value of the test voltage in 5.2.2;\0r

n optocoupler only, complies with the requirements of IEC 60747-5-5"), where
voltages as specified in 5.2.6 (of IEC;60747-5-5):

— the voltage V iy 5 for TYPe TESTING and
— the voltage V i, for ROUTINE TESTING,
the appropriate value of the test voltage in 5.2.2 of this standard.

nstructions may contain)cemented joints, in which case 2.10.5.5 also applies.

As an alternative to a).@nd b) above, it is permitted to treat a semiconductor according to

2.10.5.3, if app

For compliance

icables

outeria, see 2.10.5.1.

To be published.
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2.10.5.5 Cemented joints

Where the path

between conductive parts is filled with insulating compound, and the insulating

compound forms a cemented joint between two non-conductive parts (see Figure F.18) or

between a non-
b) or c) applies.

a) The

conductive part and itself (see Figures F.16 and F.17), one of the following, a),

distance along the path between the two conductive parts shall not be less

than the minimum cLearances and creepace pisTANCES for Pollution Degree 2. The
requirements for distance through insulation of 2.10.5.2 do not apply along the joint.

b) The

Lok Il ) dlortorrmk ) & 1 . b 1 1 el 1
uictalivc alunyg uic yall UTLIWETTT 1T WU LUTNTUULLIVE PJdito ohiall TIUL UT 1S5S

than the minimum cLearances and creerPAGe DISTANCES for Pollution Degree 1.
Additiopally, one sample shall pass the test of 2.10.10. The requirements for distance

through

c) The

insulation of 2.10.5.2 do not apply along the joint.

requirements for distance through insulation of 2.10.5.2 apply between-the

conductive parts along the joint. Additionally, three samples shall pass the test of

2.10.11|

For a) and b) albove, if the insulating materials involved have different material groups, the worst

case is used. If

a material group is not known, Material Group llIb shall‘be assumed.

For b) and c) apove, the tests of 2.10.10 and 2.10.11 are not applied to a printed board made

using pre-preg
not exceed 90

if the temperature of the printed board measured during the test of 4.5.2 does
C at any point on the printed board material.

NOTE 1 No actual FLEARANCE Or CREEPAGE DISTANCE eXists unless the joint_eomés apart, for example, due to ageing. To cover this

possibility, the requireients and tests of c) apply if the minimum cLearancgs . and crReepace DISTANCES according to a) or b) are not met.

NOTE 2 Some exaf
— betweer]

hples of cemented joints are as follows:
two non-conductive parts cemented together, for example, two layers of a multilayer printed board (see Figure

F.16) or the split bobbin of a transformer where*{he Jpartition is secured by adhesive (see Figure F.18);

— betweer
— betweer

For compliance

spirally wrapped layers of insulation,6n winding wire, sealed by adhesive;
the non-conductive casing of an optocoupler and insulating compound filling the casing (see Figure F.17).

criteria, see 2.10.5M.
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2.10.5.6 Thin sheet material — General

There is no dimensional or constructional requirement for insulation in thin sheet material used
aS FUNCTIONAL INSULATION OF BASIC INSULATION.

Insulation in thin sheet materials is permitted for sSuPPLEMENTARY INSULATION and REINFORCED

INSULATION (see Figure F.15), irrespective of the distance through insulation, provided that all of
the following apply:

two or more layers are used;

h H L H Y Ry H &
t e lrstratom TS~ wWitmm e CUuipIierit ENULUSURE,

the ipsulation is not subject to handling or abrasion during orPeraTOR servicing; and

the requirements and tests of 2.10.5.7 (for separable layers) or 2.10.5.8 (for,.non-
separable layers) are met.

It is not requirefl for the two or more layers to be fixed to the same conductive part. The two or
more layers cap be

— fixed|to one of the conductive parts requiring separation, or
— shar¢d between the two conductive parts, or
— not fixed to either conductive part.

2.10.5.7 Separnable thin sheet material

For insulation i separable thin sheet layers, in addition to the requirements of 2.10.5.6,

— SUPPLEMENTARY INSULATION shall consist of at least two layers of material, each of which
will pags the electric strength testfor sUPPLEMENTARY INSULATION; OF

— SuPPLEMENTARY INSULATION Shall consist of three layers of material for which all
combingtions of two layers together will pass the electric strength test for
SUPPLEMENTARY INSULATION, JOr

— REINFPRCED INSULATION shall consist of at least two layers of material, each of which
will pags the electric strength test for REINFORCED INSULATION; OF

— REINFPRCED INSULATION shall consist of three layers of material for which all

combinations of two layers together will pass the electric strength test for REINFORCED
INSULATION.

It is permitted for different layers of insulation to be of different materials or different thicknesses,
or both.

Compliance is checked by inspection and by the electric strength test of 2.10.5.9 or 2.10.5.10.
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2.10.5.8 Non-separable thin sheet material

For insulation consisting of non-separable thin sheet materials, in addition to the requirements

of 2.10.5.6, the

test procedures in Table 2P are applied.

It is permitted for different layers of insulation to be of different materials or different thicknesses,

or both.

Compliance is checked by inspection and by the tests specified in Table 2P.

Table 2P — Tests for insulation in non-separable layers

Number of layers Test procedure

SUPPLEMENTAR

Y INSULATION
Two or more layers: | The test procedure of 2.10.5.9 is applied 2.

REINFORCED IN

SULATION
Two layers: | The test procedure of 2.10.5.9 is applied &

Three or more layers: | The test procedures of 2.10.5.9 and Apnex AA are
applied. 2

2 The alternative {
NOTE The purp
damage when hid
The tests in Anne

st procedure of 2.10.5.10 cannot be used for non-separable layers

se of the tests in Annex AA is to ensure that the material has adequatetstrength to resist

Hen in inner layers of insulation. Therefore, the tests are not applied tosiAsulation in two layers.
AA are not applied to SUPPLEMENTARY INSULATION.

2.10.5.9 Thin gsheet material — standard test procedure

For separable
5.2.2 to all laye

- 200
- 150

where
REINFOR

NOTE Unless all thg
shared unequally bety

br non-separable layers, electric strength_tests are applied in accordance with
rs together. The test voltage is:

Do Of Uyeg: If tWO layers are used; or
Do Of Ut If three or more layers are used,

Usest IS the test voltage Specified in 5.2.2 for SUPPLEMENTARY INSULATION OF
CED INSULATION &S appropriate.

layers are of the safme material and have the same thickness, there is a possibility that the test voltage will be
jeen layers, causing, breakdown of a layer which would have passed if tested separately.
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2.10.5.10 Thin

sheet material — alternative test procedure

If layers can be separated for individual testing, the following alternative to the standard test

procedure in 2.

10.5.9 is permitted.

Electric strength tests are applied in accordance with 5.2.2, using test voltages equal to the test
voltage specified in 5.2.2 for SUPPLEMENTARY INSULATION Of REINFORCED INSULATION @S appropriate.

If two layers are used, each layer shall pass the test.

If three or more layers are used, each combination of two layers together shall pass the test.

If three or moreL layers are used, It is permitted to divide these layers into two or three groups

for testing purp
of two or three

pses. In the above electric strength tests, two or three groups are tested instead
layers.

A test on a layér or group of layers is not repeated on an identical layer or group.

2.10.5.11 Insu

ation in wound components

Planar transformers are not considered to be wound components.

NOTE 1 Planar tran

There is no di
component.

It is permitted
component to 4

— thei

— othe

formers are subject to the requirements covering the construction of printed\boards, see 2.10.6,

mensional or constructional requirement for FUNCTIONAL INSULATION in a wound
Or BASIC INSULATION, SUPPLEMENTARY INSULATION OI REINFORCED INSULATION in a wound
e provided by

psulation on winding wire or othép wire (see 2.10.5.12 or 2.10.5.13); or

insulation (see 2.10.5.14);or

— a combination of the two!

NOTE 2 Wound con

For pousLE INsUL
for BAsIC INSULATI
SUPPLEMENTARY N

ponents may contain,cemented joints, in which case 2.10.5.5 also applies.

nTIoN between the conductor of a wire and another conductive part, it is permitted
DN to be-provided by insulation complying with 2.10.5.12 on one of the wires and
SULATION by additional insulation complying with 2.10.5.14, or vice versa.

For compliance criteria see 2.10.5.1.

Additionally, BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION in finished wound

components sh

all pass rouTiNe TESTS for electric strength in accordance with 5.2.2.
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2.10.5.12 Wire in wound components

The following requirements apply to winding wire and other wire whose insulation provides Basic
INSULATION, SUPPLEMENTARY INSULATION OI' REINFORCED INSULATION, as required.

Solvent-based enamel is not considered to provide BASIC INSULATION, SUPPLEMENTARY INSULATION Of
REINFORCED INSULATION . Solvent-based enamel is only accepted if used as winding wire insulation
as described in 2.10.5.13.

NOTE 1 For insulation provided in addition to insulation on winding wire, see 2.10.5.14.

L N (i 2 | \.L .l H (H H L N - L
If the PEAK WORRWG—vorTAGEdoesnot—exceed—7 Vv, tere 1S o amrensStonar o constroctomnar

requirement.
If the PEAK woRKING voLTAGE exceeds 71 V, one of the following, a), b), or ¢) applies:

a) For pasic insuLaTion that is not under stress (for example, from winding tefision),
there ig no dimensional or constructional requirement. For Basic iNnsuLaTioN that is under
such stress, b), or c) applies.

NOTE 2 The exceptfon in a) does not apply to SUPPLEMENTARY INSULATION OF REINFORCED INSULATION.

b) For BAsIC INSULATION, SUPPLEMENTARY INSULATION OF REINFORCED INSULATION, the insulation
on the ire shall either:

— have a thickness of at least of 0,4 mm provided by a single layer; or
— comply with 2.10.5.6 and with Annex U.

¢) The|winding wire shall comply with Annex U. In addition, the minimum number of
overlapping layers of spirally wrapped«tape or extruded layers of insulation shall be as
follows

— for Bpsic INsuLATION: One layer,
— for syPPLEMENTARY INSULATION: two layers;
— for REINFORCED INsubaTION: three layers.

For insulation Hetween\two adjacent winding wires, one layer on each conductor is considered
to provide SUPPLIEMENTARY INSULATION.

Spirally wrapped tape wound with less than 50 % overlap is considered to constitute one layer.
Spirally wrapped tape wound with more than 50 % overlap is considered to constitute two layers.
Spirally wrapped tape shall be sealed and pass the tests of 2.10.5.5 a), b), or c.

NOTE 3 For wires insulated by an extrusion process, sealing is inherent to the process.
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Where two winding wires, or one winding wire and another wire, are in contact inside the wound
component, crossing each other at an angle between 45° and 90° and subject to winding
tension, protection against mechanical stress shall be provided. This protection can be

achieved, for e
sheet material,

xample, by providing physical separation in the form of insulating sleeving or
or by using double the required number of insulation layers.

For compliance criteria see 2.10.5.1. If the tests of Annex U are required, they are not repeated
if the material data sheets confirm compliance.

2.10.5.13 Wire with solvent-based enamel in wound components

It is permitted t
is considered t(

NOTE 1 Solvent-ba:
2.10.5.12.

) UST DU;VUI It'IUaDGUI Cl Icllllc: Ul VV;IIUIilly VV;IU tU pIUViUIU U:Ubtl ;L;a.: bcpalatiun t: Iat
meet the requirements of 2.3.2.1.

ed enamel is not considered to provide BASIC INSULATION, SUPPLEMENTARY INSULATION OF REINFORCED INSULATION,”see

The insulation ¢n all conductors shall be enamel complying with the requirements\of a grade 2

winding wire in
conducted at a

Compliance is

The finished cd
between windin

The finished ¢
electrical separ

The dimension
compliance witi

NOTE 2 In some ca

NOTE 3 In Finland,

compliance with one of the IEC 60317 series of standards with the Type TEST
test voltage that is not less than required by 5.2.2.

Checked by inspection and by the following tests.

imponent is subjected to a Tvpe TEST for electric stfength (between windings; and
gs and the core (see Clause C.2) in accordance with 5.2.2.

bmponent shall be subjected to rouTtineFESTs for the electric strength of the
ation in accordance with 5.2.2, using a test voltage of 1 000 V.

al and constructional requirements of 2.10 and Annex G do not apply for
0 2.10.5.13.

es, 6.1.2.1 also applies.

Norway and Sweden, there_are, additional requirements for the insulation. See 6.1.2.1 Note 2 and 6.1.2.2 Note.

P2
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2.10.5.14 Additional insulation in wound components

The following requirements apply to insulation in a wound component, provided in addition to the

insulation on wi

nding wire or other wire. This includes, for example:

— insulation between windings; and

— insulation between a winding wire or other wire and any other conductive part in the
wound component.

NOTE For insulation

on the winding wire itself, see 2.10.5.12.

If the PEAK WOR
requirement.

If the PEAK WORK

— fors
constru

— SUPPY

ING voLTAGE does not exceed 71 V, there is no dimensional or constructional

NG VOLTAGE exceeds 71 V,

sic INsuLATION that is not under mechanical stress, there is no dimensional or
ctional requirement;

EMENTARY INSULATION OF REINFORCED INSULATION shall either
¢ have a thickness of at least 0,4 mm, provided by single layer; or

e comply with 2.10.5.6.

2.10.6 Constryction of printed boards

NOTE 2.10.6 also a|

plies to the windings of a planar transformer and.aeramic transformer.

2.10.6.1 Uncoated printed boards

The insulation
comply with th
CREEPAGE DISTAN(

Compliance is

between conductors on, the-outer surfaces of an uncoated printed board shall
B minimum cLEARANCE requirements of 2.10.3 (or Annex G) and the minimum
E requirements of 2110.4.

Checked by inspection and measurement.
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2.10.6.2 Coate

For printed boa

d printed boards

rds whose outer surfaces are to be coated with a suitable coating material, the

following requirements apply to conductive parts before they are coated:

— the minimum separation distances of Table 2Q shall be met; and

— manufacturing is subjected to a quality control programme that provides at least the
same level of assurance as the example given in Clause R.1of Annex R. pousLE
INSULATION and REINFORCED INSULATION shall pass rouTiNE TESTS for electric strength.

P2

One or both co
conductive part]

The coating pr
quality is assur

The minimum d
apply

— if the
— betw
— over

Compliance is
by the tests of

1 . b (| 000 Sl Lk Fn) "3 Lo )
IUUCLIVE pPditlo dllu alt I©ast OU /o Ul UT1T UlslallLto UVTT T Sullalc UTIWTCTIT 1T

5 shall be coated.

bcess, the coating material and the base material shall be such that yniferm
bd and the separation distances under consideration are effectively proetected.

LearaNces Of 2.10.3 (or Annex G) and the minimum creerAce DISTANCES of 2.10.4

above conditions are not met;
pen any two uncoated conductive parts; and
the outside of the coating.

rhecked by inspection and measuremeni~taking Figure F.11 into account, and
D.10.8.

Tabfle 2Q — Minimum separation distances for coated printed boards

PEAK WORKING VOLTAGE BASIC INSULATOIN or REINFORCED
Lip to and including SUPPLEMENTARY INSULATION
INSULATION

V peak mm mm
714 0,025 0,05
goa 0,04 0,08
1132 0,063 0,125
1414 0,1 0,2
1722 0,16 0,32
227 2 0,25 0,5
283 2 0,4 0,8
354 2 0,56 112
455 2 0,75 15
570 1,0 2,0
710 1,3 26
895 1,8 3,6
1135 2,4 3,8
1450 2,8 4,0
1770 34 42
2 260 4.1 4.6
2830 5,0 5,0

Table 2Q — Minimum separation distances for coated printed boards Continued on Next Page
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Table 2Q — Minimum separation distances for coated printed boards Continued
PEAK WORKING VOLTAGE BASIC INSULATOIN or REINFORCED
up to and including SUPPLEMENTARY INSULATION
INSULATION
V peak mm mm
3 540 6,3 6,3
4 520 8,2 8,2
5 660 10,0 10,0
7 070 13,0 13,0
8910 16,0 16,0
14 140 26,0 26,0
17 700 33,0 33,0
22 600 43,0 43,0
28 300 55,0 55,0
35 400 70,0 70,0
45 200 86,0 86,0
Linear interpolatioh may be used between the nearest two points, the calculated minimum separation distance
being rounded up|to the next higher specified increment, or the value in the next row below, whichever is lower. For
values:
— not exceeding 0|5 mm, the specified increment is 0,01 mm; and
— for those exceegling 0,5 mm, the specified increment is 0,1 mm.
2 The test of 2.10J8 is not required.

2.10.6.3 Insuls

On an inner su

tion between conductors on the same inner)surface of a printed board

face of a multi-layer printed board (see Figure F.16), the path between any two

conductors shajl comply with the requirements for a cemented joint in 2.10.5.5

2.10.6.4 Insulgtion between conductors on different surfaces of a printed board

SUPPLEMENTARY IN
in double-sided
boards, shall ei

— have

SULATION OF REINFORCED INSULATION between conductive parts on different surfaces
single-layer printed boards, multi-layer printed boards and metal core printed
ther:

a minimum thiekness of 0,4 mm; or

— conferm with onetof the specifications and pass the relevant tests in Table 2R.

There is no cor

responding requirement for FUNCTIONAL INSULATION OF BASIC INSULATION.

Compliance is

LR~ A 2aa- -

bhacked by insnaction and measiirement and byv tasts whare reqiired.
HYHISPOGHOR-GRG-HEASHHEHIe ARG/ 1oStSWHEFEH+egHHBa-
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Table 2R - Insulation in printed boards

Specification of insulation

TYPE TESTS @ ROUTINE TESTS for

electric strength °

°C

Two layers of sheet insulating material including pre- No Yes
b

preg

Three or more layers of sheet insulating material No No

including pre-preg °

An insulation system with ceramic coating over a No Yes

metallic substrate, cured at > 500 °C

An insulation system, with two or more coatings other Yes Yes

than ceramic over a metallic substrate, cured at < 500

NOTE 1 Pre-pre
NOTE 2 For def

b is the term used for a layer of glass cloth impregnated with a partially cured resin.
hition of ceramic, see IEV 212-05-24.

a8 Thermal condit
b Layers are coy

¢ Electric strengf

oning of 2.10.8.2 followed by the electric strength test of 5.2.2.
nted before curing.
h testing is conducted on the finished printed board.

2.10.7 Compo

It is permitted
CLEARANCES and
2Q apply to the
2.10.6.2, includ

The mechanicg
during normal H
be subject to @
between condu

Compliance is
sequence of te
completed assq

Also, the abrad
printed board &
conductive par
gradients used

hent external terminations

0 use coatings over external terminations of components.to increase effective
CREEPAGE DISTANCES (see Figure F.10). The minimum separation distances of Table
component before coating, and the coating shall meet all the requirements of
ng quality control provisions.

| arrangement and rigidity of the terminations shall be adequate to ensure that,
andling, assembly into equipment and subsequent use, the terminations will not
eformation which would crack the coating or reduce the separation distances
ctive parts below the values in TableZ2Q (see 2.10.6.2).

checked by inspection taking«into account Figure F.10 and by applying the
5is covered by 2.10.8.1, 2.10.8.2 and 2.10.8.3. These tests are conducted on a
mbly including the comporent(s).

bion resistance test of 2.10.8.4 is conducted on a specially prepared sample
s described for sample 3 in 2.10.8.1, except that the separation between the
s shall be representative of the minimum separations and maximum potential
in the assembly.
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2.10.8 Tests on coated printed boards and coated components
2.10.8.1 Sample preparation and preliminary inspection

Three sample printed boards (or, for coated components in 2.10.7, two components and one
board) identified as samples 1, 2 and 3 are required. It is permitted to use either actual boards
or specially produced samples with representative coating and minimum separations. Each
sample board shall be representative of the minimum separations used, and coated. Each
sample is subjected to the full sequence of manufacturing processes, including soldering and
cleaning, to which it is normally subjected during equipment assembly.

When visua//y fllapc'u‘cd, the—boards—shaft—show—no—evidernceof I.Jl'lu'lufc'a or-bubbtes—imthe
coating or breakthrough of conductive tracks at corners.

2.10.8.2 Thermal conditioning
Sample 1 (see|2.10.8.1) is subjected to the thermal cycling sequence of 2.10.9.

Sample 2 is aded in a full draught oven at a temperature and for a time duratioh chosen from
the graph of Rigure 2J using the temperature index line that corresponds to the maximum
operating tempkrature of the coated board. The temperature of the oven is" maintained at the
specified température + 2 °C. The temperature used to determine the temperature index line is
the highest temperature on the board where safety is involved.

When using Figure 2J, interpolation is permitted between the\nearest two temperature index
lines.
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Temperature Index Lines
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Figure 2J — Thermal ageing time

2.10.8.3 Electilic strength test
2 (see 2.10.8.1) are then subjected o-the humidity conditioning of 2.9.2 and shall

Samples 1 and
blevant electric strength test of 5:2.2 between conductors.

withstand the r

2.10.8.4 Abradion resistance test

Sample 3 (see|2.10.8.1) is subjected to the following test.

made across five-pairs of conducting parts and the intervening separations at

Scratches are
e separations wifl be subject to the maximum potential gradient during the tests.

points where th
hre made\by means of a hardened steel pin, the end of which has the form of a

The scratches
ip angle of 40°, its tip being rounded and polished, with a radius of 0,25 mm +

cone having a
0,02 mm.

Scratches are made by drawing the pin along the surface in a plane perpendicular to the
conductor edges at a speed of 20 mm/s £ 5 mm/s as shown in Figure 2K. The pin is so loaded
that the force exerted along its axis is 10 N = 0,5 N. The scratches shall be at least 5 mm apart

and at least 5 mm from the edge of the specimen.

After this test, the coating layer shall neither have loosened nor have been pierced, and it shall
withstand an electric strength test as specified in 5.2.2 between conductors. In the case of metal

core printed boards, the substrate is one of the conductors.
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Pin

Direction
of movement

I of pin

S3401A

NOTE The pin is

Specimen
under ‘test

n the plane ABCD which is perpendicular to the specimen under-test.

Figure 2K — Abrasion resistance test for ¢oating layers

2.10.9 Thermdl cycling

The following thermal cycling sequence is used if required by 2.10.8.2, 2.10.10 or 2.10.11.

A sample of a
transformers, n
voltage of 500
between windin

The sample is

component or subassembly is subjected to the following sequence of tests. For
nagnetic couplers and similar devices, if insulation is relied upon for safety, a
\ r.m.s at a frequency af 50 Hz to 60 Hz is applied between windings, and also
gs and other conductive parts during the following thermal cycling.

Subjected ten times' to the following sequence of thermal cycling:
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68 h at T+ 2 °C;

1h at 25°C+ 2 °C;

2 hat 0°C+2°C

not less than 1 h at 25°C+2°C.

T;=To+ Tpa— Tamp + 10 K, measured in accordance with 1.4.5 and, where relevant, 1.4.13,
or 85 °C, whichever is higher. However, the 10 K margin is not added if the temperature is
measured by an embedded thermocouple or by the resistance method.

T, is the tempg
The significanc

The period of t
the transition is

There shall be

rature of the parts measured during the test of 4.5.2.
b Oof Ty @and T,mp a@re as given in 1.4.12.1.

me taken for the transition from one temperature to another is not specified, but
permitted to be gradual.

no evidence of insulation breakdown during this conditioning.

2.10.10 Test for Pollution Degree 1 environment and for insulating compound

This test is con
Table 2N, 2.10.

Hucted when it is required to verify a Pollution Degrée 1 environment [when using
5.5 b) or Table G.2] or when required by 2.10.5.3 or 2.10.12.

NOTE It is not requifed to pass this test in connection with Tables 2K, 2L and:2M; where the requirements for Pollution Degree 1 are

the same as for Pollu

A sample is sul
to room tempe
immediately by

For other than
and there shall

In the case of
the insulation b
is checked by
pollution degre

ion Degree 2.

jected to the thermal cycling sequénce of 2.10.9. The sample is permitted to cool
rature and is then subjected™to’ the humidity conditioning of 2.9.2, followed
the electric strength tests.of 5.:2.2.

brinted boards, compliance is checked by inspection of the cross-sectional area,
be no visible voids;-gaps or cracks in the insulating material.

nsulation between conductors on the same inner surface of printed boards and
ptween codductors on different surfaces of multilayer printed boards, compliance
external~wsual inspection. There shall be no delamination which affects the

N2
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2.10.11 Tests for semiconductor devices and for cemented joints

If required by 2.10.5.4 or 2.10.5.5 c), three samples are subjected to the thermal cycling
sequence of 2.10.9. Before testing a cemented joint, any winding of solvent-based enamelled
wire used in the component is replaced by metal foil or by a few turns of bare wire, placed close

to the cemented joint.

The three samples are then tested as follows:

— one of the samples is subjected to the relevant electric strength test of 5.2.2,
immediately after the last period at T; °C during thermal cycling, except that the test

voltag

— the d
the hur

Compliance is

Except for cem

ITE N H o PE.)
o rriartipncu vy T,0,

ther samples are subjected to the relevant electric strength test of 5.2.2 after
hidity conditioning of 2.9.2, except that the test voltage is multiplied by 1,6.

Checked by inspection and measurement.

bnted joints on the same inner surface of a printed board, compliance is checked

by inspection o
the insulating

f the cross-sectional area, and there shall be no visible voids,\gaps or cracks in
aterial.

In the case of msulation between conductors on the same inner surface of printed boards and
the insulation petween conductors on different surfaces of multilayer boards, compliance is
checked by melasurement and external visual inspection. Thereshall be no delamination.

2.10.12 Enclo

For component
sealing to prevq
CLEARANCES and

NOTE Some examp

enveloped in a dip co

Compliance is

A component g
tests of 2.10.1Q.

ed and sealed parts

s or subassemblies that are adequately enclosed by enveloping or hermetic
nt ingress of dirt and moisture, the-alues for Pollution Degree 1 apply to internal
ICREEPAGE DISTANCES.

es of such construction include pa#ts in boxes that are hermetically sealed by adhesive or otherwise, and parts
ht.

Checked by inspection from the outside, measurement and, if necessary, by test.
r subassembly.is) considered to be adequately enclosed if a sample passes the
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3 Wiring, connections and supply P.1
3.1 General
3.1.1 Current rating and overcurrent protection NAE

The cross-sectional area of internal wires and INTERCONNECTING cABLES shall be adequate for the
current they are intended to carry when the equipment is operating under NnormAL LoAD such that
the maximum permitted temperature of conductor insulation is not exceeded.

All internal wiring (including busbars) and INTERCONNECTING caBLEs used in the distribution of

PRIMARY CIRCUIT power—and—aitwrerRconneEcTnG CrstEs - Ssthatt-beprotected—=againstovercurrent—and— D1
short-circuit by [suitably rated protective devices.

Wiring not diregtly involved in the distribution path does not require protection if it can be,shown
that creation of|hazards is unlikely (for example, indicating circuits).

Examples consjdered to comply with this requirement are: D1
— conductors provided with overcurrent protection in accordance withvArticle 240 of D1
the National Electrical Code. ANSI/NFPA 70. and the Canadian Electrical Code, Part 1. D1
CSA CP2.1, Section 14; D1
— intermal conductors supplied by a power source that isilimited to the output voltage D1
and culrent values specified in Table 2B or is limited to.the output voltage values and D1
provided with an overcurrent protective device with a\saTED currenT value as specified D1
in Tabl¢ 2C: D1
— INTERCONNECTING CABLES supplied by a limit ower source (see 2.5): D1
— a 204A protective device used with @ny size wire in the primary. D1

NOTE 1 Devices for|overload protection of components-may also provide protection of associated wiring.

NOTE 2 Internal cirquits connected to a maiNs suPPLy may require individual protection depending on reduced wire size and length of
conductors.

Compliance is ¢hecked byinspection and, as appropriate, by the tests of 4.5.2 and 4.5.3,_and/or D1
5.3 D1
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3.1.2 Protection against mechanical damage

Wireways shall

be smooth and free from sharp edges. Wires shall be protected so that they do

not come into contact with burrs, cooling fins, moving parts, etc., which could cause damage to
the insulation of conductors. Holes in metal, through which insulated wires pass, shall have
smooth well-rounded surfaces or shall be provided with bushings.

It is permitted
breakdown of

for wires to be in close contact with wire wrapping posts and the like if any
insulation will not create a hazard, or if adequate mechanical protection is

provided by the insulation system.

Compliance is

) Il o H -
LITCURCU Uy ITTo[JCULIUTT.

3.1.3 Securing of internal wiring

Internal wiring
likelihood of:

shall be routed, supported, clamped or secured in a manner that redueces the

— excepsive strain on wire and on terminal connections; and

— loosgning of terminal connections; and

— damage of conductor insulation.

Compliance is

checked by inspection.

3.1.4 Insulation of conductors

Except as covered in 2.1.1.3 b), insulation of individeial conductors of internal wiring shall fulfill

the requiremen
specified in 5.2

s of 2.10.5 and be capable of withstanding the applicable electric strength test
2.

Where a power supply cord, whose insulating properties comply with those of the cord types of
3.2.5, is used inside the equipment, ejther as an extension of the external power supply cord or
as an independent cable, the sheadth of the power supply cord is considered to be adequate
SUPPLEMENTARY INsuLATION for the purpose of 3.1.4.

NOTE Requirements regarding colouts, of insulation are in 2.6.3.5.

Compliance is
withstands the

checked by inspection and evaluation of test data showing that the insulation
relevant test voltage.

If such applicable test data is not available, compliance is checked by applying the electric
strength test using a sample of approximately 1 m in length and by applying the relevant test

voltage as follo

ws:

— for insulation of a conductor: by the voltage test method given in Clause 3 of IEC

60885-

1, using the relevant test voltage in 5.2.2 in this standard for the grade of

insulation under consideration; and

— for suppLEMENTARY INSULATION (for example, sleeving around a group of conductors):

betwee
sleeve

n a conductor inserted into the sleeve and metal foil wrapped tightly round the
for a length of at least 100 mm.
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3.1.5 Beads and ceramic insulators
Beads and similar ceramic insulators on conductors shall:

— be so fixed or supported that they cannot change their position in such a way that a
hazard would be created; and

— not rest on sharp edges or sharp corners.
If beads are located inside flexible metal conduits, they shall be contained within an insulating

sleeve, unless the conduit is mounted or secured in such a way that movement in normal use
would not createatrazard:

Compliance is ¢hecked by inspection and, where necessary, by the following test.

A force of 10 Nfis applied to the insulators or to the conduit. The resulting movement, if-any, shall
not create a hagard in the meaning of this standard.

3.1.6 Screws for electrical contact pressure

Where electrical contact pressure is required, a screw shall engage &t least two complete
threads into a metal plate, a metal nut or a metal insert.

Screws of insulating material shall not be used where electrical connéctions, including protective
earthing, are inyolved, or where their replacement by metal s€rews could impair SUPPLEMENTARY

INSULATION OI' REINFORCED INSULATION.

Where screws pf insulating material contribute to other safety aspects, they shall be engaged
by at least two [complete threads.

NOTE See also 2.6}5.7 for screws used for protective earthing ‘eontinuity.

Compliance is ¢hecked by inspection.

3.1.7 Insulati materials in electrical connections

Electrical conngctions, including those for protective earthing functions (see 2.6), shall be so
designed that ¢ontact pressure is not transmitted through insulating material unless there is
sufficient resilience in theé/metallic parts to compensate for any possible shrinkage or distortion
of the insulating materjal:

Compliance is ¢hecked by inspection.
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3.1.8 Self-tapping and spaced thread screws

Spaced thread
parts, unless th
suitable means

(sheet metal) screws shall not be used for the connection of current-carrying
ey clamp these parts directly in contact with each other and are provided with a
of locking.

Self-tapping (thread-cutting or thread-forming) screws shall not be used for the electrical
connection of current-carrying parts, unless they generate a full form standard machine screw
thread. Moreover, such screws shall not be used if they are operated by the user or installer
unless the thread is formed by a swaging action.

NOTE See also 2.6.
Compliance is

3.1.9 Termina

57 10T SCTeWS USEd 10T Protective Sarthing Contmuny.
Checked by inspection.

ion of conductors

Conductors shd
that they and
cannot, in nor
less than the

It is permitted tq
the connection
fixed so that r
position.

In multiway plu
provided to pre|

VOLTAGE due to

Compliance is
test.

A force of 10 N
break away or |
reduced below

For the purpos

— two

Il be provided with a means (for example, barriers or fixing), or beso-terminated,

| use, become so displaced that CLEARANCES Or CREEPAGE DISTANGES are reduced to
lues specified in 2.10 (or Annex G).

r'Feir terminators (for example, ring terminals and flat quick-connect terminals)
\%

use soldered, welded, crimped, screwless (push-iny-and similar terminations for
of conductors. For soldered terminations, the cohductor shall be positioned or
bliance is not placed upon the soldering alone~to maintain the conductor in

gs and sockets, and wherever shorting, could otherwise occur, means shall be
vent contact between parts in seLv cigcuits or TNy circuits and parts at Hazarbous
oosening of a terminal or breaking-of a wire at a termination.

checked by inspection, by migasurement and, where necessary, by the following
is applied to the conductor near its termination point. The conductor shall not
pivot on its terminalto the extent that required cLEARANCE OF CREEPAGE DISTANCES are
the values required in 2.10 (or Annex G).

b of asseSsing compliance it is assumed that:

ndependent fixings will not become loose at the same time; and

— parts fixed by means of screws or nuts provided with self-locking washers or other

means

of locking are not liable to become loose.

NOTE Spring washers and the like can provide satisfactory locking.

Examples of constructions regarded as meeting the requirements include:

— close-fitting tubing (for example, a heat shrink or rubber sleeve), applied over the
wire and its termination;
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— conductors connected by soldering and held in place near to the termination,
independently of the soldered connection;

— conductors connected by soldering and “hooked in” before soldering, provided that
the hole through which the conductor is passed is not unduly large;

— conductors connected to screw terminals, with an additional fixing near to the
terminal that clamps, in the case of stranded conductors, the insulation and not only
the conductors;

— conductors connected to screw terminals and provided with terminators that are

un//kely tU l’JC‘bUIHG flc'c‘ (IIUI (:'Aalll[..ll’c‘, Illlly l'uya bII.III[JGu’ UIIl‘U tl’lb‘ uuuu’uufu1a/‘. -I'-I’Ic'
pivoting of such terminators is considered;

— shorf rigid conductors that remain in position when the terminal screw is loosened;

— wireqwrap terminals used for the connection of setv and Tnv circuiTs that are:
a) provided on equipment that forms part of the TELECOMMUNICATION NETWORK, UD

to and including the demarcation point. and is located in SEAVIGE ACCESS AREAS
only. (This equipment is generally considered Central Office”’Equipment

although it may be deployed elsewhere in similarly controlled environments.
and

b) provided with a quard or cover that prevents unintentional contact durin
normal operation.

3.1.10 Sleeving on wiring

Where sleeving is used as SUPPLEMENTARY INSULATQN On internal wiring, it shall be retained in
position by posftive means.

Compliance is ¢hecked by inspection.
Examples of cqnstructions that are ‘considered to meet the intent of this requirement include:

— sleeving that can be removed only by breaking or cutting of either the wiring or
sleeving;

— sleeving that.is clamped at both ends;

— heat|shrinkable sleeving that tightens against the wire insulation;

— Sleeving that is of such length that it will not slip.

D3

D3
D3
D3
D3
D3

D3
D3
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3.2 Connection to a mains supply

3.2.1 Means of connection

Where equipment is intended to be connected to a standard U.S. or Canadian source of supply
by a power supply cord. the attachment plug shall be rated not less than 125 % of the raTED
current Of the equipment at the nominal system voltage range as defined by the configuration of

the plug.

3.2.1.1 Connection to an a.c. mains supply

For safe and re
the following:

— term

nals for permanent connection to the supply;

— a NON-DETACHABLE POWER SUPPLY CORD fer-permanent-connection-to-the-supply;yor for

connec
NOTE In|
—ana
— ams
Compliance is
3.2.1.2 Conne

For safe and re
the following:

— term

lion to the supply by means of a plug;

many countries, it is a legal requirement to provide a plug that complies with the national/wiring rules.
ppliance inlet for connection of a DETACHABLE POWER SUPPLY“GORD;

ins plug that is part of DIRECT PLUG-IN EQUIPMENT.

checked by inspection.

ction to a d.c. mains supply

liable connection to a pc maINs sureLY, equipment shall be provided with one of

nals for permanent connection to the supply;

— a NON-DETACHABLE POWER SUPPLY CORD fer-permanent-connection-to-the-supply;—or for

connec
— ana

Plugs and appli

lion to the supply by means of a plug;
ppliance inlet\for connection of a DETACHABLE POWER SUPPLY CORD.

ance inlets shall not be of a type that is used for ac mains suppLIES if @ hazard could

be created by 4heir use. Plugs and appliance inlets shall be so designed that reverse polarity

connections ar

prevented if a hazard could be created by such connection.

ot : — i oo F

For equipment intended to be installed in RESTRICTED ACCESS LOcATIONS, it iS permitted for one pole

of the bc maINS s

uppLY to be connected both to an equipment mains input terminal and to the main

protective earthing terminal of the equipment, if any, provided the—eguipment-instatiation
instructions-detail-the-proper-earthing-for-the-system all of the following conditions are met:

— the equipment is intended to connect directly to the point of earthing of the d.c.
system:

D1
D1
D1
D1

D1

D1

D1

D1
D1

D1
D1

NAE

NAE

NAA
NAB
NAE
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— bus bars, bonding jumpers and terminals are provided for the connection of the
equipment earthing conductors and the earthing electrode conductor, by permanent
wiring methods. to one of the d.c. supply conductors. Such hardware shall be
constructed and sized in accordance with the Standard for Switchboards. UL 891, and

Switchgear Assemblies, CSA C22.2 No. 31;

— the d.c. supply conductor may be earthed in more than one piece of equipment if all

the equipment is located in the same immediate area as the point of earthing of the
d.c. system (that is. within the “earthing window”);

— means are provided for connection of the equipment to the d.c. source by

Qel’mal Ullt VV;IiIIH Illcti IU\..IIDI cl IuI 11U Ul;bbullllcbtillg UIGVibG ib iUbdtUu‘ ill ti 1S Ucl.lAl: IUUI u'.u.
circuit gonductor between the point of connection to the supply and the point of
conneclion to the earthing electrode and equipment earthing conductors:

— the dgquipment is marked with instructions or a reference to instructions forproper
earthing and bonding of the system and equipment. The marking shall be permanent
and located near and in plain view of the field wiring terminals and worded-as
indicatgd in Annex NAA for equipment that either:

a) has provisions to connect the earthed conductor of a‘d.c” supply circuit to
the earthing conductor at the equipment or

b) has the earthed conductor of a d.c. supply circuit’connected to the earthin
conductor at the equipment; and

— installation instructions are provided for field asseémbly of earthing and bonding
conductors where the connections are not conventional.

Compliance is ¢hecked by inspection.

3.2.2 Multiple [supply connections

If equipment i provided with more than one supply connection (for example, with different
voltages or frequencies or as backulp power), the design shall be such that all of the following
conditions are et:

— separate means.oficonnection are provided for different circuits; and

— supply plug.eonnections, if any, are not interchangeable if a hazard could be
created by.incorrect plugging; and

— bare parts of an eLv circuiT or parts at HAzarRDous voLTAGES, such as plug contacts, are
not accessible to an opErRATOR When one or more connectors are disconnected.

Compliance is checked by inspection and for accessibility, where necessary, by a test with the
test finger, Figure 2A (see 2.1.1.1).

D1
D1
D1
D1
D1

D1
D1
D1

D1
D1
D1
D1

D1
D1
D1
D1

D1
D1

D1
D1

D1
D1
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3.2.3 Permane

ntly connected equipment

PERMANENTLY CONNECTED EQUIPMENT Shall be provided with either:

— a set

of terminals as specified in 3.3;-or

— & NON-DETACHABLE POWER-SUPPLY-CORD.

PERMANENTLY CONNECTED EQUIPMENT having-a-set-ofterminals shall:

— perm

it the connection of the supply wires after the equipment has been fixed to its

suppor

— bep
connec;

For equipment
cables and con

Conduit and ca
that the introdd
shock, or redug
Q).

Compliance is

L
T ard

ovided with cable entries, conduit entries, knock-outs or glands, which allow
lion of the appropriate types of cables or conduits.

having a RATED CURRENT not exceeding 16 A, the cable entries shall be‘suitable for
duits having an overall diameter as shown in Table 3A.

ble entries and knock-outs for supply connections shall be so designed or located

ction of the conduit and cable does not affect the protection against electric
e CLEARANCES and CREEPAGE DISTANCES below the values speeified in 2.10 (or Annex

Checked by inspection, by a practical installationtest and by measurement.

Table 3A — Sizes of cables and conduits for equipment having a rated current not
exceeding 16 A
Numbers of| conductors, including the Overall diameter
PROTECTIVE EARTHING CONDUCTOR where mm
provided Cable Conduit
2 13,0 16,0 (22,2)
3 14,0 16,0 (22,2)
4 14,5 20,0 (27,8)
5 15,5 20,0 (27.,8)

NOTE In Canad
for terminating no

h and the United\States the dimensions in parentheses are the size of conduit opening required
minal 1/2 inéh*and 3/4 inch trade size conduits.

DE

D1

D1

D1

P.2
NAA
NAE
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3.2.4 Appliance inlets

Appliance inlets shall meet all of the following:

— be so located or enclosed that parts at Hazarbous voLTAGE are not accessible during
insertion or removal of the connector (appliance inlets complying with IEC 60309 or
with IEC 60320 are considered to comply with this requirement); and

— be so located that the connector can be inserted without difficulty; and

— be so located that, after insertion of the connector, the equipment is not supported

b h - £ HH £ Il bl %
yt € gormmector-1ot alty PUSIUUINT UT TIUTTTAl UstT Ul a Tial osulTalt.

Compliance is fhecked by inspection and, for accessibility, by means of the test finger, Figure

2A (see 2.1.1.1)).

NOTE For Switzerlapd, see 3.2.1.1 Note.

3.2.5 Power s

ipply cords

3.2.5.1 AC poyer supply cords

A MAINS SUPPLY (

— if rub
rubberq

— if PV

ord shall be of the sheathed type and comply with thevfollowing as appropriate:

ber sheathed, be of synthetic rubber and not lighter than ordinary tough
heathed flexible cord according to IEC 60245-t(designation 60245 IEC 53);

C sheathed:

e for equipment provided with a NON-DETACHABLE POWER SUPPLY CORD and having a
mass not exceeding 3 kg, be nat lighter than light PVC sheathed flexible cord
according to IEC 60227-1:2007 (designation 60227 IEC 52);

e for equipment provided with a NON-DETACHABLE POWER SsUPPLY corD and having a
mass exceeding 3 Kg, be not lighter than ordinary PVC sheathed flexible cord
according to IEC60227-1:2007 (designation 60227 IEC 53);

NOTE 1 Thereds.n® limit on the mass of the equipment if the equipment is intended for use with a DETACHABLE POWER

SUPPLY CORD,,

e for'equipment provided with a DETACHABLE POWER SUPPLY CORD, be not lighter
than light PVC sheathed flexible cord according to IEC 60227-1:2007

(designation 60227 IEC 52);

* for screened cords of moveasLE EQuIPMENT, the flexing test of 3.1 of IEC
60227-1:2007;

NOTE 2 Although screened cords are not covered in the scope of IEC 60227-1, the relevant flexing tests of IEC
60227-1 are used.

— other types of cords may be used if they have similar or better electro-mechanical
and fire safety properties as above.

P.1

P.1
NAE
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NOTE 3 Where national or regional standards exist, they can be used to show compliance with the above paragraph.

For equipment required to have protective earthing, a PROTECTIVE EARTHING conbucTor shall be
included in the maINs suPpLY cord.

A wmaiNs suppLy cord shall have conductors with a cross-sectional area not less than those
specified in Table 3B.

Compliance is checked by inspection. For screened cords, damage to the screen is acceptable
provided that:

- dUI’II y tl’lc‘ III'GAI.IIy tht t;lG oCICCTI u'uc'a IIUt Illc!r'\c' bUIItabt VV;t;I ally (729} Idubtul, allu’
— after|the flexing test, the sample withstands the appropriate electric strength test
between the screen and all other conductors.
Table 3B - Sizes of conductors
RATED CURRENT of equipment Minimum conductor sizes
A Nominal cross-sectional area | AWG or kemil [cross-sectional
area in mm2]
mm? see Note 2
Up tp and including 6 0,752 18 [0,8]
Over 6 up to pnd including 10 (0,75) ® 1,00 16 [1,3]
Over 10 up tq and including 13 (1,0) ¢ 1,25 16 [1,3]
Over 13 up tq and including 16 (1,0) ¢ 1,5 14 [2]
Over 16 up tq and including 25 25 12 [3]
Over 25 up td and including 32 4 10 [5]
Over 32 up td and including 40 6 8 [8]
Over 40 up td and including 63 10 6 [13]
Over 63 up tq and including 80 16 4 [21]
Over 80 up tq and including 100 25 2 [33]
Over 100 up fo and including 125 35 1 [42]
Over 125 up fo and including 160 50 0 [53]
Over 160 up fo and including 190 70 000 [85]
Over 190 up fo and including 230 95 0000 [107]
Over 230 up o and including 260 120 250 kemil [126]
Over 260 up o and including.300 150 300 kemil [152]
Over 300 up fo and including 340 185 400 kemil [202]
Over 340 up fo and_ifcluding 400 240 500 kemil [253]
Over 400 up fo and including 460 300 600 kemil [304]
NOTE 1 IEC 60320.specifies acceptable combinations of appliance couplers and flexible cords, including those

covered by Footnotes a, b and ¢ above. However, several countries have indicated that they do not accept all of
the values listed in Table 3B, particularly those covered by Footnotes a, b and ¢ above.

NOTE 2 AWG and kcmil sizes are provided for information only. The associated cross-sectional areas, in square
brackets, have been rounded to show significant figures only. AWG refers to the American Wire Gage and the term
“cmil” refers to circular mils where 1 cmil is the area of a circle having a diameter of 1 mil (one thousandth of an
inch). These terms are commonly used to designate wire sizes in North America.

a  For RATED CURRENT up to 3 A, a nominal cross-sectional area of 0,5 mm? is permitted in some countries
provided the length of cord does not exceed 2 m.

b The value in parentheses applies to DETACHABLE POWER SUPPLY CORDS fitted with the connectors rated
10 A in accordance with IEC 60320 (types C13, C15, C15A, and C17) provided that the length of the cord does not

exceed 2 m.

Table 3B — Sizes of conductors Continued on Next Page
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Table 3B — Sizes of conductors Continued

RATED CU

RRENT of equipment Minimum conductor sizes

A Nominal cross-sectional area | AWG or kcmil [cross-sectional
area in mm?]
mm? see Note 2

exceed 2 m.

¢ The value in parentheses applies to DETACHABLE POWER SUPPLY CORDS fitted with the connectors rated
16 A in accordance with IEC 60320 (types C19, C21, and C23) provided that the length of the cord does not

3.2.5.2 DC Power supply cords

A power supply|
and the physicg

Compliance is
3.2.6 Cord anq

For equipment
that

— the @

— the @
It shall not be p
or its conductd
displaced.
For NON-DETACH
construction sh
conductors, the
The cord anch
material comply
anchorage is a
cord, this requir

— cord

— foro

cord for connection to the bc mains suppLy shall be suitable for the voltage, current
|| abuses it is likely to encounter.

Checked by inspection.
thorages and strain relief

vith & NON-DETACHABLE POWER SUPPLY CORD, a cord anchorage shall be supplied such

onnecting points of the cord conductors are relieved-from strain; and
uter covering of the cord is protected from abrasion.
ossible to push the cord back into the equipment to such an extent that the cord

rs, or both, could be damaged or internal parts of the equipment could be

ABLE POWER SUPPLY CORDS CONtaining a PROTECTIVE EARTHING CONDUCTOR, the
all be such that if the cord should slip in its anchorage, placing a strain on
PROTECTIVE EARTHING CONDUCTOR Will be the last to take the strain.

brage shall either be,_ made of insulating material or have a lining of insulating
ing with the requirements for suppLEMENTARY INsuLATION. However, where the cord
bushing that in¢tudes the electrical connection to the screen of a screened power
ement shall not.apply. The construction of the cord anchorage shall be such that:
replacement does not impair the safety of the equipment; and

rdinary replacement cords, it is clear how relief from strain is to be obtained;

and

— the cord is not clamped by a screw which bears directly on the cord, unless the
cord anchorage, including the screw, is made of insulating material and the screw is of
comparable size to the diameter of the cord being clamped; and

— meth
used; a

— the c

ods such as tying the cord into a knot or tying the cord with string are not
nd

ord cannot rotate in relation to the soby of the equipment to such an extent that

mechanical strain is imposed on the electrical connections.
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INTERCONNECTING cABLES shall be provided with strain relief unless strain relief is provided as part
of the equipment. Where disconnection or breaking of wiring at the connections will not result in
a hazard, strain relief need not be provided, for example. in a limited power circuit where
breaking of a connection will not result in a reduction of CREEPAGE DISTANCE OF CLEARANCE.

Compliance is checked by inspection and by applying the following tests that are made with the
type of power supply cord supplied with the equipment.

D1
D1
D1
D1
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The cord is subjected to a steady pull of the value shown in Table 3C, applied in the most
unfavourable direction. The test is conducted 25 times, each time for a duration of 1 s.

During the tests, the power supply cord shall not be damaged. This is checked by visual
inspection, and by an electric strength test between the power cord conductors and accessible
conductive parts, at the test voltage appropriate for REINFORCED INSULATION.

After the tests, the power supply cord shall not have been longitudinally displaced by more than
2 mm nor shall there be appreciable strain at the connections, and cLEARANCES and CREEPAGE
pisTances shall not be reduced below the values specified in 2.10 (or Annex G).

—Tabte-3€—=Physicat-testsonpower-supplycords

Mags (M) of the equipment Pull
kg N

Up to and including 1 30
Ovgr 1 up to and including 4 60

Over 4 100

3.2.7 Protectign against mechanical damage

Power supply ¢ords shall not be exposed to sharp points or cutting edges within or on the
surface of the gquipment, or at the inlet opening or inlet bushing,

The overall sheath of a Non-DETACHABLE POWER suppLy corp @hall continue into the equipment
through any inlet bushing or cord guard and shall extend by at least half the cord diameter
beyond the clamp of the cord anchorage.
Inlet bushings, where used, shall

— be rgliably fixed, and

— not e removable without the€ use of a TooL.

A metallic inlet pushing shall not be-used in a non-metallic ENCLOSURE.

An inlet bushing or cord guard secured to a conductive part that is not protectively earthed shall
meet the requirements for)SUPPLEMENTARY INSULATION.

Compliance is ¢hecked by inspection and measurement.
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3.2.8 Cord guards

A cord guard shall be provided at the power supply cord inlet opening of equipment that has a
NON-DETACHABLE POWER SUPPLY CORD, and which is HAND-HELD EQUIPMENT Or is intended to be moved
while in operation. Alternatively, the inlet or bushing shall be provided with a smoothly rounded
bell-mouthed opening having a radius of curvature equal to at least 150 % of the overall

diameter of the

cord with the largest cross-sectional area to be connected.

Cord guards shall

— be so designed as to protect the cord against excessive bending where it enters the

equipmn
— beo
— be fi

— projg

||t,
insulating material,
ed in a reliable manner, and

ct outside the equipment beyond the inlet opening for a distance of at least five

times the overall diameter or, for flat cords, at least five times the major_overall cross-

section

Compliance is
test with the co

The equipment|
an angle of 45
to the free end
dimension of th

bl dimension of the cord.

checked by inspection, by measurement and, where necessary, by the following
r'd as delivered with the equipment.

is so placed that the axis of the cord guard, whete the cord leaves it, projects at

when the cord is free from stress. A mass eqtial to 10 x D? g is then attached
of the cord, where D is the overall diameteref, or for flat cords, the minor overall
e cord, in millimetres.

If the cord guald is of temperature-sensitive material, the test is made at 23 °C + 2 °C.

Flat cords are bent in the plane of least resistance.

Immediately afft
be less than 1,

or the mass has been attached, the radius of curvature of the cord shall nowhere
b D.
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3.2.9 Supply wiring space

The supply wiring space provided inside, or as part of, the equipment for permanent connection
or for connection of ordinary NON-DETACHABLE POWER suPPLY corp Shall be designed:

— to allow the conductors to be introduced and connected easily; and

— so that the uninsulated end of a conductor is unlikely to become free from its
terminal, or, should it do so, cannot come into contact with:

e an accessible conductive part that is not protectively earthed; or

¢ an accessible conductive part of HAND-HELD EQUIPMENT; and

— to pgrmit checking before fitting the cover, if any, that the conductors are correctly
connecfed and positioned; and

— so that covers, if any, can be fitted without risk of damage to the supply,€onductors
or theirlinsulation; and

— so that covers, if any, giving access to the terminals can be rémoved with a
commoply available TooL.

Compliance is|checked by inspection and by an installation test”with cords of the largest
cross-sectionallarea of the appropriate range specified in 3.3.4:

3.3 Wiring terminals for connection of external conductors

3.3.1 Wiring t¢rminals

PERMANENTLY CONNECTED EQUIPMENT and equipment\with ordinary NON-DETACHABLE POWER SUPPLY CORDS
shall be provided with terminals in which ‘cennection is made by means of screws, nuts or
equally effectiv¢ devices (see also 2.6.4):

Compliance is ¢hecked by inspection.

NAE
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3.3.2 Connect

For equipment

ion of non-detachable power supply cords

with special NON-DETACHABLE POWER SUPPLY CORDS, the connection of the individual

conductors to the internal wiring of the equipment shall be accomplished by any means that will
provide a reliable electrical and mechanical connection without exceeding the permitted
temperature limits while the equipment is operated under NorRMAL LOAD (see also 3.1.9).

Compliance is checked by inspection and by measuring the temperature of the connection which
shall not exceed the values of 4.5.3, Table 4B.

3.3.3 Screw terminals

Screws and nu

s that clamp external mains suppLy conductors shall have a thread conforming to

ISO 261 or ISQ 262, or a thread comparable in pitch and mechanical strength (for example,

unified threads

. The screws and nuts shall not serve to fix any other component, except that

they are permitted also to clamp internal conductors provided that the internal conductors are
so arranged that they are unlikely to be displaced when fitting the supply conductors. For
protective earthing terminals and protective bonding terminals, see also 2.6.4.2.

The terminals gf a component (for example, a switch) built into the equipment.are permitted for
use as terminals for external mains suppLy conductors, provided that they comply with the

requirements o
Compliance is
3.3.4 Conduct

Terminals shal

3.3.
checked by inspection.
or sizes to be connected

allow the connection of conductors having nominal cross-sectional areas as

shown-in—Tablet3D in_accordance with Annex NAE.

Where heavier

Compliance is

gauge conductors are used, thelierminals shall be sized accordingly.

checked by inspection, by~measurement and by fitting cords of the smallest and

largest cross-séctional areas of the apprepriate range shoewn-in—-TFable-3D.

NAE
NAE
D1
D1
D1
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3.3.5 Wiring terminal sizes

Pillar, stud or s
Compliance is

Table 3E -

checked by inspection and measurement.

conductors 2

crew type terminals shall comply with the minimum sizes in Table 3E.

Sizes of terminals for mains supply conductots and protective earthing

Smaller of the Conductor size | Minimum nominal thread diameter Area of cross section
RATED mm? mm mm?
CURRENT of thel Pillar type or Screw type P Pillar type or Screw type P
equipment or stud type stud type
the
PROTECTIVE
CURRENT
RATING of the
circuit under
consideration
A5
up to and
including
10 1 3,0 3,5 7 9,6
16 15 3,5 4,0 9,6 12,6
25 2,5 4,0 5,0 12,6 19,6
32 4 4,0 5,0 12,6 19,6
40 6 5.0 5.0 19.6 19.6
63 10¢ 6,0 6,0 28 28
80 16°¢ 7,9 7,9 49 49

2.6.4.2.

2 This table is also used for the sizes of terminals for PROTECTIVE BONDING CONDUCTORS if specified in

b ”Screw type” refers to a terminal that clamps the conductor under the head of a screw, with or without a washer.

¢ As an alternative to the requirements of this table, the protective earthing conductor may be attached to special
connectors, or suitable clamping means (for example, an upturned spade or closed loop pressure type; clamping
unit type; saddle clamping unit type; mantle clamping unit type; etc.) that is secured by a screw and nut mechanism
to the metal chassis of the equipment. The sum of the cross-sectional areas of the screw and the nut shall not be
less than three times the cross-sectional area of the conductor size in Table 2D or Table 3B as applicable. The

terminals shall comply with IEC 60998-1 and IEC 60999-1 or IEC 60999-2.

D1

D1

D1

D1
D1
D1
D1
D1
D1
D1
D1
D1

D1

D1
D1
D1
D1
D1
D1
D1
D1
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3.3.6 Wiring terminal design

Wiring terminals shall be so designed that they clamp the conductor between metal surfaces
with sufficient contact pressure and without damage to the conductor.

Terminals shall

be so designed or located that the conductor cannot slip out when the clamping

screws or nuts are tightened.

Terminals shall

be provided with appropriate fixing hardware for the conductors (for example,

nuts and washers).

Terminals shal
loosened, all off

— the t

inter

— CLEAH
2.10 (o

Compliance is
3.3.7 Groupin
For ordinary n
associated Ac M
protective earth
For ordinary
associated pc N
be located in p

instructions det

Compliance is

be so fixed that, when the means of clamping the conductor is tightened of
the following apply:

erminal itself does not work loose; and
hal wiring is not subjected to stress; and

ANCES and CREEPAGE DISTANCES are not reduced below the valués specified in
- Annex G).

Checked by inspection and measurement.

j of wiring terminals

DN-DETACHABLE POWER SUPPLY CORDS and for-PERMANENTLY CONNECTED EQUIPMENT, all
AINS suppLY terminals shall be located in proximity to each other and to the main
ing terminal, if any.

DN-DETACHABLE POWER SUPPLY CORDS) and for PERMANENTLY CONNECTED EQUIPMENT, all
AINS suppLy terminals shall be(located in proximity to each other. They need not
oximity to the main protective earthing terminal, if any, provided the installation

hil the proper earthing of.the system.

checked by inspection.

NAA
NAE
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3.3.8 Stranded wire

The end of a stranded conductor shall not be consolidated by soft soldering at places where the

conductor is su

bject to contact pressure unless the method of clamping is designed so as to

reduce the likelihood of a bad contact due to cold flow of the solder.

Spring terminals that compensate for the cold flow are deemed to satisfy this requirement.

Preventing the clamping screws from rotating is not considered to be adequate.

Terminals shall

be located, guarded or insulated so that, should a strand of a flexible conductor

escape when tt
strand and

— acce|

— unedgq
SUPPLEM

Compliance is

1 & O 1FTY () H IHIWH) (4 HR| | " ) " 1
C CUTNUUCLUT 1S Ty, ticic 1S5 TTU TTATHTTOUU UT aCLUIUCTILAl LUTTIAUL DTIWCCTITT SULUIT Ad

5sible conductive parts, or

rthed conductive parts separated from accessible conductive parts by
ENTARY INSULATION only.

Checked by inspection and, unless a special cord is preparedhin such a way as

to prevent the ¢scape of strands, by the following test.

A piece of insu|
having the app
free and the ot

Without tearing
making sharp B

If the conducto
accessible or i
equipment, an,
SUPPLEMENTARY IN

If the conducto
HAZARDOUS VOLTA

ation approximately 8 mm long is removed from the“end of a flexible conductor
fopriate nominal cross-sectional area. One wire of. thé stranded conductor is left
ner wires are fully inserted into, and clamped inxthe terminal.

the insulation back, the free wire is bent.n‘évery possible direction, but without
ends around the guard.

[ is at HAzARDOUS VOLTAGE, the free wire shall not touch any conductive part that is
connected to an accessible egnductive part or, in the case of DOUBLE INSULATED
y conductive part that is éeparated from accessible conductive parts by
SULATION only.

I is connected to an\earthing terminal, the free wire shall not touch any part at
GE.
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3.4 Disconnection from the mains supply P.1
3.4.1 General requirement

A disconnect device or devices shall be provided to disconnect the equipment from the wmains
suppLy for servicing.

NOTE Instructions may be provided to allow servicing parts of the equipment with or without opening the disconnect device.

Compliance is checked by inspection.

3.4.2 Disconnectdevices NAE

For equipment intended to be powered from an ac mains suppLy that is Overvoltage Category,
Overvoltage Category Il or Overvoltage Category lll, or from a pc mains suppLy that js at a
HAZARDOUS VOLTABE, a disconnect device shall have a contact separation of at least 3 mm. For an
AC MAINS suppLY That is Overvoltage Category 1V, refer to IEC 60947-1.

For equipment jntended to be powered from a pc mains suppLy that is not at a HAZARDOUS VOLTAGE,
a disconnect dgvice shall have a contact separation at least equal to the minimum cLEARANCE for
BASIC INSULATION.

NOTE For a bc maing|suppLy, additional measures may be necessary to prevent arcing in the dis€onnect device, depending on the circuit.

If a disconnect| device is incorporated in the equipment, it shall be connected as closely as
practicable to the incoming supply.

Functional switthes are permitted as disconnect devicesprovided that they comply with all the
requirements fgr disconnect devices. However, these*requirements do not apply to functional
switches where| other means of isolation are provided.

The following types of disconnect devices dre-permitted:

— the Mains suppLy plug on the pewer supply cord;

a MaINs suppLy plug that'is part of DIRECT PLUG-IN EQUIPMENT;

— an appliance coupler;

an isplating.switch;

a cir¢uit-breaker;

— for a bc mains suppLy that is not at a Hazarbous voLTAGE, a removable fuse, provided
that it is accessible only to a ServICE PERSON;

— any equivalent device.

Compliance is checked by inspection.


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

MARCH 27, 2007

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

165

3.4.3 Permanently connected equipment

For PERMANENTL

Y CONNECTED EQUIPMENT, the disconnect device shall be incorporated in the

equipment, unless the equipment is accompanied by installation instructions in accordance with
1.7.2.1, stating that an appropriate disconnect device shall be provided external to the

equipment.

NOTE External disconnect devices will not necessarily be supplied with the equipment.

Compliance is checked by inspection.

3.4.4 Parts wh
Parts on the su
the disconnect
accidental cont

Compliance is

fehremain-energized
pply side of a disconnect device in the equipment which remain energized whéen
device is switched off shall be guarded so as to reduce the likelihood” of

hct by a SERVICE PERSON.

checked by inspection.

3.4.5 Switches in flexible cords

Isolating switch
Compliance is
3.4.6 Number

A disconnect d
simultaneously,

— if it ig
SUPPLY,
disconr

— if it i
MAINS SU
provide
that a t

NOTE Some examp|
conductor in the maINS|

es shall not be fitted in flexible cords.
Checked by inspection.
of poles — single-phase and d.c. equipment

evice, if provided in or as part of the \equipment, shall disconnect both poles
except that

possible to rely on the identification of the earthed conductor in the bc mains
or an earthed neutral in an Ad-mains supPLY, it is permitted to use a single-pole
ect device that disconnects:the unearthed (line) conductor, or

not possible to relyton’the identification of the earthed conductor in the pc
PPLY, Or an earthédyneutral in an ac mains suppLy, and the equipment is not
d with a two-paéle) disconnect device, the installation instructions shall specify
vo-pole diseonnect device is to be provided external to the equipment.

es of cases.where a two-pole disconnect device is required (because identification of an earthed current-carrying

SUPPLY iStnot possible) are:

- on eqw

brhent supplled from an IT power system

or plug |tself is used as the disconnect dewce)
— on equipment supplied from a socket-outlet with unidentified or indeterminate polarity.

Compliance is checked by inspection.
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3.4.7 Number

For three-phas

of poles — three-phase equipment

e equipment, the disconnect device shall disconnect simultaneously all line

conductors of the Ac MAINS SUPPLY.

For equipment requiring a neutral connection to an IT power distribution system, the disconnect
device shall be a four-pole device and shall disconnect all line conductors and the neutral
conductor. If this four-pole device is not provided in the equipment, the installation instructions
shall specify the need for the provision of the device external to the equipment.

If a disconnect

device interrupts the neutral conductor, it shall simultaneously interrupt all line

conductors.

Compliance is

Checked by inspection.

3.4.8 Switcheg as disconnect devices

Where the disd
positions shall

Compliance is

onnect device is a switch incorporated in the equipment, its “ON~and "OFF”
be marked in accordance with 1.7.8.

Checked by inspection.

3.4.9 Plugs aq disconnect devices

Where a plug
instructions sh4

Compliance is
3.4.10 Interco

Where a group
it is possible fo
disconnect dev
the unit under g
appropriate wa
adequate instry

Compliance is

on the power supply cord is used as the diseennect device, the installation
Il comply with 1.7.2.1.

Checked by inspection.
nnected equipment

pf units having individual supply connections is interconnected in such a way that
HAZARDOUS VOLTAGE OF HAZARDOUS ENERGY LEVELS t0 be transmitted between units, a
ce shall be provided to disconnect hazardous parts likely to be contacted while
onsideration is being serviced, unless these parts are guarded and marked with
ning labels. In addition a prominent label shall be provided on each unit giving
ctions for the removal of all such power from the unit.

Checked_by-inspection.

NAE
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3.4.11 Multiple power sources NAE
Where a unit receives power from more than one source (for example, different voltages or

frequencies or as backup power), there shall be a prominent marking at each disconnect device

giving adequate instructions for the removal of all power from the unit.

If the disconnect device is not in the equipment, the marking shall be on the equipment and

located close to the mains input terminals.

Compliance is checked by inspection.

3.5 Interconnectionof-equipment

3.5.1 General requirements NAE

Where an equ
accessory or to
continued confq
2.3 for Tnv circl
NOTE 1 This is norr

Additionally, se
limit the risk of

NOTE 2 It is permit

CIRCUIT, TNV CIRCUIT, ELV|
Compliance is
3.5.2 Types of
Each interconn
— an st
— aTN
— a HAZ

Except as perm

pment is intended to be electrically connected to another equipment; to an
a TELECOMMUNICATION NETWORK, interconnection circuits shall be selectedto provide
rmance to the requirements of 2.2 for seLv circuits, and with the reguirements of
ITs, after making connections.

hally achieved by connecting seLv circuiTs to SELV CIRcuITs, and TNV CIRCUITS tO TNV CIRCUITS.

v circuits of data ports for connection to other equipment or accessories shall
fire in the connected equipment as specified in 3%6.4:

ed for an INTERCONNECTING CABLE to contain more than one type of\Circuit (for example, SELV CIRCUIT, LIMITED CURRENT
CIRCUIT OF HAZARDOUS VOLTAGE Circuit) provided that they are separated as required by this standard.

checked by inspection.
interconnection circuits
bction circuit shall be one“ofthe following types:
LV CIRCUIT O @ LIMITED\\CURRENT CIRCUIT, Or
-1 CIRCUIT, TNV-2\CIRCUIT OI' TNV-3 CIRCUIT, Or
ARDOUS VOWTAGE Circuit.

itted in 3.5.3, interconnection circuits shall not be ELv circuiTs.

Compliance is checked by inspection.
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3.5.3 ELV circuits as interconnection circuits

Where additional equipment is specifically complementary to the host (first) equipment (for
example, a collator for a copying machine) eLv circuits are permitted as interconnection circuits
between the equipments, provided that the equipments continue to meet the requirements of

this standard when connected together.

Compliance is checked by inspection.

3.5.4 Data ports for additional equipment

To limit the risk|
keyboard, DVD
such equipmer
requirement do

NOTE It is recommg]
to 8 A at 100 VA, the

Compliance is
4 Physical rec
4.1 Stability

Under conditior]
degree that the

If units are des
individual unit i

Uf fiIU ill all o.u'u'itim |a: U\.{uiplllcllt Ul abbcbawy (fUI UAaIIIp:U, a sudllrict, Troustc,
drive, CD ROM drive or joystick), seLv circuits of a data port for connection of
t shall be supplied by a limited power source that complies with 2.5. This
s not apply if it is known that the additional equipment complies with 4.7.

hded that manufacturers of accessories and their INTERCONNECTING cABLES include protection against fatlt currents up
maximum available from a limited power source in compliance with Table 2B.

Checked by inspection and, if necessary, by test.

uirements

s of normal use, units and equipment shall not\become physically unstable to the
y could become a hazard to an oPERATOR@KH0 @ SERVICE PERSON.

gned to be fixed together on site and not used individually, the stability of each
5 exempt from the requirements of-4:1.

The requirements of 4.1 are not applicabletif<the installation instructions for a unit specify that

the equipment

Under conditior
when drawers,

During operatio
be automatic in
the stabilizing n

s to be secured to the building structure before operation.

s of oPERATOR USE, a 'stabilizing means, if needed, shall be automatic in operation
doors, etc., are apened.

ns performed by a service PERsON, the stabilizing means, if needed, shall either
operationsor a marking shall be provided to instruct the service person to deploy
heans:

Compliance is

checked by the following tests, where relevant. Each test is conducted

separately. During the tests, containers are to contain the amount of substance within their rated
capacity producing the most disadvantageous condition. All castors and jacks, if used in normal
operation, are placed in their most unfavourable position, with wheels and the like locked or
blocked. However, if the castors are intended only to transport the unit, and if the installation
instructions require jacks to be lowered after installation, then the jacks (and not the castors) are
used in this test; the jacks are placed in their most unfavourable position, consistent with
reasonable levelling of the unit.
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— A unit having a mass of 7 kg or more shall not fall over when tilted fo an angle of
10° from its normal upright position. Doors, drawers, etc., are closed during this test. A
unit provided with multi-positional features shall be tested in the least favourable
position permitted by the construction. Alternatively, the unit is placed in its intended
position of use on a plane, inclined at an angle of 10 ° to the horizontal, and then

rotated

slowly through an angle of 360 ° about its normal vertical axis.

NOTE It could be the plane being turned around or the plane could be stationary and the equipment is rotated.

- A flo

or-standing unit having a mass of 25 kg or more shall not fall over when a

force equal to 20 % of the weight of the unit, but not more than 250 N, is applied in

any dir
drawer.
PERSON,
instruct

— A flg
appliea
by at le
closed
having
applieq
tool ne
curved

4.2 Mechanics
4.2.1 General

Equipment sha

,bl‘l'UII c'/(uc'pf upwai u'a, af [=} I’Ic‘l’yl’ll‘ IIUt c'}(b(:‘(:'u’l‘lly 2 T flUlIl tl’lc‘ fl’UUl. DUUID

5, etc. which may be moved for servicing by the operaTOR Or by a service

are placed in their most unfavourable position, consistent with the installation
jons.

pr-standing unit shall not fall over when a constant downward force 9,800 N is
at the point of maximum moment to any horizontal surface of atdeast 125 mm
ast 200 mm, at a height up to 1 m from the floor. Doors, drawers) efc., are
during this test. The 800 N force is applied by means of a stitable test tool

a flat surface of approximately 125 mm by 200 mm. The downward force is
with the complete flat surface of the test tool in contact ‘with the EUT; the test
bd not be in full contact with uneven surfaces (for example, corrugated or
surfaces).

| strength

| have adequate mechanical strengih and shall be so constructed that no hazard

is created in th¢ meaning of this standard wher.subjected to handling as may be expected. For

additional requi

Mechanical strg
meet the requir

A MECHANICAL EN
of failure or for

Compliance is
necessary, by 1

rements for rack-mounted eguipment, see Annex DD.

ngth tests are not required on an internal barrier, screen or the like, provided to
ements of 4.6.2, if the EncLosure provides mechanical protection.

cLosURE shall be sufficiently complete to contain or deflect parts, which because
other reasons; might become loose, separated or thrown from a moving part.

checked’ by inspection of the construction and available data and, where
he relevant tests of 4.2.2 to 4.2.7 as specified.

The tests are not applied to handles, levers, knobs, the face of cathode ray tubes (see 4.2.8) or
to transparent or translucent covers of indicating or measuring devices, unless parts at Hazarpous
VOLTAGE are accessible by means of the test finger, Figure 2A (see 2.1.1.1), if the handle, lever,
knob or cover is removed.

During the tests of 4.2.2, 4.2.3 and 4.2.4, earthed or unearthed conductive encLosures shall not

bridge parts be

tween which a Hazarbous ENERGY LEVEL exists and shall not contact a bare part at

HAZARDOUS VOLTAGE. For voltages exceeding 1 000 V a.c. or 1 500 V d.c., contact is not permitted

and there shall

be an air gap between the part at Hazarpous voLTAGE and the encLosure. This air

gap shall either have a minimum length equal to the minimum cLearance specified in 2.10.3 (or
Annex G) for Basic INsuLATION or withstand the relevant electric strength test in 5.2.2.

P.1
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After the tests
2.1.1, 26.1, 2.
safety features

of 4.2.2 to 4.2.7, the sample shall continue to comply with the requirements of
10, 3.2.6 and 4.4.1. It shall show no signs of interference with the operation of
such as THERMAL cuT-oUTs, overcurrent protection devices or interlocks. In case of

doubt, sSUPPLEMENTARY INSULATION Of REINFORCED INSULATION IS subjected to an electric strength test as
specified in 5.2.2.

Damage to finish, cracks, dents and chips are disregarded if they do not adversely affect safety.

NOTE If a separate encLosure or part of an encLosuRE is used for a test, it may be necessary to reassemble such parts on the equipment

in order to check com,

4.2.2 Steady f

Components a
Subjected to a

Wire-wrap term

4)_prov

includir]
equipmn

pliance.

pree-test—

o
UV IN

hd parts, other than parts serving as an eEncLosURE (see 4.2.3 and 4.2.4),.are
steady force of 1I0 N+ 1 N.

inals_used for the connection of seLv_ and 1nv circuits that are:

ided on equipment that forms part of the TeLEcommunicATION NETWERK, Uup to and
g the demarcation point, and is located in service AcceEss AREAS.ONIY (This
ent is generally considered Central Office Equipment, although it may be

deployed elsewhere in similarly controlled environments.); and

b) proy
operati

are tested with|
Compliance crii
4.2.3 Steady f
Parts of an encl
meeting the red
5 s, applied by

to the part on ¢

Compliance crii

ided with a guard or cover that prevents unintentional contact during normal
oJi]

a steady force of 25 N+ 0.25 N.

eria are in 4.2.1.

brce test, 30 N

OSURE located in an oPERATOR ACCESS AREA, Which are protected by a cover or door
juirements of 4.2.4, are ‘subjected to a steady force of 30 N +3 N for a period of
means of a straight ‘unjointed version of the test finger, Figure 2A (see 2.1.1.1),

r within the equipment.

eria are in 4.2.1.

D3

D3
D3
D3
D3

D3
D3

D3
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4.2.4 Steady force test, 250 N

External EncLos
in turn to the t

URES are subjected to a steady force of 250 N + 10 N for a period of 5 s, applied
op, bottom and sides of the encLosure fitted to the equipment, by means of a

suitable test tool providing contact over a circular plane surface 30 mm in diameter. However,
this test is not applied to the bottom of an encLosure of equipment having a mass of more than

18 kg.

Compliance criteria are in 4.2.1.

4.2.5 Impact test

Except for equ
would give acc

A sample cons
unreinforced af
50 mm in diam
a vertical distan
from this test.)

In addition, the
horizontal imp4
sample. (Horizd
about each of i

The bottoms off

joment identified in 4.2.6, external surfaces of encLosures, the failure of whigh
pSs to hazardous parts, are tested as follows.

isting of the complete encLosure or a portion thereof representing the-largest
pa, is supported in its normal position. A solid smooth steel ball, approximately
pter and with a mass of 500 g + 25 g, is permitted to fall freely from;rest through
ce (H) of 1,3 m (see Figure 4A) onto the sample. (Vertical surfaces are exempt

steel ball is suspended by a cord and swung as a pendulum in order to apply a
ct, dropping through a vertical distance (H) of 1,34am(see Figure 4A) onto the
ntal surfaces are exempt from this test.) Alternatively, the sample is rotated 90°
Is horizontal axes and the ball dropped as in the vertical impact test.

ENCLOSURES are also tested if the user instruetions permit an orientation in which

the bottom of the encLosure becomes the top or a side\of the ENCLOSURE.

The impact tes
— the fi
— the g

— the 3
IN, that

— afla

is not applied to the following:
hce of a cathode ray tube (see 4.2.8);
laten glass of equipmentfor example, on a copying machine);

urface of the ENCLOSURE Of STATIONARY EQUIPMENT, Including EQUIPMENT FOR BUILDING-
s inaccessible\and protected after installation:

panel display

e having a surface area of glass not exceeding 0,1 m? or with a major

dimension not exceeding 450 mm; or

e made of laminated glass; or
NOTE Laminated glass includes constructions such as plastic film affixed to a single side of the glass.

e that has been evaluated and complies with 19.5 of IEC 60065.

Compliance criteria are in 4.2.1.
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I
Steel ball |
start |
position :
[ Steel ball
! start
: position
J |
| Steel ball \§ !
| impact \x: |
H : position 2 :
i / \g i \
| = | \\ _
Je z |
- + \8_ | \\ /// H
- EN ! i
. _—
Test \g Test B Steel ball
Eample \n: sample impact
position
// R§id/su/p gﬁry jur/(oce/ / \ Rigid supporting surface
o AN IR

Figure 4A — Impact test using a steel ball

4.2.6 Drop test

The following efyuipment is subjected to a drop test:

HAND{HELD EQUIPMENT;

— DIREC|I PLUG-IN EQUIPMENT;

TRANYPORTABLE EQUIPMENT,

deskiop equipment having a mass of 5 kg or less that is intended for use with any
one of the following:

¢ a cord-connected telephone handset, or

e _another cord-connected-hand-held accessony with-an-acoustic function,—or
* a headset;

— MOVABLE EQUIPMENT requiring lifting or handling by the user as part of its intended use.
NOTE An example of such equipment is a paper shredder that rests on a waste container, requiring its removal to empty the container.
To determine compliance, a sample of the complete equipment is subjected to three impacts

that result from being dropped onto a horizontal surface in positions likely to produce the most
adverse results.
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The height of the drop shall be:

— 750 mm = 10 mm for desk-top equipment as described above;

— 750 mm £+ 10 mm for movasLE EquiPMENT as described above;

— 1000 mm + 10 mm for HAND-HELD EQUIPMENT, DIRECT PLUG-IN EQUIPMENT and
TRANSPORTABLE EQUIPMENT.

The horizontal surface consists of hardwood at least 13 mm thick, mounted on two layers of

plywood each 1

8 mm £ 2 mm thick, all supported on a concrete or equivalent non-resilient floor.

Compliance cri

eria are in 4.2.1.

4.2.7 Stress relief test

ENCLOSURES Of
shrinkage or dlis
or forming ope

noulded or formed thermoplastic materials shall be so constructédythat any
tortion of the material due to release of internal stresses caused by-the moulding
fation does not result in the exposure of hazardous parts or in‘the reduction of

CLEARANCES Or CREEPAGE DISTANCES below the values specified in 2.10 (or Annex G).

Compliance is
procedure des
where appropri

One sample cg
any supporting
the maximum t
70 °C, for a pe
With the concu
For large equip
use a portion o
and shape, inc

NOTE Relative hum

If the above tes

checked by the mould stress relief test of IEC 60695-10-3, or by the test
bribed below, or by the inspection of the construction and the available data
ate.

nsisting of the complete equipment, or of théscomplete encLosure together with
framework, is placed in a circulating air eyen at a temperature 10 K higher than
bmperature observed on the encLosure during the test of 4.5.2, but not less than
iod of 7 h, then permitted to cool to goom temperature.

'rence of the manufacturer, it ispermitted to increase the above time duration.
ment where it is impractical-to condition a complete encLosure, it is permitted to
F the EncLosURE representative of the complete assembly with regard to thickness
Lding any mechanical support members.

dity need not be maintajned at a specific value during this test.

t is conducted, the compliance criteria of 4.2.1 apply.
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4.2.8 Cathode ray tubes P2

If a cathode ray tube having a maximum face dimension exceeding 160 mm is included in the
equipment, either the cathode ray tube or the encLosure with the cathode ray tube correctly
installed shall comply with the requirements of Clause 18 of IEC 60065 for mechanical strength
of cathode ray tubes.

NOTE Clause 18 of IEC 60065 requires cathode ray tubes either to pass the tests specified in 18.1 or to comply with IEC 61965. In the
future amendment 2 to IEC 60065:2001, anticipated for 2006 at the earliest, it is intended that intrinsically-protected cathode ray tubes
will be required to comply with IEC 61965, with no option as presently permitted in the seventh edition. The test now in 18.3 of IEC 60065
will continue to apply to non-intrinsically-protected tubes, which are not in the Scope of IEC 61965.

Compliance is|checked by inspection, by measurement and, if necessary, by the relevant
requirements apd tests of Clause 18 of IEC 60065.

4.2.8.1 Cathode ray tube enclosure D2

To reduce the|risk of injury that can result from implosion of a cathode ray ¢ube having a D2
minimum diameéter of 160 mm or equivalent face area, the projected area of any bpening in the D2
top. back. sides or front of the enciosure onto a plane perpendicular to a line/passing through D2
the centre of thé opening and any point on the central axis of the bulb sectiott of the picture tube D2
shall not exceed 129 mm? unless the minor dimension of the projected-area is not more than D2
9.5 mm. The cdthode ray tube enclosure opening is illustrated in Eigure 4A1. D2

Compliance is ¢hecked by inspection and measurement. D2



https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

MARCH 27, 2007

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

175

PROJECTED AREA \
7~

7
A -

s -

ENCLOSURE OPENING e
_ PLANE ——
7
PICTURE TUBE /
N/ -~
7

CENTRAL AXIS
ENCLOSURE

Figure 4A1 — Cathode ray tube enclosure opening

SB0758

4.2.9 High prejssure lamps

The MECHANICAL

ENcLosURE of a high pressure lampshall have adequate strength to contain an

explosion of thg¢ lamp so as to reduce the likelihood of harm to an oreraTOR Or person near the

equipment duri

For the purpos
exceeds 0,2 M

Compliance is

NOTE 2.10.3.5 may

g normal use or OPERATOR Servieing.

e of this standard, a “high pressure lamp” means one in which the pressure
Pa when cold or 0,4 MPa when operating.

checked by inspection.

also apply in,some cases.

D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2

NAA
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4.2.10 Wall or ceiling mounted equipment
The mounting means of equipment intended for wall or ceiling mounting shall be adequate.

Compliance is checked by inspection of the construction and of available data, or where
necessary, by the following test.

The equipment is mounted in accordance with the installation instructions. A force, in addition to
the weight of the equipment, is applied downwards through the centre of gravity of the
equipment, for 1 min. The additional force shall be equal to three times the weight of the
equipment but not less than 50 N. The equipment and its associated mounting means shall
remain secure glurimgthe-test—Afterthetesttheequipment inctudinganyassociatedmounting

plate, shall not|be damaged.

4.3 Design anfl construction
4.3.1 Edges and corners

Where edges dr corners could be hazardous to oreraTors because of location 'ép application in
the equipment, |they shall be rounded or smoothed.

This requiremept does not apply to edges or corners that are required for proper functioning of
the equipment.

Compliance is ¢hecked by inspection.
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4.3.2 Handles

and manual controls

Handles, knobs, grips, levers and the like shall be reliably fixed so that they will not work loose

in normal use,

if this might create a hazard. Sealing compounds and the like, other than

self-hardening resins, shall not be used to prevent loosening.

If handles, knobs and the like are used to indicate the position of switches or similar

components, it

shall not be possible to fix them in a wrong position if this might create a hazard.

Compliance is checked by inspection, by manual test and by trying to remove the handle, knob,
grip or lever by applying for 1 min an axial force as follows.

If the shape of
force is:

— 15N
- 20 N
If the shape is
- 30N
- 50N

A handle or ha

times the weigh
of the product f

Compliance is

a 75 mm length
increased so th

value for 1_min|

percentage of |

carrying positio
but can be car

based on the (g

these parts is such that an axial pull is unlikely to be applied in normal use, the

for the operating means of electrical components; and
in other cases.

such that an axial pull is likely to be applied, the force is:
for the operating means of electrical components; and

in other cases.

ndles intended to support more than 9.0 kg shall be capable of supporting four

t of the product without breakage of the handle, its securing means, or that part
p which the handle is attached.

Determined by applying a force in-the intended carrying direction uniformly over
at the centre of the handle. Staiting at zero, the applied force shall be gradually
at the required test value is attained in 5 — 10 s and then maintained at the test

If more than one handle\is-provided, the test force shall be determined by the
he product weight sustained by each handle with the product in the intended
h. If a product weighing'less than 25.0 kg is provided with more than one handle
tied by only one(handle, each handle shall be capable of withstanding a force
tal weight of the product.

D2
D2
D2

D2
D2
D2
D2
D2
D2
D2
D2
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4.3.3 Adjustable controls

Equipment shal

| be so constructed that manual adjustment of a control device, such as a device

for selection of different ac mains suppLY voltages, requires the use of a TooL if incorrect setting or
inadvertent adjustment might create a hazard.

NOTE Marking requirements for supply voltage adjustment are in 1.7.4.

Compliance is checked by manual test.

4.3.4 Securing of parts

Screws, nuts, W
stresses occurr

ashers, springs or similar parts shall be secured so as to withstand mechanical
ng in normal use if loosening would create a hazard, or if CLEARANCES Or CREEPAGE

DISTANCES for SULPLEMENTARY INSULATION OF REINFORCED INSULATION would be reduced to less thanithe

values specifie
NOTE 1 Requireme

Compliance is

For the purpos

in 2.10 (or Annex G).
ts regarding fixing of conductors are in 3.1.9.
Checked by inspection, by measurement and by manual test:

b of assessing compliance:

— it is §ssumed that two independent fixings will not becomeé loose at the same time;

and

— it is §gssumed that parts fixed by means of screws or nuts provided with self-locking

washer
NOTE 2 Spring was|
4.3.5 Connect
Within a manuf
by a service p
misconnection.
used for seLv ¢

only to a servic

Compliance is

s or other means of locking are not liableto become loose.

hers and the like can provide satisfactory lockings

on by plugs and sockets

pcturer’s unit or system,~plugs and sockets likely to be used by the oreraToR or
ERsON shall not be_employed in a manner likely to create a hazard due to
In particular, cogngctors complying with IEC 60083 or IEC 60320 shall not be
RcuiTs or TNV clrcuits. Keying, location or, in the case of connectors accessible

E PERSON, clearsmarkings are permitted to meet the requirement.

Checked.by inspection.

P2

P.1
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4.3.6 Direct plug-in equipment P.1

DIRECT PLUG-IN EQUIPMENT shall not impose undue stress on the socket-outlet. The mains plug part
shall comply with the standard for the relevant mains plug.

Compliance is checked by inspection and, if necessary, by the following test.

The equipment is inserted, as in normal use, into a fixed socket-outlet of a configuration as
intended by the manufacturer, which can be pivoted about a horizontal axis intersecting the
centre lines of the contacts at a distance of 8 mm behind the engagement face of the
socket-outlet. The additional torque that has to be applied to the socket-outlet to maintain the

H e wiH L L L LL b Lo O~ AL
engagement fage-imtheverticat ptarme—shatt-motexceed-0;25-~N—nm

NOTE 1 In Australiajand New Zealand, compliance is checked in accordance with AS/NZS 3112.

NOTE 2 In the Unitgd Kingdom, the torque test is performed using a socket-outlet complying with BS 1363, and the plug-paft of birRecT
PLUG-IN EQUIPMENT shall[be assessed to the relevant clauses of BS 1363.

4.3.7 Heating plements in earthed equipment

Heating elements in equipment that is earthed for safety purposes shallbe& protected so that,
under earth fadlt conditions, a fire hazard due to overheating is prevented. In such equipment,
temperature sepsing devices, if provided, shall be located in all lime,eonductors supplying the
heating elemenis.

The temperatute sensing devices shall also disconnect the™neutral conductor for each of the
following cases

a) in equuipment supplied from an IT power dijstribution system;

b) in rpduceasLE EQuiPMENT supplied through a reversible appliance coupler or a
reversibple plug;

¢) in equipment supplied from a-socket-outlet with indeterminate polarity.

In cases b) and c), it is permitted\to meet this requirement by connecting a THERMOSTAT in one
conductor and f THERMAL cuT-ouT)in the other conductor.

It is not requirefl to discomnect the conductors simultaneously.

Compliance is ¢hecked by inspection.
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4.3.8 Batteries

NOTE 1

Requirements for markings or instructions are given in 1.7.13.

NOTE 2 Requirements for overcurrent protection are given in 3.1.1 and 5.3.1.

NOTE 3 Requirements for stationary batteries (such as large secondary batteries installed in a fixed installation and external to the

equipment) are given

in IEC 60896-21, IEC 60896-22 and EN 50272-2.

Portable secondary sealed cells and batteries (other than button) containing alkaline or other
non-acid electrolyte shall comply with either (a) IEC 62133 and applicable parts of Annex M of

IEC 62368-1, FdittorrNo—2ortbytt—2654and=4-38-

Battery packs
or other non-ac
UL 2054 or UL

Such batte
controls as sa

Safety Analysig
appropriate sta
such protection

Where a batte

safeguard, app
the WORKING voL

Equipment con
chemical leaks
For user-repla
installation if th
Battery circuits

— the g
recharg

— forn
manufa

— for rdg

ith secondary sealed cells and batteries (other than button) containing alkaline

d electrolyte and used in sTaTionARY EQuIPMENT Shall comply with either IEC 62133,
1973.

Acks used in staTionArY EquipMENT that rely on solid-state circuits~ahd software
uards shall comply with either_a) the requirements in UL 1973 for System

.7) and Protective Circuit and Controls (5.8) or b) similartequirements in an
hdard for electronic safety-related controls that are suitablefor investigation of
of secondary cells and batteries.

v standard does not contain requirements for électrical insulation used as a

fopriate insulation requirements from sub-clause~2.10 are applicable based on
[AGE.

taining batteries shall be designed to, reduce the risk of fire, explosion and
under normal conditions and after.asingle fault in the equipment (see 1.4.14).
ceable batteries, the design shall‘reduce the likelihood of reverse polarity
s would create a hazard.
shall be designed so that:

utput characteristics\of ‘a battery charging circuit are compatible with its
eable battery; and

pn-rechargeable batteries, discharging at a rate exceeding the battery
cturer’'s_recommendations, and unintentional charging, are prevented; and

chargeable batteries, charging and discharging at a rate exceeding the battery

manufa

cturer's recommendations, and reversed charging, are prevented; and

— opPERATOR-replaceable batteries shall either:

¢ have contacts that cannot be shorted with the test finger Figure 2A; or

* be inherently protected to avoid creating a hazard within the meaning of the
standard.

NOTE 4 Reversed charging of a rechargeable battery occurs when the polarity of the charging circuit is reversed, aiding the discharge

of the battery.

DC
DC

DC
DC
DC

DC
DC
DC
DC
DC

DC
DC
DC
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If a battery contains liquid or gel electrolyte, a battery tray shall be provided that is capable of
retaining any liquid that could leak as a result of internal pressure build-up in the battery. The
requirement to provide a battery tray does not apply if the construction of the battery is such that
leakage of the electrolyte from the battery is unlikely (see also 1.3.6).

NOTE 5 An example of a battery construction where leakage of the electrolyte is considered to be unlikely is the sealed cell
valve-regulated type.

If battery tray is required, its capacity shall be at least equal to the volume of electrolyte of all
the cells of the battery, or the volume of a single cell if the design of the battery is such that
simultaneous leakage from multiple cells is unlikely.

NOTE 6 If several cglls (for example, the six cells in a 12 V lead-acid battery) are in a single casing, its fracture could lead to a greater
volume of leakage thgn from a single cell.

Compliance is ghecked by inspection and by evaluation of the data provided by the equipment
manufacturer apd battery manufacturer.

When approprigate data is not available, compliance is checked by test. However) batteries that
are inherently $afe for the conditions given are not tested under those conditions. Consumer
grade, non-rephargeable carbon-zinc or alkaline batteries are considered safe under
short-circuiting |conditions and therefore are not tested for discharge; ‘nor are such batteries
tested for leakdge under storage conditions.

The battery used for the following tests is either a new non-rechargeable battery or a fully
charged rechangeable battery as provided with, or recommended by the manufacturer for use
with, the equipinent.

— Overcharging of a rechargeable battery. The battery is charged while briefly
subjected to the simulation of any sinGLe FAULT conpiTion that is likely to occur in the

simulatied failvire’in place.

— Reveérse charging of a rechargeable battery. The battery is reverse charged

while briefly subjected to the simulation of any single component failure that is likely to
occur in the charging circuit and that would result in reverse charging of the battery.
To minimize testing time, the failure is chosen that causes the highest reverse
charging current. The battery is then reverse charged for a single period of 7 h with
that simulated failure in place.

— Excessive discharging rate for any battery. The battery is subjected to rapid
discharge by open-circuiting or short-circuiting any current-limiting or voltage-limiting
components in the load circuit of the battery under test.
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NOTE 7 Some of the tests specified can be hazardous to the persons carrying them out; all appropriate measures to protect personnel

against possible chemical or explosion hazards should be taken.

These tests shall not result in any of the following:

— chemical leaks caused by cracking, rupturing or bursting of the battery jacket, if
such leakage could adversely affect required insulation; or

— spillage of liquid from any pressure relief device in the battery, unless such spillage
is contained by the equipment without risk of damage to the insulation or harm to the
USER, Or

— expl@sion of the battery, if such explosion could result in injury to a user; or

— emission of flame or expulsion of molten metal to the outside of the equipment
ENCLOSURE.

After completio

h of the tests, the equipment is subjected to the electric strength tests of 5.3.9.2.

4.3.9 Oil and grease

Where internal
are exposed to

wiring, windings, commutators, slip-rings and the like,»and insulation in general,
oil, grease or similar substances, the insulation shallkhave adequate properties

to resist deterigration under these conditions.

Compliance is
4.3.10 Dust, p

Equipment proq
so constructed

Checked by inspection, and by evaluation of the data for the insulating material.
pwders, liquids and gases

ucing dust (for example, paper dust) or using powders, liquids or gases shall be
that it is unlikely that either asdangerous concentration of these materials or a

hazard in the meaning of this standard will‘be created by condensation, vaporization, leakage,

spillage or cor
CREEPAGE DISTAN(

Compliance is
electrical insula
tests of 4.3.12.

The equipment

fosion during normal operation, storage, filling or emptying. cLearances and
es shall not be reduced*below the values specified in 2.10 (or Annex G).

checked by inspéction, measurement and, where spillage of liquid could affect
tion during replenishment, by the following test and, for flammable liquids, by the

shall be-ready to use according to its installation instructions, but not energized.

The liquid con

{ainer of the equipment is completely filled with the liquid specified by the

manufacturer and a further quantity, equal to 15 % of the capacity of the container is poured in

steadily over a

period of 1 min. For liquid containers having a capacity not exceeding 250 mi,

and for containers without drainage and for which the filling cannot be observed from outside, a
further quantity of liquid, equal to the capacity of the container, is poured in steadily over a
period of 1 min.

Immediately after this treatment, the equipment shall withstand an electric strength test as
specified in 5.2.2 on any insulation on which spillage could have occurred and inspection shall

show that the liquid has not created a hazard in the meaning of this standard.
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The equipment is permitted to stand in normal test-room atmosphere for 24 h before being
subjected to any further electrical test.
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4.3.11 Containers for liquids or gases

Equipment that, in normal use, contains liquids or gases shall incorporate adequate safeguards

against build-up of excessive pressure.

Compliance is checked by inspection and, if necessary, by an appropriate test.

4.3.12 Flammable liquids P.2
NAA
NAE

If a flammable liquid is used in equipment, the liquid shall be kept in a closed reservoir, except
for the amount needed for the functioning of the equipment. The maximum quantity of flammable

liquid stored in
liquid is such th
to that required

Oil or equivaler
149 °C or high
provision for e
requirement is

all U\.{uiplllcllt D: |a” ill gcl IUIcli LIU IIUt ImMuIrc ti Iart 5 : :f, :IUVVUVUI, t; 1< uaagc Uf
At more than 5 | is consumed in 8 h, it is permitted to increase the quantity stored
for an 8 h operation.

t liquids used for lubrication or in a hydraulic system shall have a flash _point of
er, and the reservoir shall be of sealed construction. The systemi&shall have
kpansion of the liquid and shall incorporate means for pressure-relief. This
not applicable to lubricating oils that are applied to points of friction in quantities

that would contribute negligible fuel to a fire.

Except under g
flash point of 6

Replenishable

sufficient press
no likelihood o
explosion or ¢
flammable liqui
EXPLOSION LIMIT if
umiT if the mixty

onditions given below, replenishable liquids such as printing inks shall have a
D °C or higher, and shall not be under sufficient pressure to cause atomization.

lammable liquids that have a flash point of less.than 60 °C or that are under
ire to cause atomization are permitted provided inspection shows that there is
liquid sprays or build-up of flammable.xapour-air mixtures that could cause
feate a fire hazard. Under normal operating conditions, equipment using a
 shall not generate a mixture with acgoncentration exceeding one quarter of the
the mixture is in proximity to an ighition source, or exceeding half the ExpLosiON
re is not in proximity to an ignition source. The investigation shall also take into

account the integrity of the liquid handling system. The liquid handling system shall be suitably

housed or cons|
specified in 4.2

Compliance is

The equipmen
condition, the
instructions, ar
around the equ

tructed so that risk of fire-erexplosion is reduced, even under the test conditions
5.

Checked by inspection and, where necessary, by the following test.

is operated\in accordance with 4.5.2 until its temperature stabilizes. In this
equipment-is operated in a normal manner, as directed in the operating
d samples of the atmosphere in the vicinity of the electrical components and
ipment are taken to determine the concentration of flammable vapours present.

Samples of the atmosphere are taken at 4 min intervals; four samples to be taken during normal
operation, then seven samples after the equipment has stopped.

If, after the equipment has stopped, the concentration of flammable vapours appears to be
increasing, samples shall continue to be taken at 4 min intervals until the concentration is shown
to be decreasing.

If an abnormal operation of the equipment is possible with any of its fans not running, this
condition is simulated during this compliance test.
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4.3.13 Radiation
4.3.13.1 General

Equipment shall be so designed that the risk of harmful effects of radiation to persons, and
damage to materials affecting safety, is reduced.

Compliance is checked by inspection and as detailed in 4.3.13.2, 4.3.13.3, 4.3.13.4, 4.3.13.5

and 4.3.13.6 as appropriate.

4.3.13.2 lonizing radiation NAA
For equipment that generates ionizing radiation, compliance is checked by the test in Annex H.
4.3.13.3 Effeci of ultraviolet (UV) radiation on materials P2

The following r
UV radiation, t
specified by the

NOTE General-purp
radiation. A lamp that

manufacturer), and e

Non-metallic pa
and cable insul
sufficiently resig

bquirements apply only to equipment containing lamps that producérsignificant
pat is, having emission predominantly in the spectrum 180 nm to,400 nm, as
lamp manufacturer.

se incandescent and fluorescent lamps, with ordinary glass envelopes, are not censidered to emit significant UV
has UV in the spectrum from 180 nm to 400 nm as its predominant radiation emission (as specified by the lamp
hits higher than 0,001 W/m? irradiance, is considered to produce “significant{ radiation.

rts (for example, non-metallic encLosures andinternal materials including wire
ation) that are exposed to UV radiation from™a-lamp in the equipment, shall be
tant to degradation to the extent that safety-is not affected.

Table 4A — Minimum property retention limits after UV exposure

Parts to be tested Property Standard for the test Minimum retention after
method test
. a o,
Parts providing m¢chanical Tensile strength ISO 527 70 %
support or ISO 178 70%
Flexural strength 2 ©
Charpy impaet © ISO 179 70 %
Parts providing impact Ior dei t o ISO 180 70 %
resistance ozro {mpac ISO 8256 70 %
Jensile impact®
All parts Flammability classification See 1.2.12 and Annex A See d

a Tensile strength
thicknesses.

andi\flexural strength tests are to be conducted on specimens no thicker than the actual

¢ Tests conducted

b The side of the sample exposed to UV radiation is to be in contact with the two loading points when using the
three point loading method

specimens for Charpy impact tests are considered representative of other thicknesses, down to 0,8 mm.
d The flammability classification may change as long as it does not fall below that specified in Clause 4.

on 3,0 mm thick specimens for Izod impact and Tensile impact tests and 4,0 mm thick

Compliance is checked by examination of the construction and of available data regarding the
UV resistance characteristics of the parts exposed to UV radiation in the equipment. If such data
is not available, the tests in Table 4A are conducted on the parts.
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Samples taken from the parts, or consisting of identical material, are prepared according to the
standard for the test to be conducted. They are then conditioned according to Annex Y. After
conditioning, the samples shall show no signs of significant deterioration, such as crazing or
cracking. They are then kept at room ambient conditions for not less than 16 h and not more
than 96 h, after which they are tested according to the standard for the relevant test.

In order to evaluate the percent retention of properties after test, samples that have not been
conditioned according to Annex Y are tested at the same time as the conditioned samples. The

retention shall be as specified in Table 4A.

4.3.13.4 Human exposure to ultraviolet (UV) radiation

The following nlquirements apply only to equipment containing lamps which produce significant

UV radiation, t
specified by the

NOTE 1 General pu
radiation. A lamp that

manufacturer), and er

Equipment that

pat is having emission predominantly in the spectrum 180 nm to 400 nm{as
lamp manufacturer

pose incandescent and fluorescent lamps, with ordinary glass envelopes, are not considered to emit $ignificant UV
has UV in the spectrum from 180 nm to 400 nm as its predominant radiation emission (as_specified by the lamp

hits higher than 0,001 W/m? irradiance, is considered to produce “significant” radiation.

produces a combination of visible light and UV light that is only emitted through

a glass focusing lens having a 90 % UV attenuation up to 400 nm is exempt if there are no other

openings throu
NOTE 2 Glass with
Equipment sha
UV radiation sh

— be aq
equipm

—not e
During normal
Higher limits ar
if it is necessar

for the expectq
servicing instru

hh which visible radiation is emitted.

h thickness of 2 mm usually complies with this requirement.
| not emit excessive UV radiation.

all either:

equately contained by the encrgdsure of the UV lamp or the encLosure of the
ent; or

kceed the relevant limitstgiven in IEC 60825-9.

pperation, the relévant limit is that for 8 h exposure.

b permitted«far limited periods of time for maintenance and cleaning operations,
for the_Y¥-lamp to be on during these operations. The relevant limits are those

d timel\intervals for these operations, which shall be stated in the user and
ctions.

All user access

doors and covers that, if opened, would allow access to higher emissions than

those permitted above shall be marked with one of the following (see also 1.7.12):

— "WARNING: TURN OFF THE UV LAMP BEFORE OPENING”, or equivalent; or

— the symbol 4. or equivalent.

It is permitted for the above marking to be beside a door or cover, or on a door provided that the
door is secured to the equipment.
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The above marking is not required for a door or cover that is provided with a saFETY INTERLOCK

switch (see 2.8

) that disconnects power to the UV lamp when the door or cover is opened, or

any other mechanism that prevents UV radiation.

If the UV radiation symbol is used on the equipment, both the symbol and a warning similar to
the above marking shall appear together in the user and servicing instructions.

If higher emissi

ons than those permitted above are accessible in a service Access ARea, and it is

necessary for the equipment to remain energized while being serviced, the equipment shall be

marked with on

e of the following:

— "WARNHY

SERVI
—the s

The marking s
1.7.12).

If the UV radiat
the above mark

Compliance is

UV radiation is
response equa

The UV radiatid
limits given in |

The UV radiatid
shall not excee
operations in
exposure.

LIQ 1N/ N AMNNIATIAR]
. JoLL UV MAUIATIUIN

, Or equivalent; or

AR

4

CING
mbol or equivalent.

hall be located where readily visible during the servicing operatioi~(see also
on symbol is used on the equipment, both the symbol and a warning similar to
ing shall appear together in the servicing instructions.

Checked by inspection, and if necessary by measurement.

Mmeasured using a scanning spectrograph or a specific detector having a spectral
to the relative spectral effectiveness for the UV range.

n exposure and effective irradiance during normal operation shall not exceed the
FC 60825-9 for an 8 h exposure.

n exposure and effective irradiahce during maintenance and cleaning operations
0 the limits in IEC 60825-9 corresponding to the exposure times stated for these
he relevant instructions,-The maximum permitted radiation is that for 30 min

NOTE 3 The permitted radiation is increased as the exposure time is reduced.

All user access|
or removal cou
measurements
UV lamp, or an

doors and eovers, and parts such as lenses, filters and the like, if their opening
d result inan increase in the UV radiation, shall be opened or removed during
unless\provided with a saFety INTERLOCK Switch that disconnects the power to the
y other mechanism which prevents UV radiation.

NOTE 4  For guidan

ce on measuring techniques, see CIE Publication 63.
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4.3.13.5 Lasers (including laser diodes) and LEDs
4.3.13.5.1 Lasers (including laser diodes) NAE

Except as permitted below, equipment shall be classified and labelled according to IEC 60825-1,
IEC 60825-2 and IEC 60825-12, as applicable.

Equipment that is inherently a Class | laser product, which means the equipment contains no
laser or laser diode of a higher class number, is not required to have a laser warning label or
other laser statement.

The data for a
Accessible Emission Limit for Class | when measured according to IEC 60825-1, for the above
exception to agply. The data may be obtained from the component manufacturer (see 1.45)
and can relate [to the component alone or to the component in its intended application, inlthe
equipment. Thg lasers or laser diodes shall produce radiation only in the wavelength-range of
180 nmto 1 m

Compliance is thecked by inspection, by evaluation of the data provided by the manufacturer
and, if necessaly, by testing according to H£€-66825-1 Annex NAE.. D1
4.3.13.5.2 Light emitting diodes (LEDs)

Equipment confaining LEDs that produce optical radiation in excess of the limits specified in IEC
62471 in the wavelength range 200 nm to 3 000 nm, as specified by the lamp manufacturer,
shall be providgd with means (such as an interlock, barriers, guards or the equivalent) to reduce
the likelihood of optical radiation exceeding the limits speecified in IEC 62471 from appearing in
USER accessiljle areas. Low power applications of LEDSs need not comply with IEC 62471.

NOTE 1 Some exanpples of low power applications of LEDs that will'n@rmally comply are those used as:

— indicatirfg lights;

— infra-req devices such as are used in home entertainment devices;

— infra-red devices for data transmission, such .as™are used between computers and computer peripherals;
— optocouplers; and

— other similar low power devices.

Compliance is
by measureme

NOTE 2 For guidan

Checked by evaluation of available data sheets, by inspection and, if necessary,
nt.

e on measuring-techniques, see IEC 62471.

NOTE 3 If optical rafiation is broadband visible and IR-A radiation and the luminance of the source does not exceed 104 cd/m?, it is
expected that the radiption‘'does not exceed the exposure limits given in 4.3 of IEC 62471:2006 (see 4.1 of IEC 62471:2006).
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4.3.13.6 Other types

For other types of radiation, compliance is checked by inspection.

4.4 Protection against hazardous moving parts

4.4.1 General

Except for moving fan blades, hazardous moving parts of the equipment (which means moving
parts that have the potential to cause injury) shall be so arranged, enclosed or guarded as to

reduce the risk

AUTOMATIC RESET

of injury to persons. Moving fan blades are evaluated in accordance with 4.4.5.

THERMAL CUT-OUTS Of overcurrent protection devices, automatic timer starting, etc,,

shall not be incprporated if unexpected resetting might create a hazard.

Compliance is

Checked by inspection and as detailed in 4.4.2, 4.4.3 and 4.4.4.

4.4.2 Protectipn in operator access areas

In an oPERATOR
likelihood of ac

\CCESS AREA, protection shall be provided by a suitable construetion reducing the
cess to hazardous moving parts, or by locating the moving parts in an ENcLOSURE

provided with mpechanical or electrical saFeTy INTERLOCKS that remove the ‘hazard when access is
gained. HOUSEHQLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDERS Shall alsorcomply with Annex EE.

Where it is not

possible to comply fully with the above access.requirements and also allow the

equipment to fynction as intended, access is permitted provided that:

— the Hazardous moving part concerned is directly involved in the process (for

exampl

— the h

£, moving parts of a paper cutter); and

azard associated with the partisjobvious to the oreraTOR; and

— addifonal measures are taken“as’follows:

* a statement shall‘be ‘provided in the operating instructions and a marking
shall be fixed to(the equipment, each containing the following or a similar
appropriate wording:

WARNING

HAZARDOUS MOVING PARTS

KEEP FINGERS AND OTHER BODY PARTS AWAY

* where the possibility exists that fingers, jewellery, clothing, etc., can be
drawn into the moving parts, means shall be provided to enable the oreraTOR
to stop the moving part.

The above warning notice and, where relevant, the means provided for stopping the moving part

shall be placed

in a prominent position, readily visible and accessible from the point where the

risk of injury is greatest.
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Compliance is checked by inspection and where necessary by a test with the test finger, Figure
2A (see 2.1.1.1), after removal of oreraToR-detachable parts, and with oreraTOR access doors
and covers open.

Unless additional measures have been taken as specified above, it shall not be possible to touch
hazardous moving parts with the test finger, applied without appreciable force in every possible
position.

Openings preventing the entry of the test finger, Figure 2A (see 2.1.1.1) are further tested by
means of a straight unjointed version of the test finger applied with a force of 30 N. If the
unjointed finger enters, the test with the test finger, Figure 2A (see 2.1.1.1) is repeated, except

that the finger is-pushed-throughrtheopenimgusimgany mecessaryforcetp—to-S6-iv-
4.4.3 Protectign in restricted access locations

For equipment o be installed in a ResTRICTED ACCESS LocATION, the requirements and compliance
criteria in 4.4.2[for oPERATOR ACCESS AREAS apply.

4.4.4 Protection in service access areas

In a service Adcess AREA, protection shall be provided such that unintentional contact with

hazardous mo
equipment.

Compliance is
4.4.5 Protectic
4.4.5.1 Generd

Equipment sha
minimized.

The likelihood d

ing parts is unlikely during servicing operations involving other parts of the

checked by inspection.
pn against moving fan blades
|

| be so constructed that the likelihood of injury from moving fan blades has been

f injury from moving fan‘blades is determined by calculating the K factor for each

fan blade, whele the K factor is equal to:

Where

m is th

K=6x107(mr2N?2

e Mmass (kg) of the moving part of the fan assembly (blade, shaft and rotor);

r is the radius (mm) of the fan blade from the centre line of the motor (shaft) to the tip
of the outer area likely to be contacted;

N is the rotational speed (r/min) of the fan blade

The classification of moving fan blades relative to their ability to cause injury is as follows:

a) a moving fan blade is not considered likely to cause pain or injury if


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

190B CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1 OCTOBER 14, 2014

r /min . K factor .
15000 2400

b) a moving fan blade is considered likely to cause pain, but is not considered likely
to cause injury if

r/min K factor

+ <1
22 000 3600

¢) a moving fan blade that does not comply with a) or b) above is considered likely to
cause injury.

4.4.5.2 Protection for users

A moving fan blade classified as 4.4.5.1 a) may be located in an‘@pPERATOR AccEss AREA. Under a
single fault congition, a moving fan blade classified as 4.4.5.1 a)xmay reach the limits permitted
for a moving fap blade classified as 4.4.5.1 b).

A moving fan blade classified as 4.4.5.1 b) shall not be located in an oPERATOR AcCESs AREA during
normal operatign. Under a single fault condition, a moving fan blade classified as 4.4.5.1 b) shall
remain within the limits of 4.4.5.1 b). If such a meving fan blade is accessible only during user
servicing, then p warning in accordance with the)following shall be provided.

Either the symiyol £. or a similar symbehsombined with the triangle shaped warning sign from
ISO 3864-2, or[the following statement ‘or equivalent text shall be used:
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WARNING
Hazardous moving parts
Keep away from moving fan blades

A moving fan blade classified as 4.4.5.1 c) that is arranged, located, enclosed or guarded so that
the possibility of contact with the moving parts of the fan is unlikely by a user during user
servicing, shall be provided with a warning as specified above.

During user servicing conditions, where the equipment protection against access to a moving fan
blade classified as 4.4.5.1 b) or 4.4.5.1 c) must be defeated or bypassed to perform the
servicing, an instruction shall be provided to disconnect the power source prior to defeating or

bypassing the Equipment protection means, and 10 restore e equipment protection means
before restoring power.

4.4.5.3 Protection for service persons

No equipment |protection from moving fan blades is required for the protectiop vfor service
PERSONS.

During servicing in areas where inadvertent contact with a moving fan blade _classified as 4.4.5.1
c) is possible Ry a service PERsoN, a marking in accordance with 4.4.5.2 shall be provided to
identify the location of the moving fan blade along with any necessary instructions required for
the service PErsPN to avoid contacting the moving fan blade.

4.5 Thermal requirements

4.5.1 General

Subclause 4.5 $pecifies requirements intended to prevent:

— touchable parts from exceeding certain temperatures; and

— components, parts, insulation-atnd plastic materials from exceeding temperatures
that mgy degrade electrical, mechanical, or other properties during normal use over
the expected life of the equipment.

Consideration ghall be given to.the fact that, on a long-term basis, the electrical and mechanical
properties of cdrtain insulating materials (see 2.9.1) may be adversely affected (for example, by
softeners evaporating-at temperatures below the normal softening temperatures of the
materials).

During the test$ 0£/4.5.2, audio amplifiers are operated in accordance with 4.2.4 of IEC 60065.
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4.5.2 Temperature tests P.2
NAE

Materials used in components and in the construction of the equipment shall be selected so that

under NORMAL LOAD, temperatures do not exceed safe values in the meaning of this standard.

Components working at high temperature shall be effectively shielded or separated to avoid
overheating of their adjacent materials and components.

Compliance is checked by inspection of material data sheets and by determining and recording
the temperatures. The equipment or parts of the equipment are operated in accordance with
1.4.5 under normAaL LoAD until the temperature has stabilized. For temperature limits, see 4.5.3
and 4.5.4.

NOTE See also 1.4.4, 1.4.10, 1.4.12 and 1.4.13.

It is permitted t¢ test components and other parts independently provided that the test eonditions
applicable to the equipment are followed.

Equipment intepded for building-in or rack-mounting, or for incorporation in largér equipment, is
tested under the most adverse actual or simulated conditions permitted\im the installation
instructions.
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The temperature of electrical insulation (other than that of windings, see 1.4.13) the failure of
which could create a hazard, is measured on the surface of the insulation at a point close to the
heat source, see Footnote a in Table 4B. During the test:

— THERMAL cuT-ouTs and overcurrent protection devices shall not operate;

— THERMOSTATS are permitted to operate, provided that they do not interrupt the normal
operation of the equipment;

— TEMPERATURE LIMITERS are permitted to operate;

— sealifrgcompourds;—if-any;—shatt-mot-ffowout:
4.5.3 Temperdture limits for materials
The temperatuffe of materials and components shall not exceed the values shown in Table 4B.
Table 4B — Temperature limits, materials and components
Part Maximum temperature”(Tax)
°C
Insulation, includirg winding insulation:
— of Class 105 mdterial (A) 1poabe
— of Class 120 mdterial (E) 1152abe
— of Class 130 mdterial (B) 1202ab¢
— of Class 155 mdterial (F) 1402abec
— of Class 180 m4terial (H) 1652abc
— of Class 200 mdterial 18020
— of Class 220 mdterial 2002°b
— of Class 250 mdterial 225ab
Rubber or PVC inpulation of internal and external wiring,
including power siipply cords:
— without temperafure marking 754
— with temperaturg¢ marking Temperature marking
Other thermoplastjc insulation See ©
Terminals, includipg earthing terminals (for)external
earthing cor.1ducto s of STATIONARY EQUIPMENT, 85
unless provided with a NON-DETACHABLE POWER
SUPPLY CORD
Parts in contact wjth a flammable liquid See 4.3.12
Components See 1.5.1
a |If the temperatpire of\a winding is determined by thermocouples, these values are reduced by 10 °C, except in
the case of
— a motor, or
— a winding with embedded thermocouples.
b For each material, account shall be taken of the data for that material to determine the appropriate maximum
temperature.
¢ The designations A to H, formerly assigned in IEC 60085 to thermal classes 105 to 180, are given in
parentheses.
d If there is no marking on the wire, the marking on the wire spool or the temperature rating assigned by the wire
manufacturer is considered acceptable.
¢ It is not possible to specify maximum permitted temperatures for thermoplastic materials, due to their wide
variety. These shall pass the tests specified in 4.5.5.
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4.5.4 Touch temperature limits

The temperatures of accessible parts in oPerATOR AccESs AREAS shall not exceed the values shown

in Table 4C.

Table 4C — Touch temperature limits

Maximum temperature (Tax)
Parts in OPERATOR ACCESS AREAS € -
Metal Gla.ss, porcelam_and Plastic and rubber P
vitreous material
Handles, knobs, gfps, €tc., held or touched [5]9) 70 B85
for short periods dnly
Handles, knobs, grips, etc., continuously 55 65 75
held in normal us¢
External surfaces jof equipment that may be 70 80 95
touched 2
Parts inside the equipment that may be 70 80 95
touched °

a Temperatures u

— apartof eq
this condition is o

The warning shall
e the symbo

temperature.
¢ Temperatures e
— unintentiond

— the part hag
5041 (DB:2002-1(

— areas on thqg external surface of equipment that have no dimension exceeding 50 mmyand that are not likely
to be touched in normal use; and

adjacent to the hot part.

* or the follgwing or similar wording:

b For each materidl, account shall be taken of the data fof that material to determine the appropriate maximum

to 100 °C are permitted on the following parts:

ipment requiring heat for the intended function (for example, a dogument laminator), provided that
vious to the USER. A warning shall be marked on the equipment in*a prominent position

be either
(IEC 60417-5041 (DB:2002-10)): A

WARNING
HOT SURFACE
DO NOT TOQUCH

ceeding the limits are permitted.provided that the following conditions are met:
| contact with such a part is unlikely;

a marking indicating that\this part is hot. It is permitted to use the following symbol (IEC 60417-
)): to provide this information.
A

For equipment
Table 4C apply
or which have

intended fornstallation in a RESTRICTED ACCESS LOCATION, the temperature limits in
except that for external metal parts which are evidently designed as heat sinks
h visible-warning, a temperature of 90 °C is permitted.
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4.5.5 Resistance to abnormal heat

Thermoplastic parts on which parts at Hazarbous voLTaGe are directly mounted shall be resistant

to abnormal he

Compliance is

at.

checked by subjecting the part to the ball-pressure test according to IEC

60695-10-2. The test is not made if it is clear from examination of the physical characteristics of
the material that it will meet the requirements of this test.

The test is made in a heating cabinet at a temperature of (T — Tapp + Tma + 15 °C) £ 2 °C.

However, a thermoptasticpart-supportingpartsimarrmary-CcmeorTis-tested-ataminimunrof—+25—

°C.

The significanckes of T, Ty, and Ty are as given in 1.4.12.1.

4.6 Openings

NOTE 1 Subclauseq4.6.1 and 4.6.2 do not apply to TRANSPORTABLE EQUIPMENT. Subclause 4.6.4 applies to TRANSPORTABLE EQUIPMENT only.

NOTE 2 Additional requirements concerning openings in ENcLosuRES are in 2.1.1.

4.6.1 Top and

For equipment
requirements o

Openings in th

(see 4.6.4), shgll be so located or constructed that*it is unlikely that objects will enter the
openings and greate hazards by contacting bare eonductive parts.

NOTE 1 Hazards indude energy hazards, and those created by-bridging of insulation or by oPErATOR access to parts at HAzARDOUS VOLTAGE

(for example, via met;

Openings, local

OPERATOR, are rfot required to comply provided that the equipment openings comply with the
doors, panels gnd covers closed or in place.

Where a portion of the side-of a FIrRe EncLosuRE falls within the area traced out by the 5° angle in

Figure 4E, the

to this portion df the side.

in enclosures

side openings

that is intended to be used in more than dne orientation (see 1.3.6), the
4.6.1 apply in each appropriate orientation.

b top and sides of EncLOSURES, except for“ENCLOSURES Of TRANSPORTABLE EQUIPMENT

| jewellery).

fed behind doors, panels, covers, etc., that can be opened or removed by an

imitations’ in 4.6.2 on sizes of openings in bottoms of FIRE ENcLOSURES also apply

Compliance is checked by inspection and measurement. Except for that portion of the side of a
FIRE ENCLOSURE that is subject to the requirements of 4.6.2 (see above paragraph), any one of the
following is considered to satisfy the requirements (other constructions are not excluded):

— openings that do not exceed 5 mm in any dimension;

— openings that do not exceed 1 mm in width regardless of length;

— top openings in which vertical entry is prevented (see Figure 4B for examples);
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— side openings provided with louvres that are shaped to deflect outwards an external
vertically falling object (see Figure 4C for examples);

— top or side openings, as shown in Figure 4D, that are not located vertically, or
within a volume V bounded by a 5° vertical projection up to the size of opening L,
above bare conductive parts:

® at HAZARDOUS VOLTAGE, Of

e that present an energy hazard within the meaning of 2.1.1.5.

NOTE 2 The examd

illustrate the intent of fhese requirements.

O 1L

EC500C Slanted openings Vertical openings

Figure 4B | Examples of cross-sections of designs of openings preventing vertical
access
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Qutwar

EC513A

/ [ \%

/ Qutside Inside / Outside

A

% //

d projections Inward projections

Figure 4C — Examples of louvre design
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Outside

S3162C

[@J:]

< maQo

D

/
L Outside
A
C
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/B C
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E,,g/
e D
@E Inside
45

I

ENCLQ

SURE/Opening.

Verticall

'profestion-of-the-evteredges—oi-the-opening-
Inclined lines that project at a 5° angle from the edges of the opening to points located E distance from
B.

Line that is projected straight downward in the same plane as the ENCLOSURE side wall.

Projecti

on of the outer edge of the opening (B) and the inclined line (C) (not to be greater than L).

Maximum dimension of the ENCLOSURE opening.

Volume

in which bare parts at HAZARDOUS VOLTAGE, or which are energy hazards (see 4.6.1), are not

located.

Figure 4D — Enclosure openings
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4.6.2 Bottoms of fire enclosures

For equipment that is intended to be used in more than one orientation (see 1.3.6), the
requirements of 4.6.2 apply in each appropriate orientation.

The bottom of a FirRe EncLosURE (except for the FIRE ENCLOSURE Of @ TRANSPORTABLE EQUIPMENT), Of
individual barriers, shall provide protection under all internal parts, including partially enclosed
components or assemblies, which, under fault conditions, could emit material likely to ignite the
supporting surface.

NOTE See 4.7.2.2 for parts that do not require a FIRE ENCLOSURE.

The bottom or parrier shall be located as, and no smaller in area than, indicated in Figure 4E
and be horizontal, lipped or otherwise shaped to provide equivalent protection.

An opening in the bottom shall be protected by a baffle, screen or other means so that-molten
metal and burn|ng material are unlikely to fall outside the FIRE ENCLOSURE.
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The portion of a component under which a FIRE
ENCLOSURE is required, for example, under those
openings in a component or assembly through which
flaming particles might be emitted. If the component

or assembly does not have its own FIRE ENCLOSURE,
the area to be protected is the entire area occupied by
the component or assembly.

The outline of the area of A projected vertically
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downward onto the horizontal plane of the lowest
point of the FIRE ENCLOSURE.

Inclined line that traces an outline D on the same plane
as B. Moving around the perimeter of the outline.B, this
line projects at a 5° angle from the vertical@bgevery
point round the perimeter of the openipgs.in A and is
oriented to trace out the largest ared.

Minimum outline of the bottom«of the FIRE
ENCLOSURE. A portion of the'side of a FIRE
ENCLOSURE that is within, the area traced out by
the 5° angle is also considered to be part of the
bottom of the FIRE-ENCLOSURE.

Figure 4E - Typical bottom of a fire enclosure for partially enclosed component or

assembly
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The requireme

nts of 4.6.2 do not apply to sTaTioNnARY EQuIPMENT intended only for use in a

RESTRICTED ACCESS LOcATION and to be mounted on a concrete floor or other non-combustible
surface. Such equipment shall be marked as follows:

SUITABLE FOR MOUNTING ON CONCRETE

OR OTHER NON-COMBUSTIBLE SURFACE ONLY

Compliance is checked by inspection and, where necessary, by the test of Clause A.3.

H s 'y :al L Py A H s ) s -
The fO//OWIng Cprrstractrorts—are corisraered 1o oalloly Uic TCYUITCITICTIU WITTUULl ICol.

— No o,

bening in the bottom of a FIRE ENCLOSURE;

— openings in the bottom of any size under an internal barrier, screen or the dike,
which ifself complies with the requirements for a FIrRe ENCLOSURE (see also 4.2:1);

— operlings in the bottom, each not larger than 40 mm?, under componénts and parts
meeting the requirements for v-1 CLASS MATERIAL, OF HF-1 CLASS FOAMED ‘MATERIAL Or under
small cpmponents which pass the needle-flame test of IEC 60695-11-5 using a 30 s
flame gpplication;

— baffl¢ plate construction as illustrated in Figure 4F;

— metdl bottoms of Fire ENcLosURES conforming to thedimensional limits of any line in
Table 4D;

— metgl bottom screens having a mesh withynominal openings not greater than 2 mm

betweg

N centre lines and with wire diameters of not less than 0,45 mm.
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Baffle plates (may be above or

Not less below bottom of FIRE ENCLOSURE)
than 2 X
J———
X
Bottom of FIRE ENCLOSURE
SBO855E
Figure 4F — Baffle plate construction
Table 4D — Size and spacing of openings in metal bottoms of fire enclosures
\pplicable to circular holes Applicable to other shaped openings
Metal bottom Maximum Minimum spacing of
minimum diameter of Minimum spacing of openings border to
thickness holes holes centre’'to centre Maximum area border
mm mm mm mm? mm
0,66 1,1 1,7 1,1 0,56
0,66 1,2 2,3 1,2 1,1
0,76 1,1 1,7 1,1 0,55
0,76 1,2 2,3 1,2 1,1
0,81 1.9 3,1 2,9 1,1
0,89 149 3,1 2,9 1,2
0,91 1,6 2,7 2,1 1,1
0,91 2,0 3,1 3,1 1,2
1.0 16 2,7 2,1 11
1,0 2,0 3,0 3,2 1,0
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4.6.3 Doors o

If part of a FIRE

r covers in fire enclosures

ENCLOSURE consists of a door or cover leading to an oPERATOR ACCESS AREA, it shall

comply with one of the following requirements:

— the door or cover shall be interlocked to comply with the requirements in 2.8;

— a door or cover, intended to be routinely opened by the oreraTor, shall comply with
both of the following conditions:

— ado
installa

¢ it shall not be removable from other parts of the FIRE ENcLOSURE by the

UFERATUR, dl Id
¢ it shall be provided with a means to keep it closed during normal operatjon;

br or cover intended only for occasional use by the oreraToR, such as forthe
ion of accessories, is permitted to be removable provided that the operating

instructjons include directions for correct removal and reinstallation of the~deor or

cover.

Compliance is

4.6.4 Opening

The risk of ign

checked by inspection.
Is in transportable equipment

tion caused by small metallic objects, such as\paper clips or staples, moving

around inside frRANSPORTABLE EQUIPMENT during transportation “shall be reduced by measures to

minimize the li
parts that may
is not required
2.5.

NOTE The above re|

considered to be barg

Compliance is
inspection and
assemblies, su

elihood of such objects entering the equigment and bridging bare conductive
esult in a fire hazard. Except as required'in 4.6.4.3, provision of such measures
or bare conductive parts between which the power is limited in accordance with

huirement only applies to bare conductiveparts. Conductive parts covered with conformal or other coatings are not
conductive parts.

checked according to 4.6.4.1, 4.6.4.2 and 4.6.4.3 as appropriate. During the
tests, all doors(Or~covers are closed or in place and peripheral devices or
Ch as disk drivés) batteries, elc., are installed as intended.
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4.6.4.1 Constructional design measures

Examples of acceptable constructional design measures are:

— provi

— provi

ding openings that do not exceed 1 mm in width regardless of length; or

ding a screen having a mesh with openings not greater than 2 mm between

centre lines and constructed with a thread or wire diameter of not less than 0,45 mm;

or

— provi

ding internal barriers; or

— othe

NOTE Screens prov
apply, see also 1.3.6.

Compliance is
entry of objectd

equivalent constructional means.

ded to limit the entry of small objects form part of the encLosuRE and the requirements in 4.7 for FIRE ENCLOSURES/May

checked by inspection and measurement and, if necessary, by (simulating the
that could bridge bare conductive parts.

4.6.4.2 Evalua

ion measures for larger openings

Openings largdr than specified in 4.6.4.1 are permitted (see also/2y1.1.1), provided that fault
testing is condycted to simulate bridging along a direct straight path between bare conductive

parts (for meta
areas within thg

Compliance is

is considered td
a straight meta
appreciable for
and no emissio

4.6.4.3 Use of
Where metalliz

where the avail
c) applies:

lized parts, see 4.6.4.3) located less than 13 mim away from each other in all
equipment that do not meet the criteria of 4:64.1.

Checked by inspection and measurement and by simulated fault testing. Bridging
exist between bare conductive parts-that can be contacted simultaneously using
object, 1 mm in diameter and having any length up to 13 mm, applied without
ce. During the fault tests, therex$hall be no ignition of any non-metallic materials
n of molten metal.

metallized parts

bd parts of a plastic barrier or encLosure are within 13 mm of parts of circuits
able power is greater than 15 VA, one of the following requirements a) or b) or

a) accgss by-aforeign metallic object shall be limited in accordance with 4.6.4.1,

whethe

I or.not the available power meets the limits of 2.5; or

b) there shall be a barrier between the bare conductive parts and the metallized
barrier or ENCLOSURE; Or

c) fault testing shall be conducted to simulate bridging along a direct path between a
bare conductive part and the nearest metallized part of a barrier or encLosure that is
within 13 mm of the bare conductive part.

NOTE Examples of

metallized plastic barriers or encLosures include those made of conductive composite materials or that are

electroplated, vacuum-deposited, painted or foil lined.
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Compliance is

checked by inspection and measurement and, where appropriate, by test. If

simulated fault testing is conducted, no ignition of the metallized barrier or encLosure shall occur.

4.6.5 Adhesives for constructional purposes

If a barrier or s

creen provided to comply with 4.6.1, 4.6.2 or 4.6.4 is secured with adhesive to

the inside of the encLosure or to other parts inside the encLosurg, the adhesive shall have
adequate bonding properties throughout the life of the equipment.

Compliance is checked by examination of the construction and of the available data. If such data
is not available, compliance is checked by the following tests.

A sample of th
evaluated with

Condition the 3
specified:

100 °C
90 °C 4
82 °C 4
Upon completia

— remq
20 °C &

e equipment or a part of the encLosure with the barrier or screen attached is
the sample placed with the barrier or screen on the underside.

ample in an oven at one of the following temperatures for the time durations

+ 2 °C for one week; or

2 °C for three weeks; or

2 °C for eight weeks.

n of the temperature conditioning, subject the sample to the following:

ve the sample from oven and leave it at-any convenient temperature between
nd 30 °C for 1 h;

— placé the sample in a freezer at —40 °€\t 2 °C for 4 h;

— remd
°C and

— place

— remd
30 °C f

— place
conditid

ve and allow the sample to ‘seme to any convenient temperature between 20
30 °C for 8 h;

b the sample in a cabinét at 91 % to 95 % relative humidity for 72 h;

ve the sampleland leave it at any convenient temperature between 20 °C and
or 1 h;

b the sample in an oven at the temperature used for the temperature
ning for 4 h;

— remove the sample and allow it to reach any convenient temperature between 20

°C and

30 °C for 8 h.

The sample is then immediately subjected to the tests of 4.2 as applicable. The barrier or screen
shall not fall off or partly dislodge as a result of these tests.

With the concurrence of the manufacturer, it is permitted to increase any of the above time

durations.

P2
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4.7 Resistance to fire

This subclause specifies requirements intended to reduce the risk of ignition and the spread of
flame, both within the equipment and to the outside, by the appropriate use of materials and
components and by suitable construction.

NOTE 1 The risk of ignition is reduced by limiting the maximum temperature of components under normal operating conditions and after
a single fault (see 1.4.14), or by limiting the power available in a circuit.

NOTE 2 The spread of flame in the event of ignition is reduced by the use of flame retardant materials and insulation, or by providing
adequate separation.

NOTE 3 Fora rankirlrg of materials with respect to flammability, refer to the notes of 1.2.12.1.

NOTE 4 In Australialand New Zealand, an alternative set of fire tests is also accepted.

Metals, cerami¢ materials and glass shall be considered to comply without test.
4.7.1 Reducing the risk of ignition and spread of flame

For equipment| or a portion of equipment, there are two alternative methods of providing
protection against ignition and spread of flame that could affect materials, wiring, wound
components amd electronic components such as integrated cireuits, transistors, thyristors,
diodes, resistors and capacitors.

Method 1 — Selection and application of components;wiring and materials that reduce
the pogsibility of ignition and spread of flame and; where necessary, by the use of a
FIRE ENJLOSURE. The appropriate requirements are“detailed in 4.7.2 and 4.7.3. In
addition, the simulated faults of 5.3.7 are applied, except for 5.3.7 ¢), when using this
method.

NOTE 1 |Method 1 may be preferred for equipmient or that portion of equipment with a large number of electronic

componengs.

Method 2 — Application of al.of the simulated fault tests in 5.3.7. A FIRE ENCLOSURE iS
not reqpired for equipment or that portion of equipment for which only Method 2 is
used. Ip particular, 5.3,7)c) applies, which includes testing all relevant components in
both pr[MARY cIRcuITs. @nNd SECONDARY CIRCUITS.

NOTE 2 |Method ‘2\may be preferred for equipment or that portion of equipment with a small number of electronic
componengs.

NAE
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4.7.2 Conditions for a fire enclosure

A FIRE ENCLOSURE is required when temperatures of parts under fault conditions could be sufficient
for ignition.

4.7.2.1 Parts requiring a fire enclosure

Except where Method 2 of 4.7.1 is used, or as permitted in 4.7.2.2, the following are considered
to have a risk of ignition and, therefore, require a FIRE ENCLOSURE:

— components in PRIMARY CIRCUITS;

- com;l)onents in SECONDARY cIrcuITs supplied by power sources that exceed the limits
specifigd in 2.5;

— components in seconpARY circuiTs supplied by limited power sources as speeified in
2.5, buf not mounted on material of v-1 cLASS MATERIAL;

— components within a power supply unit or assembly having a limited\power output
as spegified in 2.5, including overcurrent protective devices, limiting\impedances,
regulating networks and wiring, up to the point where the limited {power source output
criteria [are met;

— components having unenclosed arcing parts, such as ©péen switch and relay
contacts and commutators, in a circuit at HAzaARDOUS VOLTAGE Or at a HAZARDOUS ENERGY
LEVEL; and

— insulpted wiring.

4.7.2.2 Parts not requiring a fire enclosure

The following dp not require a FIRE ENCLOSURE

motdrs;

trangformers;

electromechanicallecomponents complying with 5.3.5;

wiring and cables insulated with PVC, TFE, PTFE, FEP, polychloroprene or
polyimigle;

— plugs and connectors forming part of a power supply cord Or INTERCONNECTING CABLE;

— components, including connectors, meeting the requirements of 4.7.3.2, which fill an
opening in a FIRE ENCLOSURE;

— connectors in seconpARY circuiTs supplied by power sources that are limited to a
maximum of 15 VA (see 1.4.11) under normal operating conditions and after a single
fault in the equipment (see 1.4.14);

— connectors in seconpARY circuiTs supplied by limited power sources complying with
2.5;
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— other components in SECONDARY CIRCUITS!

¢ supplied by limited power sources complying with 2.5 and mounted on v-1
CLASS MATERIAL,

¢ supplied by internal or external power sources that are limited to a
maximum of 15 VA (see 1.4.11) under normal operating conditions and after a
single fault in the equipment (see 1.4.14) and mounted on HB75 CLASS MATERIAL,
if the thinnest significant thickness of this material is < 3 mm or He4o cLAss
MATERIAL, if the thinnest significant thickness of this material is > 3 mm;

e complying with Method 2 of 4.7.1

— equipment, or a part of the equipment, having a momentary contact switch-that the

USER ha
the eqU

Compliance wi
provided by the
by tests.

4.7.3 Materialsg

4.7.3.1 Geners

ENCLOSURES, COI
materials, that {

VTM-0 CLASS MATH
{0 v-0 CLASS MAT
properties. The

Where HB40 cLA
passing the gl
alternative.

Where it is not
components sh
separated from

s to activate continuously, and the release of which removes all power from
ipment or part.

h 4.7.2.1 and 4.7.2.2 is checked by inspection and by evaluation of the data
manufacturer. In the case where no data is provided, compliance is determined

nponents and other parts shall be so_constructed, or shall make use of such
he propagation of fire is limited.

RIAL, VTM-1 CLASS MATERIAL and vTi=2) CLASS MATERIAL are considered to be equivalent
ERIAL, V-1 CLASS MATERIAL and U<e-CLASS MATERIAL, respectively, for their flammability
r electrical and mechanjcalproperties are not necessarily equivalent.

5S MATERIAL, HB75 CLASS\MATERIAL OF HBF CLASS FOAMED MATERIAL, iS required, material
pw-wire test at (550 °C according to IEC 60695-2-11 is acceptable as an

practical to-protect components against overheating under fault conditions, the
all besmounted on v-1 cLass mATERIAL. Additionally, such components shall be
material of a class lower than v-1 cLass MATERIAL (see 1.2.12.1, Note 2) by at least

13 mm of air, 0

rby a solid barrier of v-1 cLASS MATERIAL.

NOTE T Canada and e UTMed STates, adanionar TequiTements may apply, 5ee Crause 6, No'e 5. ]

NOTE 1 See also 4.7.3.5.

NOTE 2 In Canada

and the United States, requirements in addition to 4.7.3.2 and 4.7.3.3 apply to ENCLOSURES and DECORATIVE PARTS

having an external surface with an exposed area of greater than 0,9 m? or a single dimension greater than 1,8 m.

NOTE 3 In considering how to limit propagation of fire, and what are “small parts”, account should be taken of the cumulative effect of
small parts when they are adjacent to each other, and also of the possible effect of propagating fire from one part to another.

NOTE 4 The material flammability requirements in 4.7.3 are summarized in Table 4E.

P2

P.1
P.2
NAA
NAE
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Compliance is checked by inspection and by evaluation of relevant data provided by the
manufacturer.

4.7.3.2 Materials for fire enclosures

The following requirements apply as appropriate.

The 18 kg mass criterion applies to individual complete equipments, even if they are used in
close proximity to each other (for example, one on top of another). However, if a part of the FIrRe

ENCLOSURE is removed in such a situation (in the same example, the bottom cover of the top
equipment), the combined mass of the equipment applies. In determining the total mass of

equipment, supptres;,—consumabtemateriats, medta—and—recordingatertats—used—witth—tie—

equipment shal
For movaBLE EQU
in the thinnest §
of Clause A.2.

For movaBLE EQU

not be taken into account.

PMENT having a total mass not exceeding 18 kg, the material of a FIRE ENGLOSURE,
ignificant wall thickness used, shall be of v-1 cLass mATERIAL Or shall pass the test

IPMENT having a total mass exceeding 18 kg and for all sTATIONARY) EQUIPMENT, the

material of a FIRE ENCLOSURE, in the thinnest significant wall thickness used, shall be of sve cLaAss

MATERIAL Or shal

Materials for cg
mounted in this

— beo

— pass

pass the test of Clause A.1.

mponents that fill an opening in a FIRE ENcLosURE, and ‘which are intended to be
opening shall:

V-1 CLASS MATERIAL; Or

the tests of Clause A.2; or

— comply with the flammability requirements of the relevant IEC component standard.

NOTE Examples of

Plastic material
parts such as U

Plastic material
which, under ar
to ignite the m

to ignition of th
the time at whi

hese components are fuseholders, switches, pilot lights, connectors and appliance inlets.

5 of a FIRE EncLosuRE shallbe located more than 13 mm through air from arcing
nenclosed commutaters and unenclosed switch contacts.

5 of a FIRE ENcLOSURE located less than 13 mm through air from non-arcing parts
y condition<of'normal or abnormal operation, could attain a temperature sufficient
erial, shall"be capable of passing the test of IEC 60695-2-20. The average time
samples' shall be not less than 15 s. If a sample melts through without igniting,
h thissoccurs is not considered to be the time to ignition.

Compliance is

checked by inspection of the equipment and material data sheets and, if

necessary, by the appropriate test or tests in Annex A or IEC 60695-2-20.
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4.7.3.3 Materials for components and other parts outside fire enclosures
Except as otherwise noted below, materials for components and other parts (including MECHANICAL
ENCLOSURES, ELECTRICAL ENCLOSURES and DECORATIVE PARTS), located outside FIRE ENcLOSURES, shall be
of

— HB75 cLAss MATERIAL if the thinnest significant thickness of this material is < 3 mm, or

— HB40 cLAss MATERIAL if the thinnest significant thickness of this material is > 3 mm, or

— HBF CLASS FOAMED MATERIAL.

NOTE Where a MECHANICAL ENCLOSURE OF an ELECTRICAL ENCLOSURE also serves as a FIRE ENCLOSURE, the requirements for FIRE ENCLOSURES

apply.

Requirements [for materials in air filters assemblies are in 4.7.3.5 and for materials in
high-voltage components in 4.7.3.6.

Connectors shgll comply with one of the following:
— be nade of v-2 cLAss MATERIAL; or
— pass|the tests of Clause A.2; or

— comply with the flammability requirements of the relevant IEC component standard;
or

— be nmounted on v-1 cLass MATERIAL and be of a small size; or

— be Igcated in a seconpARy circuiT supplied*by a power source that is limited to a
maximym of 15 VA (see 1.4.11) underx ‘normal operating conditions and after a single
fault in the equipment (see 1.4.14).

The requirement for materials for compenents and other parts to be of HB40 cLASS MATERIAL, HB75
CLASS MATERIAL, Qf HBF CLASS FOAMED MATERIAL, does not apply to any of the following:

— electyical components)that do not present a fire hazard under abnormal operating
conditigns when tested according to 5.3.7;

— matgrials and.components within an encLosure of 0,06 m3 or less, consisting totally
of metgl and having no ventilation openings, or within a sealed unit containing an inert
gas;

— meter cases (if otherwise determined to be suitable for mounting of parts at
HAZARDOUS VOLTAGE), meter faces and indicator lamps or their jewels;

— components meeting the flammability requirements of a relevant IEC component
standard that includes such requirements;

— electronic components, such as integrated circuit packages, optocoupler packages,
capacitors and other small parts that are:

e mounted on v-1 CLASS MATERIAL, OF
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* supplied from a power source of no more than 15 VA (see 1.4.11) under
normal operating conditions or after a single fault in the equipment (see
1.4.14) and mounted on He7s cLAss MATERIAL if the thinnest significant thickness
of this material is < 3 mm, or He4o cLass MATERIAL if the thinnest significant
thickness of this material is > 3 mm;

— wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP,
polychloroprene or polyimide;

— individual clamps (not including helical wraps or other continuous forms), lacing
tape, twine and cable ties used with wiring harnesses;

— gearsy, cams, belts, bearings and other small parts that would contribute negligible

fuel to @ fire, including peEcorATIVE PARTS, labels, mounting feet, key caps, knobs and. the
like;
— supplies, consumable materials, media and recording materials;

— partd that are required to have particular properties in order to perforf intended
functionps, such as rubber rollers for paper pick-up and delivery, and\ink tubes.

Compliance is| checked by inspection of the equipment and material data sheets and, if
necessary, by the appropriate test or tests in Annex A.

4.7.3.4 Materials for components and other parts inside fire\enclosures
Requirements fpr materials in air filters assemblies are in4.7.3.5 and requirements for materials
in high-voltage [components in 4.7.3.6. Requirements_for voltage dependent resistors (VDR’s)

are in Annex Q

Inside FIRE ENCL@SURES, materials for componentsiand other parts, (including MECHANICAL ENCLOSURES
and ELECTRICAL ENcLOsURES located inside FIRENENCLOSURES), shall comply with one of the following:

— be of v-2 cLAss MATERIAL, O HF2-CLASS FOAMED MATERIAL, Or
— pass|the flammability ¢eést described in Clause A.2; or

— meel the flammability requirements of a relevant IEC component standard that
includep such reguirements.

The above reqyirement does not apply to any of the following:

— electrical components that do not present a fire hazard under abnormal operating
conditions when tested according to 5.3.7;

— materials and components within an encLosure of 0,06 m3 or less, consisting totally
of metal and having no ventilation openings, or within a sealed unit containing an inert
gas;

— one or more layers of thin insulating material, such as adhesive tape, used directly
on any surface within a FIRE ENcLOSURE, including the surface of current-carrying parts,
provided that the combination of the thin insulating material and the surface of
application complies with the requirements of v-2 cLASS MATERIAL, OF HF2 CLASS FOAMED
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NOTE Wi

here the thin insulating material referred to in the above exclusion is on the inner surface of the FIRe EncLosURE itself,

the requirements in 4.6.2 continue to apply to the FIRE ENCLOSURE.

— mete
HAZARDO

r cases (if otherwise determined to be suitable for mounting of parts at
Us VOLTAGE), meter faces and indicator lamps or their jewels;

— electronic components, such as integrated circuit packages, optocoupler packages,
capacitors and other small parts that are mounted on v-1 cLASS MATERIAL;

— wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP,
polychloroprene or polyimide;

— indiv
tape, tv

— the f
insulatq
temper.
V=1 CLAS

Compliance is
necessary, by 1

dual clamps (not including helical wraps or other continuous forms), lacing
ine and cable ties used with wiring harnesses;

that complies with the requirements for "VW-1” or "ET-1” or better, and that is
Ked;

bllowing parts, provided that they are separated from electrical parts (other than
d wires and cables) which under fault conditions are likely to.produce a

hture that could cause ignition, by at least 13 mm of air ofby a solid barrier of
S MATERIAL:

e gears, cams, belts, bearings and other small parts'that would contribute
negligible fuel to a fire, including, labels, mounting feet, key caps, knobs and
the like;

e supplies, consumable materials, media-and recording materials;

e parts that are required to have {particular properties in order to perform
intended functions, such as rubber rollers for paper pick-up and delivery, and
ink tubes;

e tubing for air or any, fluid systems, containers for powders or liquids and
foamed plastic partsy. provided that they are of He75 cLAss mATERIAL if the
thinnest significant, thickness of the material is < 3 mm, or H4o cLAsS MATERIAL if
the thinnest significant thickness of the material is > 3 mm, or HBF CLASS FOAMED
MATERIAL.

checked’ by inspection of the equipment and material data sheets and, if
he appropriate test or tests of Annex A.

DC
DC
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4.7.3.5 Materials for air filter assemblies P2
Air filter assemblies shall be constructed of v-2 cLASS MATERIAL, OF HF-2 CLASS FOAMED MATERIAL.
This requirement does not apply to the following constructions:
— air filter assemblies in air circulating systems, whether or not airtight, that are not
intended to be vented outside the FIRE ENCLOSURE;
— air filter assemblies located inside or outside a FIRe ENcLOSURE, provided that the filter
materials are separated by a metal screen from parts that could cause ignition. This
screen may be pclfwatcu' and-statt-meet-the |U\.|ui|t:|||t;| ts—of4-6-2-for-thebottomsof
FIRE ENCLOSURES;
— air filter assemblies constructed of
e HB75 cLASS MATERIAL if the thinnest significant thickness of this matefial-is < 3
mm, or
* HB40 cLAsS MATERIAL if the thinnest significant thickness of this.material is > 3
mm, or
® HBF CLASS FOAMED MATERIAL.
provided that they are separated by at least 13 mm ofair, or by a solid barrier of v-1
cLAss MATERIAL, from electrical parts (other than insulated wires and cables) which
under fault conditions are likely to produce a température that could cause ignition;
Compliance is|checked by inspection of the equipment and material data sheets and, if
necessary, by &ppropriate tests.
4.7.3.6 Materigls used in high-voltage components P2
High-voltage cqgmponents operating at peak-to-peak voltages exceeding 4 kV shall either be of
V-2 CLASS MATERIAL, OF HF-2 CLASS FOAMED MATERIAL, or comply with 14.4 of IEC 60065 or pass the
needle flame tgst according to IEC'60695-11-5.
Compliance is|checked by\inspection of the equipment and material data sheets and, if
necessary, by
— the tsts for v-2 CLASS MATERIAL OF HF-2 CLASS FOAMED MATERIAL, Of

— the test described in 14.4 of IEC 60065; or
— the needle flame test according to IEC 60695-11-5.
In addition, the following details apply, referring to clauses of IEC 60695-11-5:

Clause 7 — Severities
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The test flame

is applied for 10 s. If a self-sustaining flame does not last longer than 30 s, the

test flame is applied again for 1 min at the same point or at any other point. If again a
self-sustaining flame does not last longer than 30 s, the test flame is then applied for 2 min at

the same point
Clause

Except for high
in an oven at a

or at any other point.
8 — Conditioning

voltage transformers and high voltage multipliers the samples are stored for 2 h
temperature of 100 °C + 2 °C.

For high voltage transformers, a power of 10 W (d.c. or a.c. at mains frequency) is initially

supplied to th
increased by s

The treatment
splitting of the |

NOTE 1 Certain tran
applies.

For high-voltag
supplied to ead

The input volta
current is main
appreciable sp

NOTE 2 Where the
current is used, whicH
of use in a particular

Clause

After the first a

After any applid
burning of the |

ccessive steps of 10 W at 2 min intervals to 40 W.

nsts 8 min or is terminated as soon as interruption of the winding or appreciable
brotective covering occurs.

sformers are so designed that this preconditioning cannot be conducted. In such cases the ©Oven’preconditioning
e multipliers, a voltage taken from an appropriate high-voltage transformer, is
h sample, its output circuit being short-circuited.

ge is adjusted so that the short-circuit current isdnitially 25 mA £ 5 mA. This
fained for 30 min or is terminated as soon as-any interruption of the circuit or
tting of the protective covering occurs.

esign of a high-voltage multiplier is such that a short-circuit Current of 25 mA cannot be obtained, a preconditioning
represents the maximum attainable current, determined either by the design of the multiplier or by its conditions
pparatus.

11 — Evaluation of test resuits

bplication of the test flame, the test sample shall not be consumed completely.

ation of the test flame, any self-sustaining flame shall extinguish within 30 s. No
VrAPPING TISSUE Shall occur and the board shall not be scorched.
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Table 4E — Summary of material flammability requirements

Part

Requirement

FIRE ENCLOSURES
4.7.3.2

STATIONARY EQUIPMENT

MOVABLE EQUIPMENT > 18 kg and

- 5VB

— Test A1

— Hot wire test of IEC 60695-2-20
(If < 13 mm of air from parts at high
temperatures that could cause
ignition.)

MOVABLE EQUIPMENT < 18 kg

- V-1
— TestA2

— Hot wire test — IEC 60965-2-20 (If
< 13 mm of air from parts at high
temperatures that could cause
ignition.)

Parts that fill an opening

- V-1
— TestA2
— Component standard

4.7.3.1 and 4.7.3.3

Components and parts, including MECHANICAL ENCLOSURES and
ELECTRICAL ENCLOSURES, outside FIRE ENCLOSURES

— HBA40 for thicknesses > 3 mm
— HB75 for.thicknesses < 3 mm
— HBF

—  Glow-wire test 550 °C of IEC
60695-2-11

FOF connectors and exceptions see
4.7.3.3

4.7.3.4

Components and parts, including MECHANICAL ENCLOSURES and
ELECTRICAL ENCLOSURES, inside FIRE ENCLOSURES

- V-2

- HF-2

— TestA2

— Component standard
For exceptions see 4.7.3.4

Air filter assembligs - V-2
4.7.35 — HF-2
— TestA2
For exceptions see 4.7.3.5
High voltage (>4 §V) components - V-2
4.7.3.6 — HF-2

— Test of 14.4 of IEC 60065

— Needle flame test of IEC 60695-
11-5
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5 Electrical re

5.1 Touch cur

quirements and simulated abnormal conditions

rent and protective conductor current

In this subclause measurements of current through networks simulating the impedance of the
human body are referred to as measurements of ToucH CURRENT.

Except for app

lication of 5.1.8.2 and 5.1.8.3, these requirements do not apply to equipment

intended to be supplied by only a bc mMAINS SuPPLY.

5.1.1 General

Equipment shJII be so designed and constructed that neither ToucH CURRENT noOr PROTECTIVE

CONDUCTOR CURR

Compliance is
5.1.8 (see also

However, if it
CONNECTED EQUIA
CONDUCTOR, thaf]
CcURRENT Will not

NOTE In the above

ENT IS likely to create an electric shock hazard.

rhecked by testing in accordance with 5.1.2 to 5.1.7 inclusive, and, if-relevant,
1.4.4).

s clear from a study of the circuit diagrams of either STATIONARY PERMANENTLY
MENT OF STATIONARY PLUGGABLE EQUIPMENT TYPE B, that has a“PROTECTIVE EARTHING
the ToucH current will exceed 3,5 mA r.m.s., but that the PROTECTIVE CONDUCTOR
exceed 5 % of input current, the tests of 5.1.5, 5.1.6 and 5/1.7.1 a) are not made.

Case, the requirement of 5.1.7.1 b) continues to apply.

5.1.2 Configuration of equipment under test (EUT)

5.1.2.1 Single

Systems of int
have each piec|
common conne
also 1.4.10 reg

NOTE Systems of i

connection to an a.c. mains supply

breconnected equipment with individual connections to the Ac mains suppLy shall
b of equipment tested separately. Systems of interconnected equipment with one
ction to the ac mains suppLy shiall be treated as a single piece of equipment. See
brding the inclusion of optional features.

terconnected equipment are specified in more detail in Annex A of IEC 60990.

D2
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5.1.2.2 Redundant multiple connections to an a.c. mains supply

Equipment that is designed for multiple connections to the ac mains suppLy, only one of which is
required at a time, shall be tested with only one connection.

5.1.2.3 Simultaneous multiple connections to an a.c. mains supply

Equipment requiring power simultaneously from two or more Ac mains suppLIEs Shall be tested with
all Ac mMAINS sUPPLIES connected.

The total ToucH current through all PROTECTIVE EARTHING conpucTORS that are connected to each

other and to e

A PROTECTIVE EAA
in the equipme

i ]
rirr 1o 1rrcasurcu.

THING CONDUCTOR that is not connected within the equipment to other earthed parts
ht shall not be included in the above tests. If an a.c. power source has such a

PROTECTIVE EARTHING CONDUCTOR it shall be tested separately according to 5.1.2.1 (see alse.5.1.7.2).

5.1.3 Test cirg

Equipment is
connected only
equipment to |
appropriate, an|

The use of a te!
for isolation (T
EUT is earthed|
an alternative t
(not earthed) |
account.

If transformer ]
mounted on arj
possibility of th

Equipment to b
9, 10 and 12 ¢
distribution sys

Single-phase e
three-phase teq

uit

ested using the test circuit in Figure 5A (for single-phase>equipment to be

to a star TN or TT power distribution system) or Figure 5B (for three-phase
pe connected only to a star TN or TT power distribution system) or where
pther test circuit from Figures 7, 9, 10, 12, 13 or 14°0fNEC 60990.

bt transformer for isolation is optional. For maximem protection, a test transformer
in Figures 5A and 5B) is used and the main“protective earthing terminal of the

Any capacitive leakage in the transformershall then be taken into account. As
D earthing the EUT, the test transformer. secondary and the EUT are left floating
n which case capacitive leakage .in>the transformer need not be taken into

[ is not used, the EUT and>the test circuitry shall not be earthed. The EUT is
insulating stand, and appropriate safety precautions are taken in view of the
b gopy of the equipment'being at a HAZARDOUS VOLTAGE.

b connected to an 1T power distribution system is tested accordingly (see Figures
f IEC 60990).(Such equipment may also be connected to a TN or TT power
em withoutfurther test.

Huipmentintended to be operated between two line conductors is tested using a
t cireuit such as Figure 5B.

If it is inconven

ient to test equipment at the most unfavourable supply voltage (see 1.4.5), it is

permitted to test the equipment at any available voltage within the tolerance of RATED VOLTAGE oOr
within the raTED voLTAGE RANGE, and then calculate the results.
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Point of connection
to AC MAINS SUPPLY

(Polarity)
pt |
L — |IL
~ | TELECOMMUNICATION
NETWORK connection
| port (not connected)
| /j p2
| (Polarity)
T
PE PE
T T | EUT
(Earthing |
. conductor)
Optiopal test
transformer B A S
for igolation YR\
_/ I —
Measuring (Test switch)
SM13808 network

NOTE This figure|

Figure 5A - T

is derived from Figure 6 of IEC 60990.

bst circuit for touch current of single-phase equipment on a star TN or TT

power supply system

Point of connection
to AC MAINS SUPPLY

L1 [L1
i —
j i (Polarity) |
pl
L2 T L2 TELECOMMUNICATION
~ 1 :'_‘ NETWORK connection
j t | port (not connected)
|
L3 L3
l —
I P2
| (Polarity)
N I'N
e |
PE PE
T T L EUT
(Earthing |
. conductor)
Optional test s ?
rmer B A
for isolation N\ —
/ [
Measuring (Test switch)
SM1379A network

NOTE This figure is derived from Figure 11 of IEC 60990.

Figure 5B — Test circuit for touch current of three-phase equipment on a star TN or TT
power supply system


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

218

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

MARCH 27, 2007

5.1.4 Application of measuring instrument

Tests are conducted using one of the measuring instruments in Annex D, or any other circuit

giving the same results.

Terminal B of the measuring instrument is connected to the earthed (neutral) conductor of the
supply (see Figure 5A or 5B).

Terminal A of the measuring instrument is connected as specified in 5.1.5.

For an accessible non-conductive part, the test is made to metal foil having dimensions of 100

mm by 200 mmyin—contact-with-thepart—ithearea—of the—foitis—smattertharmthe—surfaceurder—

test, the foil is
the adhesive s
the heat dissip

moved so as to test all parts of the surface. Where adhesive metal foil is used,
all be conductive. Precautions are taken to prevent the metal foil from affecting
tion of the equipment.

NOTE 1 The foil tes] simulates hand contact.

Accessible conductive parts that are incidentally connected to other parts are(iested both as

connected and
NOTE 2 Incidentally

5.1.5 Test pro

disconnected parts.
connected parts are described in more detail in Annex C of IEC 60990.

cedure

For equipment| having a protective earthing connection or & FUNCTIONAL EARTHING connection,
terminal A of the measuring instrument is connected via~theasurement switch ”s” to the main
protective earthing terminal of the EUT, with the earthing-conductor switch ”e€” open.

The test is also conducted, on all equipment~with terminal A of the measuring network
connected via measurement switch ”s” to each.unearthed or non-conductive accessible part and
each unearthed accessible circuit, in turn, with the earthing conductor switch ”e” closed.

Additionally:

— for s

ngle-phase equipment, the tests are repeated in reverse polarity (switch "p1”);

— for three-phase equipment, the tests are repeated in reverse polarity (switch "p1”)

unless

When testing tf
between line af

the equipmrent is sensitive to phase sequence.

ree-phase equipment, any components used for EMC purposes and connected
pdlearth are disconnected one at a time; for this purpose, groups of components

in parallel connected through a single connection are treated as single components. Each time
a line-to-earth component is disconnected the sequence of switch operations is repeated.

NOTE Where filters are normally encapsulated, it may be necessary to provide an unencapsulated unit for test or to simulate the filter
network.

For each placement of the measuring instrument, any switches in the primarY circuiT and likely
to be operated in normal use are open and closed in all possible combinations.

After applying each test condition, the equipment is restored to its original condition, that is
without fault or consequential damage.
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5.1.6 Test measurements

Either the r.m.s. value of the voltage, U,, is measured using the measuring instrument of Figure
D.1, or the r.m.s. value of the current is measured using the measuring instrument of Figure D.2.

The D.1 instrument gives a more accurate measurement than the D.2 instrument if the
waveform is non-sinusoidal and the fundamental frequency exceeds 100 Hz.

Alternatively, the peak value of the voltage, U,, is measured using the measuring instrument
described in Clause D.1.

If the voltage, Pz Tsmeasuredusingthemeasoringinstrarment—described-imClause—b-the
following calculgtion is used:

ToucH CcURRENT (A) = U, / 500

NOTE Although r.m|s. values of ToucH currenT have traditionally been measured, peak values provide better _correfation with the
response of the human body to non-sinusoidal current waveforms.

None of the values measured in accordance with 5.1.6 shall exceed the relevant limits in Table
5A, except as permitted in 2.4 (see also 1.5.6 and 1.5.7) and 5.1.7.

Table 5A — Maximum current

Type of equipment Terminal A of measuring Maximum TOUCH Maximum PROTECTIVE
instrument connected to: CURRENT CONDUCTOR CURRENT
mA r.m.s.?
All equipment Accessible parts and 0,25 -

circuits not connected to
protective earth P

HAND-HELD 0,75 -

MOVABLE (other than 3,5 -
HAND-HELD, but fincluding
TRANSPORTABLE
EQUIPMENT)
STATIONARY, , \ , 35 -
PLUGGABLE TYRE A EqﬁLPmetr‘t mf”"”lp_rfotec“"e
All ofner STATIONARY | c2rtung_terminal (if any)

EQUIPMENT

— not subject to the 3,5 -
conditions of 5.1.7

— subject to the gonditions - 5 % of input current
of 5.1.7
a8 |If peak values of TOUCH CURRENT are measured, the maximum values are obtained by multiplying the r.m.s.
values in the table by 1,414.

b Some unearthed accessible parts are covered in 1.5.6 and 1.5.7 and the requirements of 2.4 apply. These may
be different from those in 5.1.6.
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5.1.7 Equipment with touch current exceeding 3,5 mA

5.1.7.1 General

TOUCH CURRENT

measurement results exceeding 3,5 mA r.m.s. are permitted for the following

equipment having a main protective earthing terminal:

— STATIONARY PERMANENTLY CONNECTED EQUIPMENT,;

— STATIONARY PLUGGABLE EQUIPMENT TYPE B,

— STATIQNARY PLUGGABLE EQUIPMENT TYPE A-With—asingtecommectiontothercmams—sorroy,—

and prqvided with a separate protective earthing terminal in addition to the main
protective earthing terminal, if any (see 2.6.4.1). The installation instructions shall
specify|that this separate protective earthing terminal be permanently connected, to

earth;

NOTE 1 The above

Bquipment is not required to be installed in a RESTRICTED AcCESs LocaTioN. However, the requirement'to be sTaTionary

EQUIPMENT is more onefous than the similar requirements in 2.3.2.3 a) because the potential hazard is greater.

— MOVABLE O STATIONARY PLUGGABLE EQUIPMENT TYPE A fOr use in a RESTRICTED ACCESS
LocaTioN, With a single connection to the ac mains suppLy, and provided with a separate
protective earthing terminal in addition to the main protective,earthing terminal, if any

(see 2.
earthin

5.4.1). The installation instructions shall specify that this separate protective
) terminal be permanently connected to earth;

NOTE 2 The limitatipn of use to a RESTRICTED ACCESs LOCATION is more onerous thag-the similar requirements in 2.3.2.3 a) because the

potential hazard is grdater.

— STATI

NARY PLUGGABLE EQUIPMENT TYPE A With, simultaneous multiple connections to the

AC MAINg suPPLY, intended to be used in<&location having equipotential bonding (such

as ate

ecommunication centre, a dedicated computer room or a RESTRICTED ACCESS

LocaTioN). A separate additional protective earthing terminal shall be provided on the
equipmient. The installation instructions shall require all of the following:

NOTE 3 In Finland,
following equipment:

¢ the building installation shall provide a means for connection to protective
earth; and

¢ the equipment is to be connected to that means; and

¢ a seRvicE PERsON shall check whether or not the socket-outlet from which the
equipment is to be powered provides a connection to the building protective

earth. If not, the service Person shall arrange for the installation of a proTECTIVE
EARTHING conpucToR from the separate protective earthing terminal to the
protective earth wire in the building.

Norway and Sweden, ToucH currRenNT measurement results exceeding 3,5 mA r.m.s. are permitted only for the

— STATIONARY PLUGGABLE EQUIPMENT TYPE A that

¢ is intended to be used in a RESTRICTED ACCESS LOCATION Where equipotential bonding has been applied, for
example, in a telecommunication centre,

* has provision for a permanently connected PROTECTIVE EARTHING CONDUCTOR, and

* is provided with instructions for the installation of that conductor by a service PERsON;

— STATIONARY PLUGGABLE EQUIPMENT TYPE B;

NAA
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— STATIONARY PERMANENTLY CONNECTED EQUIPMENT.

NOTE 4 In Denmark,

TOUCH CURRENT measurement results exceeding 3,5 mA r.m.s. are permitted only for PERMANENTLY CONNECTED EQUIPMENT

and PLUGGABLE EQUIPMENT TYPE B.

If the result of the ToucH cuRRENT measurement on any of the above equipments exceeds 3,5 mA
r.m.s., the following requirements a) and b) apply, and also, if relevant, those in 5.1.7.2.

a) The
per line

r.m.s. PROTECTIVE CONDUCTOR CURRENT Shall not exceed 5 % of the input current
under normal operating conditions. If the load is unbalanced, the largest of the

three line currents shall be used for this calculation.

To mes
CURRENT]

sure the PROTECTIVE CONDUCTOR CURRENT, the procedure for measuring ToucH
is used but the measuring instrument is replaced by an ammeter of negligible

impedance; and

b) On
adjacer

EARTH
BEFO

Compliance is

HICI! LEAKAGE CURRENT

b of the following labels, or a label with similar wording, shall be affixed
t to the equipment Ac maiNs suppLY connection:

WARNING WARNING

HIGH TOUCH CURRENT
EARTH CONNECTION ESSENTIAL
BEFORE ,CONNECTING SUPPLY

CONNECTION ESSENTIAL
E CONNECTING SUPPLY

Checked by inspection and measurement.

5.1.7.2 Simultaneous multiple connections to the supply

The following 4
CURRENT measu
its PROTECTIVE
including their

pplies to EUT tested in accordancetwith 5.1.2.3. If the result of the total ToucH
ement exceeds 3,5 mA r.m.s., thetest is repeated with each Ac mains suppLy and
URTHING CONDUCTOR connected ope at a time, with the other Ac MAINS SUPPLIES,
ROTECTIVE EARTHING CONDUCTORS;. disconnected. However, if two connections to the

AC MAINS SUPPLY @re inseparable, for example, connections for a motor and its control circuits, they

shall both be e
NOTE It is not expe!

If the result of t
the requiremen
% of the input
repeat test, is U

hergized for a repeat test.
ted that the EUT will operate normally during this test.

e ToucH cuBmENT measurement for any of the repeat tests exceeds 3,5 mA r.m.s.,
{s of 5.1=7.1"a) apply to that connection to the ac mains suppLy. For calculating 5
Current\per line, the input current from the Ac mains suppLy, measured during the
sed.
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5.1.8 Touch currents to telecommunication networks and cable distribution systems
and from telecommunication networks

NOTE

In this subclause, references to “TELECOMMUNICATION NETWORK connection ports” (or telecommunication ports) are intended to cover

those connection points to which a TeLEcommunicaTION NETWORK is intended to be attached. Such references are not intended to include

other data ports, such

as those commonly identified as serial, parallel, keyboard, game, joystick, etc.

5.1.8.1 Limitation of the touch current to a telecommunication network or to a cable
distribution system

The ToucH currenT from equipment supplied from the Ac MAINS SUPPLY tO @ TELECOMMUNICATION

NETWORK O a CA
Compliance is

The tests are n|
NETWORK Or a d
equipment; thq

DISTRIBUTION SYST]

For equipment
a8 CABLE DISTRIBU1

For equipment
if connected to

Terminal B of

pLE DISTRIBUTIUON SYSTEM b; |a” ;JU “lllitcu‘.
Checked using the test circuit detailed in 5.1.3.

ot applied to equipment where the circuit to be connected to a TELECOMMUNICATION
ABLE DISTRIBUTION SYSTEM IS connected to a protective earthing terthinal in the

TOoUCH CURRENT from the EUT to the TELECOMMUNICATION NETWORKNOf the cABLE
-1 is considered to be zero.

having more than one circuit to be connected to a TELECOMMUNICATION NETWORK OF
loN SYSTEM, the test is applied to only one example of each type of circuit.

that has no main protective earthing terminal, the‘earthing conductor switch ”¢e”,
a FUNCTIONAL EARTHING terminal on the EUT, is left.open. Otherwise it is closed.

he measuring instrument is connected to.thie earthed (neutral) conductor of the

supply. Termingl A is connected via the measurement switch ”s” and the polarity switch ”p2’ to

the TELECOMMUNI

For single-phas
and "p2’.

For three-phas
After applying ¢

Test measuren
in 5.1.6.

None of the va

CATION NETWORK OF CABLE DISTRIBUTION SYSTEM connection pOft.

e equipment, the test is madejn all combinations of the polarity switches "p1”

b equipment, the test is made in both positions of polarity switch ”p2”.
ach test condition,\the equipment is restored to its original operating state.

ents are made using one of the measuring instruments of Annex D as described

ues.measured in accordance with 5.1.8.1 shall exceed 0,25 mA r.m.s.

MARCH 27, 2007
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5.1.8.2 Summation of touch currents from telecommunication networks NAA
NOTE Annex W explains the background to 5.1.8.2.

An EUT that provides TELECOMMUNICATION NETWORK connection ports for connection of multiple

items of other telecommunication equipment, shall not create a hazard for users and
TELECOMMUNICATION NETWORK SERVICE PERSONS due to summation of ToucH CURRENT.

In these requirements, abbreviations have the following meanings:

— I is the ToucH currenT received from other equipment via a TELECOMMUNICATION

b i | H - b £ 4l L
NETWORKat < tereconmmucation port o tne o T,

— X/, ig the summation of ToucH currenTs received from other equipment at all such
telecommunication ports of the EUT;

— I, is the ToucH currenT due to the ac mains suppLy of the EUT.

It shall be asspmed that each telecommunication port receives 0,25 mA (/;)drom the other
equipment, unlgss the actual current from the other equipment is known to beAdower.

The following r¢quirements, a) or b) as applicable, shall be met:
a) EUT with earthed telecommunication ports

For an [EUT in which each telecommunication port is‘\connected to the main protective
earthing terminal of the EUT, the following items,A);/2) and 3) shall be considered:

1) If 2/ (not including k) exceeds 3;5' mA:

— the equipment shalk have provision for a permanent connection to

protective earth in addition to the PROTECTIVE EARTHING CONDUCTOR in the
power supply cordhof PLUGGABLE EQUIPMENT TYPE A Of PLUGGABLE EQUIPMENT
TYPE B; and

— the installation instructions shall specify the provision of a
permanent connection to protective earth with a cross-sectional area
of adt less than 2,5 mm?2, if mechanically protected, or otherwise 4,0
fam?2; and

— one of the following labels, or a label with similar wording, shall be
affixed adjacent to the permanent earth connection. It is permitted to
combine this label with the label in 5.1.7.1 b).
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WARNING WARNING
HIGH LEAKAGE CURRENT HIGH TOUCH CURRENT
EARTH CONNECTION ESSENTIAL EARTH CONNECTION ESSENTIAL
BEFORE MAKING BEFORE MAKING
TELECOMMUNICATION NETWORK TELECOMMUNICATION NETWORK
CONNECTIONS CONNECTIONS

2) Xl plus I, shall comply with the limits in Table 5A (see 5.1.6).

3) If relevant, such equipment shall comply with 5.1.7. The value of |, shall be
used to calculate the 5 % input current limit per phase specified in 5.1.7.

Compliance with item a) is checked by inspection and if necessary by test.

If the equipment has provision for a permanent protective earth connection in accordance with
item 1) above, |t is not necessary to make any measurements, except that I, shall comply with
the relevant requirements of 5.1.

TOUCH CURRENT tests, if necessary, are made using the relevant measuring instrument described
in Annex D or @ny other instrument giving the same results. A capacitively coupled a.c. source
of the same |line frequency and phase as the Ac wmains suppLy s \dpplied to each
telecommunication port such that 0,25 mA, or the actual current from other equipment if known
to be lower, is|available to flow into that telecommunication port. £he current flowing in the
earthing condugtor is then measured.

b) EUT whose telecommunication ports have no reference to protective earth

If the tglecommunication ports on the EUT do not have a common connection, each
telecompmunication port shall comply with 5.1.8:1.

If all telecommunication ports or any groups of such ports have a common connection,
the totgl ToucH currenT from each common connection shall not exceed 3,5 mA.

Compliance with item b) is checked by(inspection and if necessary by the tests of 5.1.8.1 or, if
there are comnpon connection points,-by the following test.

A capacitively ¢oupled a.c. source of the same frequency and phase as the Ac MAINS suPPLY iS
applied to eacH telecommunication port such that 0,25 mA, or the actual current from the other
equipment if krjown to be-lewer, is available to flow into that telecommunication port. Common
connection points are tested in accordance with 5.1, whether or not the points are accessible.
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5.1.8.3 Limitation of touch current due to ringing signals D2 NAA

An EUT that receives ringing voltages on more than one TELECOMMUNICATION NETWORK connection D2
port shall have simulated ringing applied to the network connections. D2

Simulated ringing_shall be applied to 3 % (rounding down) of the ports receiving ringing in D2
excess of three ports. D2

Equipment containing input TeLEcommunicaTioN NETWORK leads over which ringing voltages are D2
applied to the equipment shall be tested using the circuit of Figure 5C for mains-connected D2
equipment or Figure 5D for other equipment. For any position of the selector switches. the D2

current values shattnotexceed-theretevanttimits bgcuificu‘ i TabteS5A: D2

Compliance _is| checked by the following tests which are conducted using the measufing D2
instrument desgribed in Annex D. Simulated ringing at 120 V., 50 to 60 Hz. shall be applied fo D2
ringing input TELEcoMMUNICATION NETWORK leads, either one lead at a time or connected-together. D2
Other TeLEcommbnicaTION NETWORK leads shall be left disconnected. Equipment shall be~evaluated D2
in _each operating state, including ground start. The general test methods of 5:1 shall apply. D2
checking leakage current for all positions of switches S1, S2 and S3. D2

NOTE 1 Conducting| the test with the leads connected together generally is a more efficient, though’sometimes more onerous. test D2
method. Compliance dising either test method is acceptable. D2

NOTE 2 This requirgment is intended to measure the total touch current of the product, in€luding touch current due to ringing signals D2
and determine that thj total touch current of the ;roduct continues to com;I; with Table 5A\This reZuirement su;;Iements 5.1.8.2, which D2

considers cumulative fouch currents associated with all telecommunication ports in the product, but not ringing signals exclusively. D2
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D2

Ringing input D2
Isolating telecommunication D2
transformers netyork connections D2

D2
Mains D2
D2
D2
1l ]2 D2

Equipment
under test

| Eaui ¢ D2
R i quipmen
sii\'ltir}:wsmg protective D2

/_\ —  earth terminal D2
\/

—— q
s2 M ) D2
Mains * ine:tilf;':zg‘t D2
3 D2

D2
D2
D2
D2
D2
D2
D2
D2
D2

Figure 5C i Test circuit for earth leakage current on mains-connected equipment D2
D2

¢ D2
Equipment D2
under test Ringing input Do
telecommunication
network connections D2

D2
D2

Power
(if present> BZ

D2
D2
D2

Isolating Touchable D2
transformer surfaces D2
D2

D o

Mains o g
3 H g instrument D2
D2

120 V secondary D2

SM969 D2
D2

D2
D2

Figure 5D — Test circuit for earth leakage current on other than mains-connected D2

equipment D2
D2

(218

120 V secondary
SM967



https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

MARCH 27, 2007 CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

227

5.2 Electric strength

NOTE Where specific reference to conducting the electric strength test according to 5.2 is made in other parts of this standard, it is
intended that the electric strength test be conducted with the equipment in a well-heated condition according to 5.2.1.

Where specific reference to conducting the electric strength test according to 5.2.2 is made in other parts of this standard, it is intended
that the electric strength test be conducted without preheating according to 5.2.1.

5.2.1 General

The electric strength of the soLip INsuLATION used in the equipment shall be adequate.

Compliance is [checked in accordance with 5.2.2 while the equipment is still in a well-heated
condition immepiately following the temperature test in 4.5.2.

If a componentlor subassembly is tested separately outside the equipment, it is brought to the
temperature atfained by that part during the temperature test in 4.5.2 (for example, by,placing it
in an oven) pripr to performing the electric strength test. However, it is permitted”to conduct
electric strength testing of thin sheet material for suPPLEMENTARY INSULATION OF REINFORCED INSULATION,
according to 2.§0.5.9 or 2.10.5.10, at room temperature.

No electric strehgth test applies to insulation in a transformer between any winding and the core
or screen, provjded that the core or screen is totally enclosed or encapsulated and there is no
electrical conngction to the core or screen. However, the tests”between parts that have
terminations continue to apply.
5.2.2 Test propedure
Unless otherwise specified elsewhere in this standard the insulation is subjected either to a
voltage of substantially sine-wave form having a ftequency of 50 Hz or 60 Hz, or to a d.c. test
voltage equal tp the peak voltage of the prescribed a.c. test voltage.
The test voltagés for electric strength for-the-appropriate grade of insulation [FUNCTIONAL INSULATION
if required by 8.3.4 b), BASIC INSULATION, “\SUPPLEMENTARY INSULATION Of REINFORCED INSULATION] are as
specified in either:

— Table 5B using the (penk workinGg voLTAce (U), as determined in 2.10.2; or

— Table 5C usingthe REQUIRED WITHSTAND VOLTAGE, as determined in G.4.

NOTE 1 In various glaces, in this standard, special electric strength tests or test voltages are specified for certain situations. The test

voltages in 5.2.2 do npt'apply to these situations.

NOTE 2 For consideration of temporary overvoltages, see IEC 60664-1.

For equipment in Overvoltage Category | and Overvoltage Category ll, it is permitted to use
either Table 5B or Table 5C. However, for a seconpARy circuiT that is neither connected to
protective earth nor provided with a protective screen in accordance with 2.6.1 e), Table 5C shall
be used.

For equipment in Overvoltage Category Ill and Overvoltage Category 1V, Table 5C shall be
used.
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The voltage applied to the insulation under test is gradually raised from zero to the prescribed
voltage and held at that value for 60 s.

Where, elsewhere in this standard, rouTiNe TESTS are required to be conducted in accordance
with 5.2.2, it is permitted to reduce the duration of the electric strength test to 1 s and to reduce
the test voltage permitted in Table 5C, if used, by 10 %.

There shall be no insulation breakdown during the test.

Insulation breakdown is considered to have occurred when the current that flows as a result of
the application of the test voltage rapidly increases in an uncontrolled manner, that is the

insulation doe
flashover is no

Insulation coa

To avoid dama

regarded as insulation breakdown.
ings are tested with metal foil in contact with the insulating surface. This
is taken that the metal foil is so placed that no flashover occurs-at the edges
. Where adhesive metal foil is used, the adhesive shall be conductive.

e to components or insulation that are not involved in thé:test, disconnection of

integrated circuits or the like and the use of equipotential bonding are permitted.

For equipment

incorporating both RreinForcep INsuLATION and lower/grfades of insulation, care is

taken that the Yoltage applied to the REINFORCED INSULATION dOES 10t OVerstress BASIC INSULATION OF
SUPPLEMENTARY INSULATION.

NOTE 3 Where ther

that d.c. test voltages

b are capacitors across the insulation under test (for examplé, radio-frequency filter capacitors), it is recommended
are used.

NOTE 4 Componen£ providing a d.c. path in parallel with the insulation to be tested, such as discharge resistors for filter capacitors,

voltage limiting devic

or surge suppressors, should be discohpected.

Where insulatign of a transformer winding varies along the length of the winding in accordance
with 2.10.1.5, gn electric strength tést method is used that stresses the insulation accordingly.

NOTE 5 An examplq of such a test methad i$ an induced voltage test that is applied at a frequency sufficiently high to avoid saturation

of the transformer. Th

No test is appli

E input voltage is-raised to a value that would induce an output voltage equal to the required test voltage.

2d t0 FUNGTIONAL INSULATION, unless 5.3.4 b) has been selected.
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Table 5B — Test voltages for electric strength tests based on peak working voltages

Part 1
Points of application (as appropriate)
PRIMARY CIRCUIT to BODY SECONDARY CIRCUIT to
PRIMARY CIRCUIT to SECONDARY CIRCUIT BODY

between parts in PRIMARY CIRCUITS between independent
SECONDARY CIRCUITS

WORKING VOLTAGE U, peak or d.c. WORKING VOLTAGE U
Grade of insulation Uptoand | Over 210V | Over 420 V | Over 1,41 | Over 10 kV | Up to and | Over 42,4 V
including up to and up to and kV up to up to and including peak or 60
210V @ including including and including | 42,4 V peak | V d.c. up to

420 VP 1,41 kV including 50 kV or 60 V d.c. and

10 kv ¢© d in¢luding
10 kV peak

of d.c. d

Test voltage, volts a.c. r.m.s.

FUNCTIONAL 1 000 1 500 see V,in see V,in 1,06 U 500 see|V, in
Table 5B, Table 5B, Table 5B,
part 2 part 2 part|2

BASIC, SUPPLEMIENTARY 1 000 1500 see V, in see V,in 1,06 U No test see|V, in
Table 5B, Table 5B, Table 5B,
part 2 part 2 part|2

REINFORCED 2 000 3 000 3 000 see VW, in 1,06 U No test see|W, in

Table 5B Table 5B,
part 2 part|{2

For PEAK WORK|
voltages as for PH

a8  Use this colun
b Use this colun

NG VOLTAGES exceeding 10 kV peak or d.c. in SECONDARY CIRCUITS, the same test
IMARY CIRCUITS apply.

n for unearthed DC MAINS SUPPLIES up to and incltding 210 V [see 2.10.3.2 c)].
n for unearthed DC MAINS SUPPLIES over 210 ¥, up to and including 420 V [see 2.10.3.2 c)].

for unearthed DC MAINS SUPPLIES over 420V [see 2.10.3.2 c)].

SUPPLIES that arfe earthed within the same building.

¢ Use this column
d  Use these coIanns for d.c. derived within the equipment ffem an AC MAINS SUPPLY or for DC MAINS

Table 5B — |Test voltages for electric strength tests based on peak working voltages

Part 2
peali or a Yo peali or Va Y pealil( or Va Y
dec. a.c.f.m.s. | a.c. r.m.g{ o a.c.r.m.s. | a.c.r.ms. o a.c.r.m.s. | a.c.r.m.s.
34 500 800 250 1261 2018 1750 3 257 3257
35 507 811 260 1285 2 055 1 800 3 320 3 320
36 q13 821 270 1307 2 092 1900 3444 3 444
38 526 842 280 1 330 2127 2 000 3 566 3 566
40 539 863 296 +35+1 2-+62 2-166 3-685 3685
42 551 882 300 1373 2 196 2 200 3 803 3 803
44 564 902 310 1 394 2 230 2 300 3 920 3 920
46 575 920 320 1414 2 263 2 400 4 034 4 034
48 587 939 330 1435 2 296 2 500 4147 4147
50 598 957 340 1455 2 328 2 600 4 259 4 259
52 609 974 350 1474 2 359 2 700 4 369 4 369
54 620 991 360 1494 2 390 2 800 4 478 4 478
56 630 1008 380 1532 2 451 2 900 4 586 4 586
58 641 1025 400 1 569 2510 3 000 4 693 4 693
60 651 1041 420 1 605 2 567 3100 4798 4 798

Table 5B — Test voltages for electric strength tests based on peak working voltages Continued on Next Page
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Table 5B — Test voltages for electric strength tests based on peak working voltages

Continued
u U U
peakor | . . ‘r/.am.s. a.c. ‘:.bm.s. peakor | . .. ‘r/?m.s. a.c. ‘r/.bm.s. peakor | o ‘r/.am.s. a.c. ‘r/.bm.s.
d.c. d.c. d.c.
62 661 1 057 440 1 640 2 623 3 200 4 902 4 902
64 670 1073 460 1674 2 678 3 300 5 006 5 006
66 680 1088 480 1707 2731 3 400 5108 5108
68 690 1103 500 1740 2784 3 500 5209 5209
70 699 1118 520 1772 2 835 3 600 5 309 5 309
72 708 1133 540 1803 2 885 3 800 5 507 5 507
74 mrz 1147 560 1834 2 934 4 000 5702 5702
76 726 1162 580 1 864 2982 4 200 5 894 5 894
78 735 1176 588 1875 3 000 4 400 6 082 6082
80 44 1190 600 1893 3 000 4 600 6 268 6 268
85 765 1224 620 1922 3 000 4 800 6 452 6 452
90 785 1257 640 1951 3 000 5 000 6 638 6 633
95 g05 1288 660 1979 3 000 5200 6 811 6 811
100 825 1319 680 2 006 3 000 5400 67987 6 987
105 844 1 350 700 2 034 3 000 5 600 7 162 7 162
110 g62 1379 720 2 060 3 000 5 800 7 334 7 334
115 8380 1408 740 2 087 3 000 6,000 7 504 7 504
120 897 1436 760 2113 3 000 6 200 7 673 7 673
125 q15 1463 780 2138 3 000 6 400 7 840 7 840
130 931 1490 800 2164 3 000 6 600 8 005 8 005
135 948 1517 850 2225 3(000 6 800 8 168 8 168
140 964 1542 900 2 285 3 000 7 000 8 330 8 330
145 980 1 568 950 2 343 3 000 7 200 8 491 8 491
150 995 1 593 1 000 2 399 3 000 7 400 8 650 8 650
152 1 P00 1 600 1 050 24454 3 000 7 600 8 807 8 807
a 155 1 P00 1617 1100 2 508 3 000 7 800 8 964 8 964
2160 1 P00 1 641 1150 2 560 3 000 8 000 9119 9119
2165 1 P00 1 664 1200 2611 3 000 8 200 9273 9273
a170 1 po0 1688 1,260 2 661 3 000 8 400 9 425 9 425
a175 1 P00 1711 1 300 2710 3 000 8 600 9 577 9 577
2180 1 p0oo 1733 1 350 2 758 3 000 8 800 9727 9727
2184 1 p0oo 1,751 1 400 2 805 3 000 9 000 9 876 9 876
185 1Pp97 1<55 1410 2814 3 000 9 200 10 024 10 024
190 1011 1777 1450 2 868 3 000 9 400 10171 10 171
200 1[13% 1820 1 500 2934 3 000 9 600 10 317 10 317
210 1163 1 861 1550 3 000 3 000 9 800 10 463 10 463
220 1189 1902 1 600 3 065 3 065 10 000 10 607 10 607
230 1214 1942 1650 3130 3130
240 1238 1980 1700 3194 3194
Linear interpolation is permitted between the nearest two points.
a) At these voltages, the values of V, are determined by the general curve V, = 155,86 (24638 and are not 1,6 V.
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Table 5C - Test voltages for electric strength tests based on required withstand
voltages
REQUIRED WITHSTAND VOLTAGE Test voltage for BASIC Test voltage for REINFORCED
up to and including kV peak INSULATION or SUPPLEMENTARY INSULATION
INSULATION
kV peak a.c. or d.c.

0,33 0,35 0,5

0,5 0,5 0,8

0,8 0,8 1,5

1,5 1,5 2,5

4,0 4 6

4,0 6 8

8,0 8 12

2 12 18

y2 U 1,5 x U
Linear interpolatiop is permitted between the nearest two points.
If FUNCTIONAL INSULATION is tested (as required by 5.3.4 b), the test voltage for a WORKINGWOLTAGE up to
and including 42,4 V peak or 60 V d.c. shall not exceed 707 V peak or d.c. For a higher WORKING VOLTAGE, the
test voltage givenlin Table 5B or Table 5C is used.
a8 Uis any REQUIRED WITHSTAND VOLTAGE higher than 12,0 kV.

5.3 Abnormal
5.3.1 Protectid

Equipment sha|
electrical overldg
practicable.

After abnormal
OPERATOR in the
in full working d

operating and fault conditions
)n against overload and abnormal operation
| be so designed that the risk of fire or\electric shock due to mechanical or

ad or failure, or due to abnormal operation or careless use, is limited as far as

operation or a single fault (see“1.4.14), the equipment shall remain safe for an
meaning of this standard, badt'it is not required that the equipment should still be
rder. It is permitted to use*fusible links, THERMAL cuT-ouTs, overcurrent protection

devices and thg like to provide adequate protection.

Compliance is
checked that th

If a component
in 5.3 is not pr4
to make the tes

Checked by inspection and by the tests of 5.3. Before the start of each test, it is
e equipmentiis operating normally.

or subassembly is so enclosed that short-circuiting or disconnection as specified
cticabfe or is difficult to perform without damaging the equipment, it is permitted
ts‘on/sample parts provided with special connecting leads. If this is not possible

or not practical

tHOo—TOOTOT

Equipment is tested by applying any condition that may be expected in normal use and
foreseeable misuse.

In addition, equipment that is provided with a protective covering is tested with the covering in
place under normal idling conditions until steady conditions are established.
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5.3.2 Motors

Under overload, locked rotor and other abnormal conditions, motors shall not create a hazard
due to excessive temperatures.

NOTE Methods of achieving this include the following:
— the use of motors that do not overheat under locked-rotor conditions (protection by inherent or external impedance);
— the use in seconDARY circuiTs of motors that may exceed the permitted temperature limits but that do not create a hazard;
— the use of a device responsive to motor current;
— the use of an integral THERMAL cuT-ouT;
— the use of a sensing circuit that disconnects power from the motor in a sufficiently short time to prevent overheating if, for
example, the motor fails to perform its intended function.

Compliance is ¢hecked by the applicable test of Annex B.
5.3.3 Transformers P2
Transformers shall be protected against overload, for example, by:
— overgurrent protection;
— internal THERMAL cuT-ouUTS, Or
— use of current limiting transformers.
Compliance is ¢hecked by the applicable tests of Clause C.1.
5.3.4 Functional insulation

For FUNCTIONAL |NSULATION, CLEARANCES and cREePAGE DISTANCES shall satisfy one of the following
requirements a) or b) or c).

For insulation Qetween a seconpaARry circulT andvan inaccessible conductive part that is earthed
for functional rgasons, cLEARANCES and CREEPAGE DISTANCES shall satisfy a) or b) or c).

a) They meet the cLEARANCE and CREEPAGE DISTANCE requirements for FUNCTIONAL
INSULATION in 2.10 (or Annex-G).

b) They withstand the €electric strength tests for FuncTiONAL INsuLATION in 5.2.2.
c) They are short-circuited where a short-circuit could cause

* ‘overheating of any material creating a risk of fire, unless the material that

catld ha ovarhaatad is of Vet oL ace MATEDIAL  AOF
GOLhe—B acasa S-S0 =1—CEASSMAFERIAL—O

e thermal damage to BasIC INSULATION, SUPPLEMENTARY INSULATION OI' REINFORCED
INSULATION, thereby creating a risk of electric shock.

Compliance criteria for 5.3.4 c) are in 5.3.9.
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5.3.5 Electromechanical components
Where a hazard is likely to occur, electromechanical components other than motors are checked
for compliance with 5.3.1 by applying the following conditions:
— mechanical movement shall be locked in the most disadvantageous position while
the component is energized normally; and
— In the case of a component which is normally energized intermittently, a fault shall
be simulated in the drive circuit to cause continuous energizing of the component.
The duration ofreachtest-shatr-be—asfotfows:
— for eguipment or components whose failure to operate is not evident to the
oPerATAR: as long as necessary to establish steady conditions or up to the interruption
of the gircuit due to other consequences of the simulated fault condition, whichever is
the sharter; and
— for other equipment and components: 5 min or up to interruption of the circuit due
to a failure of the component (for example, burn-out) or to other cohsequences of the
simulated fault condition, whichever is the shorter.
For compliancq criteria see 5.3.9.
5.3.6 Audio amplifiers in information technology equipment
Equipment hawng audio amplifiers shall be tested in acedrdance with 4.3.4 and 4.3.5 of IEC
60065. The equipment shall be operating normally before the tests are conducted.
5.3.7 Simulatipn of faults P.1

For componen
compliance is d

NOTE 1 In Canadal
connections apply.

ts and circuits other than>those covered by 5.3.2, 5.3.3, 5.3.5 and 5.3.6,
hecked by simulating single-fault conditions (see 1.4.14).

and the United States, additional requirements for overloading and other fault simulation for internal circuit

The following f.
a) Sh

b) Sh

ults are simulated.
-circuit.or disconnection of any components in PRIMARY CIRCUITS.

~circuit or disconnection of any components where failure could adversely

affect s

UPPLEMENTARY INSULATION OI' REINFORCED INSULATION.

¢) Short-circuit, disconnection or overloading of all relevant components and parts

unless

NOTE 2

they comply with the requirements of 4.7.3.

An overload condition is any condition between NorwAL LoAD and maximum current condition up to short-circuit.

d) Faults arising from connection of the most unfavourable load impedance to
terminals and connectors that deliver power from the equipment, other than mains
power outlets.
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e) Other single faults specified in 1.4.14.

f) Overloading of internal (e.q.. card cage) seLv circuir connectors and printed wirin

board connectors, or both, that are accessible to the operator and that deliver power.
The connectors shall be connected to a load that draws the maximum available output
current. The maximum available output current shall be:

(1) that current which is just below the trip point of any overcurrent or
overtemperature protective device. The trip point of an overcurrent protective
device shall be considered to be 110 % of its current rating; or

o)

Where there an
sample outlet.

If the circuit is i

L ) H HN| - s .~
(2] UTC TTIaANTTUlll avallalic UULIJuUt CUTTCTTL.

e multiple outlets having the same internal circuitry, the test is only made on.ehe

hferrupted by the opening of a component, the test shall be repeated twice (three

tests total), usipg new components as necessary.

For component
appliance coup
is simulated, p

NOTE 3 Such comp
5.2.2.

S in PRIMARY circuITS associated with the mains input, such as/the supply cord,
ers, EMC filtering components, switches and their intercorinecting wiring, no fault
ovided that the component complies with 5.3.4 a) or 5.3'4'b).

bnents are still subject to other requirements of this standard where applicable, including 1.5.1, 2.10.5, 4.7.3 and

In addition to the compliance criteria given in 5.3.9, tempéeratures in the transformer supplying

the component
taken of the g
replacement.

5.3.8 Unatteng
Equipment inte
cuT-oUTS, or hav

contacts, is sub

THERMOSTATS, TEN
requirements in

Equipment is of

under test shall not exceed those specified in Clause C.1, and account shall be
xception detailed in Clause C.1.regarding transformers that would require
ed equipment

hded for unattended use‘and having THERMOSTATS, TEMPERATURE LIMITERS and THERMAL
ing a capacitor not_protected by a fuse or the like connected in parallel with the

jected to the following tests.

PERATURE LIMITERS and THERMAL cuT-ouTs are also assessed for compliance with the
Clause K¢®:

perated under the conditions specified in 4.5.2 and any control that serves to limit

the temperature

b Yis Jshort-circuited. If the equipment is provided with more than one THERMOSTAT,

TEMPERATURE LIMITER OF THERMAL cUT-oUT, each is short-circuited, one at a time.

If interruption of the current does not occur, the equipment is switched off as soon as steady
conditions are established and is permitted to cool down to approximately room temperature.

For equipment

not intended for continuous operation, the test is repeated until the temperature

has stabilized, regardless of any marking of RATED OPERATING TIME OF RATED RESTING TIME. For this test

the THERMOSTATS

. TEMPERATURE LIMITERS and THERMAL cuT-ouTs are not short-circuited.

D2
D2
D2
D2

D2
D2
D2

D2

D2
D2

P.1
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If in any test a
before the tem,

MANUAL RESET THERMAL cUT-oUT operates, or if the current is otherwise interrupted
perature has stabilized, the heating period is taken to have ended; but if the

interruption is due to the rupture of an intentionally weak part, the test is repeated on a second
sample. Both samples shall comply with the conditions specified in 5.3.9.

5.3.9 Compliance criteria for abnormal operating and fault conditions

5.3.9.1 During

the tests

During the tests of 5.3.4 ¢), 5.3.5, 5.3.7, 5.3.8 and Clause C.1:

— ifaf

— the 4

bl s Fu) () . - Il
rcoceuro 1t oriair 1ot propayailc Uy urid e CYUipITicTit, arlda

quipment shall not emit molten metal; and

—_if a wire or a printed wiring board trace in the privarY circuiT opens, the gap.shall be

electric]
each o

— ifat]

manne.
repeatd

— ENCL(
2.6.1, 4

Moreover, durin
materials other

ally shorted and the test continued until ultimate results occur. This applies to
peurrence; and

face in a secondary circuit is designed to intentionally open inna repeatable
[, the test shall be conducted three times to determine if the Circuit does open
dly: and

sures shall not deform in such a way as to cause.non-compliance with 2.1.1,
.10.3 (or Annex G) and 4.4.1.

g the tests of 5.3.7 ¢), unless otherwise specified, the temperatures of insulating
than thermoplastic materials shall not exceed those in Table 5D.

Table 5D — Temperature limits‘for overload conditions

Maximum temperature °C

Thermal class

105 (A)

20 (E) 130 (B) 155 (F) 180 (H) 200 220 250

150

165 175 200 225 245 265 295

The designations

A to H, formerly assigned in IEC 60085 to thermal classes 105 to 180, are given in parentheses.

If the failure of|
becoming acce
permitted for in

the insulation*would not result in HAZARDOUS VOLTAGES O HAZARDOUS ENERGY LEVELS
5sible, a-tmaximum temperature of 300 °C is permitted. Higher temperatures are
Sulation~made of glass or ceramic material.

D2
D2
D2

D2
D2
D2


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

236

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

MARCH 27, 2007

5.3.9.2 After the tests

After the tests of 5.3.4 c¢), 5.3.5, 5.3.7, 5.3.8 and Clause C.1, an electric strength test according
to 5.2.2 is made on:

— REINFORCED INSULATION, and

— BASIC

— BASIC

INSULATION OF SUPPLEMENTARY INSULATION forming part of pousLE INsULATION; and

INSULATION between the privary circuiT and the main protective earthing terminal;

if any of the fol

— the d
2.10 (o

— the i
— the i
6 Connection

If the equipmer
6 apply in addif

NOTE 1 It is assum
that the overvoltages
may exceed 1,5 kV p

owingapptes:

LEARANCE OF CREEPAGE DISTANCE has been reduced below the value specified in
I Annex G); or

hsulation shows visible signs of damage; or
nsulation cannot be inspected.
to telecommunication networks

t is to be connected to a TELEcommuNIcATION NETWORK: the requirements of Clause
on to the requirements of Clauses 1 to 5 in this standard.

bd that adequate measures according to ITU-T RecommendatiomK.11 have been taken to reduce the likelihood
presented to the equipment exceed 1,5 kV peak. In installations where overvoltages presented to the equipment

ak, additional measures such as surge suppression may bé necessary.

NOTE 2 Legal requifements may exist regarding the connection of infofrmation technology equipment to a TELECOMMUNICATION NETWORK

operated by a public

etwork operator.

NOTE 3 The requirgments of 2.3.2, 6.1.2 and 6.2 can apply»to the same physical insulation or cLEARANCE.

NOTE 4 The Ac mMAIN
and Clause 6 does 1f
connected between th
also IEC 60664-1 and

NOTE 5 In Canada

line cross (telecommu

suppLY system, if used as a communication transmission medium, is not a TELECOMMUNICATION NETWORK (see 1.2.13.8),
ot apply. The other clduses of this standard will apply to coupling components, such as signal transformers,
e mains and other cifcuifry. The requirements for DOUBLE INSULATION OF REINFORCED INSULATION Will generally apply. See

Annex Z of thissstahdard for overvoltages to be expected at various points in the ac maINs supPLY System.

bnd the United States, additional requirements apply for Tnv circurTs for protection from overvoltage due to power
hication Jine contact with a power line), induction and earth potential rise from power line fault current.

6.1 Protection

of telecommunication network service persons, and users of other

equipment connected to the network, from hazards in the equipment

NAA
NAD
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6.1.1 Protection from hazardous voltages

Circuitry intended to be directly connected to a TELEcommuNicATION NETWORK shall comply with the
requirements for an SeLv CIRCUIT OF @ TNV CIRCUIT.

Where protection of the TeLecommunicaTioNn NETWORK relies on the protective earthing of the
equipment, the installation instructions and other relevant literature shall state that integrity of
protective earthing shall be ensured, see also 1.7.2.1.

Compliance is checked by inspection and measurement.

6.1.2 Separati

6.1.2.1 Requirpments

Except as specified in 6.1.2.2, there shall be insulation between circuitry intended to be
connected to a|reLecommunicaTiON NETWORK and any parts or circuitry that will be earttied-in some
applications, eifher within the EUT or via other equipment.

Surge suppressors that bridge the insulation shall have a minimum rated. 'operating voltage
Uop(for example, the sparkover voltage of a gas discharge tube) of

Uop = Upeak + AUsp + AUs,

where
Upeak i3 one of the following values:

for equipment intended to be installed in an area where the nominal voltage of
the Ac maiNs suppLY exceeds 130-V: 360 V

for all other equipment: 180 V

AUs, i the maximum increase of the rated operating voltage due to variations in
compoment production. If-this'is not specified by the component manufacturer, AU,
shall beg taken as 10 %-of-the rated operating voltage of the component.

AU, i9 the maximum increase of the rated operating voltage due to the component
ageing jover the expected life of the equipment. If this is not specified by the
compoment manufacturer, AU, shall be taken as 10 % of the rated operating voltage
of the gomponent.

NOTE 1 (AUsp + AUsa) may be a single value provided by the component manufacturer.

Compliance is checked by inspection and by the following tests. The dimensional and
construction requirements of 2.10 and Annex G do not apply for compliance with 6.1.2.

NOTE 2 In Finland, Norway and Sweden, there are additional requirements for the insulation. For the complete text, see EN
60950-1:2006.

Insulation is subjected to an electric strength test according to 5.2.2. The a.c. test voltage is as
follows:
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for equipment intended to be installed in an area where the nominal Ac MAINS suPpPLY
voltage exceeds 130 V: 1,5 kV

for all other equipment: 1,0 kV
The test voltages apply whether or not the equipment is powered from the Ac MAINS SUPPLY.

Components bridging the insulation that are left in place during electric strength testing shall not
be damaged. There shall be no breakdown of insulation during electric strength testing.

It is permitted to remove components that bridge the insulation, other than capacitors, during
electric strengthtesting:

If this option is chosen, an additional test with a test circuit according to Figure 6A is perforthed
with all components in place.

For equipment powered from an ac mains suppLy, the test is performed with a voltage equal to the
RATED VOLTAGE Of the equipment or to the upper voltage of the RATED VOLTAGE RANGE. (FOF equipment
powered from |gn pc maINs suppLy, the test is performed with a voltage equal’to the highest
nominal voltage of the ac mains suppLy in the region where the equipmentjs’to be used, for
example, 230 Y for Europe or 120 V for North America.

The current flowing in the test circuit of Figure 6A shall not exceed 10 mA.

Components bridging
the insulation, for example,
surge suppressors

Connection for Connection for
MAINS SUPPLY TELECOMMUNICATION
(not connected) NETWORK

? A (not connected)

EUT |
Insulation v
Connection for
protective earth or
parts or circuitry
to be connected
to protective earth
Rated voltage
5 0000
Y / \ mA /

SM431F

Figure 6A — Test for separation between a telecommunication network and earth
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6.1.2.2 Exclusions

The requirements of 6.1.2.1 do not apply to any of the following:

— PERMANENTLY CONNECTED EQUIPMENT OI' PLUGGABLE EQUIPMENT TYPE B;

— equipment that is intended to be installed by a service PErRson and has installation
instructions that require the equipment to be connected to a socket-outlet with a
protective earthing connection (see 6.1.1);

— equipment that has provision for a permanently connected PROTECTIVE EARTHING

CONDUC

NOTE In Finland, N
equipment intended

telecommunication cg

(i | (| T & s £ ) H o P fdlood (1 n
UR dllU 15 PTUVIUTU WILTT TS UL UHuUTIS TUT UIT TTistaliatult Ut tiat CUTTUULLUT.

rway and Sweden, the exclusions are applicable for PERMANENTLY CONNECTED EQUIPMENT, PLUGGABLE EQUIPMENT TYPE-B\@hd
o be used in a REsTRICTED Access LocaTioN where equipotential bonding has been applied, for example,“in a

htre, and which has provision for a permanently connected PROTECTIVE EARTHING coNDUCTOR and is gprovided with

instructions for the ingtallation of that conductor by a serviCE PERSON.

6.2 Protection
6.2.1 Separati

Equipment sha
and the followir

a) Uneg
be held
use (fo
laptop

b) Part
except
(see 2.

c) An g
other e
access

of equipment users from overvoltages on telecommunication networks
bn requirements

| provide adequate electrical separation between a any~1 cIRcuIT Or @ TNV-3 CIRCUIT
g parts of the equipment.

arthed conductive parts and non-conductive parts of the equipment expected to
or otherwise maintained in continuous contdct with the body during normal
example, a telephone handset or head set or the palm rest surface of a

br notebook computer).

s and circuitry that can be touehed by the test finger, Figure 2A (see 2.1.1.1),
contacts of connectors that cannot be touched by the test probe, Figure 2C
1.1).

ELV CIRCUIT, TNV-2 CIRCUIT OF a LIMITED CURRENT cIrcuIT provided for connection of
nuipment. The requirement for separation applies whether or not this circuit is
ble.

These requirements do.not apply where circuit analysis and equipment investigation indicate

that adequate f
which has a pe

rotection/is assured by other means, for example, between two circuits each of
Fmanent connection to protective earth.

Compliance is checked by inspection and by the tests of 6.2.2. The dimensional and
constructional requirements of 2.10 and Annex G do not apply for compliance with 6.2.1.

NOTE The requirements of 2.10 and Annex G may apply for compliance with 2.2 and 2.3. See Footnote e and Footnote f of Table 2H.
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Connection for
AC MAINS SUPPLY

(not connected)

Connection for

L TELECOMMUNICATION
~~___N_| NETWORK
EUT (not connected)
PE
A

sM432A

*Typical for
hand—held parts

=

LI

AN v Tonductive

. foil

Linked for
c) only
Test voltage (Y
generator @

Figure 6B — Application points of test.voltage

6.2.2 Electric gtrength test procedure

Compliance with 6.2.1 is checked by the test of eithéer 6.2.2.1 or 6.2.2.2.

NOTE In Australia, g

value of 3,0 kV is used for 6.2.1 a) equipment and 1,5 kV for 6.2.1 b) and 6.2.1 c) equipment. These values have

been determined congidering the low frequency induced voltdges from the power supply distribution system.

If a test is appli

bd fo a component (see.1.4.3), for example, a signal transformer, which is clearly

intended to prqvide the separation-required, the component shall not be bypassed by other
components, nmjounting devices\or wiring, unless these components or wiring also meet the

separation requ

For the tests,

connected toge
NETWORK author
other equipmen

irements of 6.2:

bll condugtors intended to be connected to the TELECOMMUNICATION NETWORK are
ther (see Figure 6B), including any conductors required by the TELECOMMUNICATION
fy to\be connected to earth. Similarly, all conductors intended to be connected to

t afe connected-toaether for testing related to 6 2 1 o)
+-Fe-6OHR86H8a10getReHo+esHRgHeraHea+to0-6—<—1——6/-

Non-conductive parts are tested with metal foil in contact with the surface. Where adhesive
metal foil is used, the adhesive shall be conductive.
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6.2.2.1 Impulse test

The electrical separation is subjected to ten impulses of alternating polarity, using the impulse
test generator reference 1 of Table N.1. The interval between successive impulses is 60 s and

U, is equal to:

—for6.2.1 a): 2,5 kV; and

—for6.2.1 b) and 6.2.1 ¢): 1,5 kV.

NOTE 1 The value of 2,5 kV for 6.2.1 a) has been chosen primarily to ensure the adequacy of the insulation concerned and it does not

necessarily simulate |Rety-overvonages.

NOTE 2 In Australia|
6.2.2.2 Steady
The electrical
The a.c. test va
— for 6.
— for 6.

NOTE In Australia,
simulate lightning sur

For 6.2.1 b) a

avalue of U, = 7,0 KV is used in 6.2.1 a) for hand-held telephones and for headsets.
-state test

eparation is subjected to an electric strength test according to 5.2:2:
ltage is:

P.1a): 1,5 kV; and

P.1 b) and 6.2.1 ¢): 1,0 kV.

value of 3,0 kV is used in 6.2.1 a) for hand-held telephones ahd headsets and 2,5 kV for other equipment, to
es on typical rural and semi rural network lines. A value ofN5kV is used in 6.2.1 b) and c).

hd 6.2.1 ¢), it is permitted to remoye* surge suppressors, provided that such

devices pass the impulse test of 6.2.2.1 for 6.2.10) and 6.2.1 c) when tested as components

outside the eqy
6.2.2.3 Compl
During the testj
Insulation brea
the application

insulation does

If a surge supp

ipment. For 6.2.1 a), surge suppressors shall not be removed.

ance criteria

b of 6.2.2.1 and 6.2 2.2, there shall be no breakdown of insulation.

down is considered to have occurred when the current that flows as a result of
of the test.voltage rapidly increases in an uncontrolled manner, that is the

not restriet-the flow of current.

essoroperates (or sparkover occurs within a gas discharge tube) during the test:

— for 6.2.1 a), such operation represents a failure; and

— for 6.2.1 b) and 6.2.1 c), such operation is permitted during the impulse test; and

— for 6

.2.1 b) and 6.2.1 c), such operation during the electric strength test (by any

surge suppressor left in place) represents a failure.

For impulse tests, damage to insulation is verified in one of two ways, as follows:
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— during the application of the impulses, by observation of oscillograms. Surge
suppressor operation or breakdown through insulation is judged from the shape of an
oscillogram.

— after application of all the impulses, by an insulation resistance test. Disconnection
of surge suppressors is permitted while insulation resistance is being measured. The
test voltage is 500 V d.c. or, if surge suppressors are left in place, a d.c. test voltage

that is

10 % less than the surge suppressor operating or striking voltage. The

insulation resistance shall not be less than 2 MQ.

NOTE A description

of procedures to judge whether a surge suppressor operation or breakdown of insulation has occurred, using

oscillograms, is given[lm AMMeExX S.

6.3 Protection

Equipment intg
equipment sha
telecommunica
maximum conti
the minimum w
1,3 A if such w

NOTE 1 The overcu

NOTE 2 The minimy

of the telecommunication wiring system from overheating

nded to provide power over the telecommunication wiring system te temote
Il limit the output current to a value that does not cause damage to the
ion wiring system, due to overheating, under any external load condition. The
nuous current from equipment shall not exceed a current limit thab is suitable for
re gauge specified in the equipment installation instructions.\Fhe current limit is
ring is not specified.

rent protective device may be a discrete device such as a fuse, or a circdit that performs that function.

m wire diameter normally used in telecommunication wiring is 0,4 mm} for which the maximum continuous current

for a multipair cable i 1,3 A. This wiring is not usually controlled by the equipment installation instructions, since the wiring is often

installed independent

of the equipment installation.

NOTE 3 Further curent limitation may be necessary for equipment intended for connection to networks that are subject to overvoltages,

due to operating para
Compliance is

If current limitin
any resistive lo
after 60 s of te{

If current limitin
characteristic:

— the
current|

neters for protective devices.

checked as follows.

g is due to the inherentimpedance of the power source, the output current into
hd, including a short-gircuit, is measured. The current limit shall not be exceeded

38

g is provided'\by an overcurrent protective device having a specified time/current

me/current characteristic shall show that a current equal to 110 % of the

limit will be interrupted within 60 min; and

NOTE 4 Time/current characteristics of type gD and type gN fuses specified in IEC 60269-2-1 comply with the above limit. Type gD or

type gN fuses rated 1

A, would meet the 1,3 A current limit.

— the output current into any resistive load, including a short-circuit, with the
overcurrent protective device bypassed, measured after 60 s of test, shall not exceed
1 000/U, where U is the output voltage measured in accordance with 1.4.5 with all
load circuits disconnected.

If current limitin

g is provided by an overcurrent protective device that does not have a specified

time/current characteristic:

NAA
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— the output current into any resistive load, including a short-circuit, shall not exceed
the current limit after 60 s of test; and
— the output current into any resistive load, including a short-circuit, with the
overcurrent protective device bypassed, measured after 60 s of test, shall not exceed
1 000/U, where U is the output voltage measured in accordance with 1.4.5 with all
load circuits disconnected.
Where a fuse is used tfo provide current limiting in accordance with 6.3, it shall not be D2
operator-accessible unless it is not readily interchangeable. D2
6.4 Protectionragainstovervoitage frompowertinecrosses D2 p.1
NAA
Equipment intgnded for connection to a TeLECOMMUNICATION NETwORK that uses outside cdble’ | D2 NAC
subject to overyoltage from power line failures shall comply with the construction requirements, D2
test conditions pr combination thereof as shown in Figure 6C. D2
NOTE 1 _In Figure 6€. "Pass 1. 2. 3. 4 or 5” means compliance with Test Condition 1, 2, 3, 4 or 5. respectively, 6f Annex NAC. D2
D2
D2
D2
D2
Maximum longitudinal voltage of 600 V can occur on inside witing that is protected with 3-mil D2
carbon blocks. |JAsymmetrical operation of the carbon blocks*can result in a metallic voltage of D2
up to 600 V when the longitudinal voltage is high enough.t6 operate one carbon block but not D2
the other (minimum 285 V peak). D2
Maximum indug¢ed current of 2.2 A, steady state.~¢an result from a high impedance power line D2
fault to earth. D2
Maximum 7 A for 5 s can result from induction or from earth potential rise after a power line D2
contact with a multi-earthed neutral conductor. D2
An 1%t of 2 400 ¢an result from pawer line contact with a telephone shielded cable. A combination D2
of 40 A, 1.5 s |s considered the worst case. % is used for current limits in adiabatic heating D2
processes. D2
A 120 V powerlline crossed with a telephone line can deliver up to 25 A to the telephone wiring, D2
limited by the wiring impedance. D2
Compliance with the construction requirements is checked by inspection. Compliance with the D2
test conditions is checked by the requirements in Annex NAC. D2
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No overvoltage D2
No ———»~ testing D2

Connects to
outside cable
D2

Yes D2
D2
D2

Min.
26 AWG
line cord 3)

100 A2-s
limiting )

Yes D2

Yes

Yes | D2

J D2

No
i >
Pass 6.1.2.14) No No PR D2

D2
D2
Yes D2
D2
< D2
D2
D2
D2
Noﬂ D2
D2

\ 4
A

B A
limiting 2)

Yes

FIRE
ENCLOSURE

FIRE
ENCLOSURE and
SPACINGS )

Pass 2 6)
Pass 3,4 7)

Yes

L D2
Yes Yes

) ) D2

D2
D2

D2
< Not >‘
Acceptable Acce;g)table < JJ D2

$3856D D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
D2
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D2
D2
D2
D2
D2
D2

Figure 6C — Overvoltage flowchart Bg
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Conditions applicable to Figure 6C:

1) Equipment contains a method for limiting current energy to 100 A%-s max. for Test Condition 1. A circuit
or component that complies with the Standard for Secondary Protectors for Communications Circuits, UL
497A. or CSA C22.2 No. 226, Protectors in Telecommunication Networks. shall be considered to comply
with this requirement.

2) Equipment contains a method for limiting current to 1.3 A max. steady state (e.q. a fuse rated 1.0 A

maximum) that also complies with the Standard for Secondary Protectors for Communications Circuits, UL
497A. or CSA C22.2 No. 226. Protectors in Telecommunication Networks.

3) Minimum No. 26 AWG telecommunication line cord, either supplied with the equipment or described in

the safet

4) The td
voltage o
voltage o

PLUGGABLE

5) In add
following]

6) Test (
steady s

7) Test(
design lir
equipme

instructions. See Annex NAA.

lephone line is adequately isolated from earth for the operating mode being considered at a
f 120 V. This may be determined by complying with the test of 6.1.2. Figure 6A. using a minimum

f 120 V. or an electric strength test of 120 V. The test is applicable t0 PLUGGABLE EQUIPMENT TYPE AY
EQUIPMENT TYPE B aNd PERMANENTLY CONNECTED EQUIPMENT.

ition to the requirements for a FiRe Encrosure, including consideration of HWI (4.7.3.2).)both of the
requirements apply for parts in Tnv circuits that might ignite under overvoltage ¢onditions:

a) the parts shall be separated from internal materials of FrammasiLiTY cLass Vi2 or lower by at least
25 mm of air or a barrier of FLavmaBiLITY cLass V-1 or better. The exceptions of 4.7.3.4 apply, except
that 25 mm shall be substituted wherever 13 mm is found.

b) the parts shall be separated from openings in the top or sides’of the encLosure by at least 25
mm of air or a barrier of FLamvasiLITY crass V-1 or better unless the openings comply with one of the
following:

— not exceed 5 mm in any direction; or

— not exceed 1 mm in width regardless of lenath.

ondition 2 is not required for equipment.containing a method for limiting current to 1.3 A max
te (e.q.. a fuse rated 1.0 A maximufm).

onditions 3 and 4 are not required for equipment whose application (because of system function

hitations. etc.) is limited te_connections to outside cable not exceeding 1 000 m (for example.

t that connects to ISDN reference points and certain proprietary telephone sets).

D2

D2
D2
D2
D2

D2
D2
D2

D2
D2

D2
D2
D2
D2

D2
D2

D2
D2
D2

D2
D2
D2

D2

D2

D2
D2

D2
D2
D2
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7 Connection

7.1 General

to cable distribution systems

If the equipment is to be connected to a casLE pisTRIBUTION sysTEM, the requirements of Clause 7
apply in addition to the requirements of Clauses 1 to 5 of this standard.

NOTE 1 Unless the

NOTE 2

connection uses coaxial cable, the circuit is not a casLE pisTrRiBUTION sysTEM, and Clause 6 applies.

It is assumed that adequate measures have been taken to reduce the likelihood that transient overvoltages presented to the

equipment exceed the following values:

— 10 kV fc
- 4KkVto

In installations where
suppression may be T

NOTE 3 Legal requ
operated by a public

NOTE 4 The ac maN
7 does not apply. For
such as signal transfd

eetHpRes b frRectec-ofiy—to-ar-ottdeoramtenne:
pther equipment, see ITU-T Recommendations K.20, K.21 and K.45.

bvervoltages presented to the equipment may exceed these values, additional measures such as surge
ecessary.

rements may exist regarding the connection of information technology equipment to a cABLE DISTRIBUTION SYSTEM
etwork operator.

suppPLY system, if used as a communication medium, is not a caABLE DISTRIBUTION SYSTEM (se€ 1.2.13.14) and Clause
lequipment to be connected to such systems, the other clauses of this standard wilkapply to coupling components,
rmers and capacitors, connected between the mains and other circuitry. Thesrequirements for bousLE INSULATION OF

REINFORCED INSULATION Will generally apply. See also Annex Z of this standard and IEC 60664-1 fof Oyervoltages to be expected at various

points in the Ac maINs
NOTE 5 It is assum

7.2 Protection

UPPLY System.
d that the cable shield will be earthed in accordance with the installation requirements of IEC 60728-11.

of cable distribution system service persons, and users of other

equipment comnected to the system, from hazardous voltages in the equipment

Circuitry intend
requirements f
depending on t

Where protectic
the installation
protective earth

Compliance is

NOTE For requirem

bd to be directly connected toxa casLe pisTRIBUTION sysTEM shall comply with the
Or a TNV-1 CIRCUIT, @ TNV-3 ‘GiRCUIT OF & HAZARDOUS VOLTAGE SECONDARY CIRCUIT,
ne normal operating voltage:

n of the caABLE DISTRIBUTION sYSTEM relies on protective earthing of the equipment,
instructions and other relevant literature shall state that the integrity of the
must be ensuted, see also 1.7.2.1.

Checked_by-inspection and by measurement.

nts in Finland, Norway and Sweden, see 6.1.2.1, Note 2 and 6.1.2.2, Note. The term TELECOMMUNICATION NETWORK in

BLE _DISTRIBUTION SYSTEM.

6.1.2 is replaced by ¢

NAD
NAE
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7.3 Protection of equipment users from overvoltages on the cable distribution system

The requirements and tests of 6.2 apply except that the term “TELECOMMUNICATION NETWORK” iS
replaced by “casLe pisTRiBUTION sysTEM” throughout 6.2. When applying 6.2 t0 CABLE DISTRIBUTION
sysTems, the separation requirements apply only to those circuit parts that are directly connected
to the inner conductor (or conductors) of the coaxial cable; the separation requirements do not
apply to those circuit parts that are directly connected to the outer screen or screens.

However, the separation requirements and tests of 6.2.1 a), b) and ¢) do not apply to a casLe
pisTRIBUTION sysTewm if all of the following apply:

- the L;Ibu;t uuu'cl CUI |biu'clatiun ;D a TNV=T CIRUUIT, al Id
— the dommon or earthed side of the circuit is connected to the screen of the coaxial
cable and to all accessible parts and circuits (seLv, accessible metal parts and LmiTED

CURRENT| CIRCUITS, if any); and

— the gcreen of the coaxial cable is intended to be connected to earth in“the building
installation.

NOTE 1 In Sweden, there are many buildings where the screen of the coaxial cable is normally not connected to the earth in the building
installation.

NOTE 2 For installajion conditions in Norway, see IEC 60728-11:2005.

Compliance is ¢hecked by inspection and the application of the' relevant requirements and tests
of 6.2.

7.4 Insulation|between primary circuits and cable distribution systems
7.4.1 General

Except as spegified below, the insulationbetween the primary circurr and the terminal or lead
provided for thg connection of a casLE DisTRiIBUTION sysTEM shall pass either:

— the Voltage surge test6f7.4.2 for equipment intended to be connected to outdoor
antennas; or

— the impulse test-of 7.4.3 for equipment intended to be connected to other casLE
DISTRIBUJION SYSTFEMS.

If an equipment\is intended for connection to both an outdoor antenna and another casLe

DISTRIBUTION SYSTEM, it shall pass the tests of 7.4.2 and 7.4.3.
The above requirement does not apply to any of the following:

— equipment intended for indoor use only, provided with a built in (integral) antenna
and not provided with a connection t0 a CABLE DISTRIBUTION SYSTEM;

— PERMANENTLY CONNECTED EQUIPMENT, OF PLUGGABLE EQUIPMENT TYPE B, in which the circuit
intended to be connected to the caBLE DIsTRIBUTION SYSTEM iS also connected to
protective earth in accordance with 2.6.1 e);
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— PLUGGABLE EQUIPMENT TYPE A, in which the circuit intended to be connected to the casLE
DISTRIBUTION SYSTEM iS also connected to protective earth in accordance with 2.6.1 e);
and either

e is intended to be installed by a service PERsoN and has installation
instructions that require the equipment to be connected to a socket-outlet with
a protective earthing connection; or

e has provision for a permanently connected PROTECTIVE EARTHING CONDUCTOR,
including instructions for the installation of that conductor.

- toe

Compliance is
impulse test of

NOTE Minimum cLEA
between PRIMARY CIRCU
of 7.4.2 or 7.4.3.

.|uip| el It VV; ICICT.

e the circuit under consideration is a TNv-1 cIrcuIT; and

e the common or earthed side of the circuit is connected to the screen_of'the
coaxial cable and to all accessible parts and circuits (SELV, accessible’ metal

parts and LIMITED CURRENT CIRCUITS, if any); and

¢ the screen of the coaxial cable is intended to be connectéduto earth in the
building installation.

checked by inspection and if necessary by the vaftage surge test of 7.4.2 or
7.4.3.

Rances are determined by the requirements of 2.10.3 (or Annex G). It may be necessary to increase the cLEARANCES

Irs and seconpARY circulTs intended for connection to caBLE pigTRIBUTION sysTEMs SO that the circuits can pass the tests

7.4.2 Voltage surge test

The test is ap
terminal, if any
excluding any
connection poil
disconnected b

Conditioning pd

— the d
condud

plied between the supply cireuit terminals and the main protective earthing
, joined together, and the-connection points for the CABLE DISTRIBUTION SYSTEM,
earthed conductor, joined together. All components connected between the
ts for the casLE pisTRIBUTION SYsTEM and the main protective earthing terminal are
efore the test. If anyon/off switch is provided, it is in the ”ON” position.

Ises are applied between

onnection points for the cABLE pisTRiBUTION SYSTEM, excluding any earthed
for,.joined together, and

— the supply circuit terminals and the main protective earthing terminal, if any, joined
together.

Fifty discharges are applied from the impulse test generator reference 3 of Table N.1, at a
maximum rate of 12 pulses per minute, with U, equal to 10 kV.

After the above conditioning, the relevant electric strength tests of 5.2.2 are applied.
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7.4.3 Impulse test

The test is applied between the supply circuit terminals and the main protective earthing
terminal, if any, joined together, and the connection points for the CABLE DISTRIBUTION SYSTEM,
excluding any earthed conductor, joined together. All components connected between the
connection points for the casLe pisTriBuTION SYSTEM and the main protective earthing terminal are
disconnected before the test. If an on/off switch is provided, it is in the “ON” position.

Ten conditioning pulses of alternating polarity are applied from the impulse test generator
reference 1 of Table N.1. The interval between successive impulses is 60 s, and U, is equal to

- 5 k‘/’ fUl MUWCT -fc'u' IC‘}JGal‘UI o,
— 4 kW for all other terminal and network equipment.
After the abovg conditioning, the relevant electric strength tests of 5.2.2 are applied.

The 4 KV test ig not needed for an electrical separation that complies with the 3 000’V r.m.s. or
4 242 V peak 4.c. or d.c. test in accordance with 5.2.2.
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It should be no
tests should be

Annex A
(normative)
Tests for resistance to heat and fire

ted that toxic fumes may be given off during the tests. Where appropriate the
conducted either under a ventilated hood or in a well-ventilated room, but free

from draughts that could invalidate the tests.

A.1 Flammability test for fire enclosures of movable equipment having a total mass

exceeding 18 kgand-of-stationaryequipment-(see4-73:2)

A.1.1 Sampleg

Three samples

each consisting of either a complete Fire ENcLOSURE or a section of. thé Fire

ENCLOSURE reprgsenting the thinnest significant wall thickness and including any‘-ventilation
opening, are tested.

A.1.2 Conditia

Prior to being t

ning of samples

sted, the samples are conditioned in a circulating air over’for a period of 7 days

(168 h), at a upiform temperature 10 K higher than the maximumdemperature reached by the
material measyred during the test of 4.5.2, or 70 °C, whichever4s the higher, and then cooled

to room tempe

ture.

A.1.3 Mounting of samples

Samples are nj

ounted as they would be in actual yse. A layer of untreated surgical cotton is

located 300 mm below the point of application of-the test flame.

A.1.4 Test flame

The test flame

nccording to IEC 60695-11-3 is used.
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A.1.5 Test procedure

The test flame is applied to an inside surface of the sample, at a location judged to be likely to
become ignited because of its proximity to a source of ignition. If a vertical part is involved, the
flame is applied at an angle of approximately 20° from the vertical. If ventilation openings are
involved, the flame is applied to an edge of an opening, otherwise to a solid surface. In all cases,
the tip of the inner blue cone is to be in contact with the sample. The flame is applied for 5 s
and removed for 5 s. This operation is repeated, whether or not the sample is flaming, until the
sample has been subjected to five applications of the test flame to the same location.

The test is repeated on the remaining two samples. If more than one part of the FIRE ENCLOSURE

iS near a sourc

-l b L Il ;e + ] ) £l L ry LiLl i i
F UNIYrirtori, ©aclt oallldic 1o (ColCU WILIT tric 1iarric apprncu U a Ulicicrit 1oeativurl.

A.1.6 Compliance criteria

During the test,
the surgical co

the sample shall not release either flaming drops or particles capable ofigniting
ffon. The sample shall not continue to burn for more than 1 min after the fifth

application of the test flame, and shall not be consumed completely.

A.2 Flammabi
exceeding 18
4.7.3.2 and 4.7

A.2.1 Sampleg

Three samples
ENCLOSURE Or a
and including a
sample of the n

— the d
— ase

— a teq
section

For componen
component.

ity test for fire enclosures of movable equipment having.a‘total mass not
kg, and for material and components located inside fite enclosures (see
.3.4)

are tested. For FIRE ENCLOSURES, each sample consists of either a complete Fire
section of the FIRE EncLoSURE representingcthé thinnest significant wall thickness
ny ventilation opening. For material to be“located within the Fire EncLOSURE, each
haterial consists of one of the following:

omplete part; or

Ction of the part representing the thinnest significant wall thickness; or

t plaque or bar of uniform thickness representing the thinnest significant
of the part.

s to be loeated within the Fire EncLosure, each sample is to be a complete

P2
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A.2.2 Conditioning of samples

Prior to being tested, the samples are conditioned in a circulating air oven for a period of 7 days
(168 h), at a uniform temperature 10 K higher than the maximum temperature of the part
measured during the test of 4.5.2, or 70 °C, whichever is the higher, and then cooled to room
temperature.

A.2.3 Mounting of samples

Samples are mounted and oriented as they would be in actual use.

A.2.4 Test flame

The test flame faccording to IEC 60695-11-4 is used.
A.2.5 Test pragcedure

The test flame|is applied to an inside surface of the sample at a point judgedto-be likely to
become ignited because of its proximity to a source of ignition. For the evaluation of materials
located within the FIRE ENCLOSURE, it is permitted to apply the test flame to anexternal surface of
the sample. For the evaluation of components to be located within the Fire EncLosURE, the test
flame is applied directly to the component.

If a vertical palt is involved, the flame is applied at an angle 6f approximately 20° from the
vertical. If ventjlation openings are involved, the flame is applied to an edge of an opening,
otherwise to a $olid surface. In all cases, the tip of the flameis*to be in contact with the sample.
The flame is agplied for 30 s and removed for 60 s, then-reapplied to the same location for 30
s, whether or npt the sample is flaming.

The test is repgated on the remaining two samples."If any part being tested is near a source of
ignition at morg than one point, each sample is‘tested with the flame applied to a different point
that is near a spurce of ignition.

A.2.6 Compliance criteria

During the test| the samples shall'not continue to burn for more than 1 min after the second
application of the test flame, and shall not be consumed completely.
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A.2.7 Alternati

ve test

As an alternative to the apparatus and procedure specified in A.2.4 and A.2.5, it is permitted to
use the apparatus and procedure specified in Clauses 5 and 9 of IEC 60695-11-5. The manner,

duration and n

umber of flame applications are as specified in A.2.5 and compliance is in

accordance with A.2.6.

NOTE Compliance with the method of either A.2.4 and A.2.5 or of A.2.7 is acceptable; it is not required to comply with both methods.

A.3 Hot flaming oil test (see 4.6.2)

A.3.1 Mounting-of-samptes

A sample of the complete finished bottom of the FiRE EncLOSURE is securely supported .in™a

horizontal posit
a shallow, flat-t
cover complete|
oil that runs ov

NOTE Use of a met

jon. Bleached cHeesecLoTH of approximately 40 g/m?P is placed in one layer over
ottomed pan approximately 50 mm below the sample, and is of sufficient size to
ly the pattern of openings in the sample, but not large enough to catch-any of the
br the edge of the sample or otherwise does not pass through the 0penings.

| screen or a wired-glass partition surrounding the test area is recommended.

A.3.2 Test prdcedure

A small metal |
handle whose

a distillate fuel
0,845 g/ml and
value of 38 MJ,
for 1 min, at wh
a steady strearn
mm above the

The test is repd

hdle (preferably no more than 65 mm in diameter),/with a pouring lip and a long
bngitudinal axis remains horizontal during pouring, is partially filled with 10 ml of
oil which is a medium volatile distillate having.a mass per unit volume between
0,865 g/ml, a flash point between 43,5 °G-and 93,5 °C and an average calorific
1. The ladle containing the oil is heated\and the oil ignited and permitted to burn
ich time all of the hot flaming oil is.potired at the rate of approximately 1 ml/s in
h onto the centre of the pattern of-epenings, from a position approximately 100
ppenings.

ated twice at 5 min intervals, using clean cHEeSECLOTH.

A.3.3 Compliance criterion

During these tg

sts the cHeesedLorH shall not ignite.
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Annex B
(normative)
Motor tests under abnormal conditions
(see 4.7.2.2 and 5.3.2)

B.1 General requirements

Motors, other than d.c. motors in seconpARY circuiTs, shall pass the tests of Clauses B.4 and B.5
and, where applicable, Clauses B.8, B.9 and B.10, except that the following motors are not

P2

required to pas

— mold
directly]

— shad
not diff

DC motors in {
which by their|
stepper motors
air-handling on
are not require

) " e ] o4
e 1cot Ul viaduotc D. <.

rs that are used for air-handling only and where the air propelling component’is
coupled to the motor shaft; and

ed pole motors whose values of locked-rotor current and no-load cufrent do
br by more than 1 A and have a ratio of not more than 2/1.

ECONDARY circuiTs Shall pass the tests of B.6, B.7 and B.1Q ‘except that motors,
intrinsic operation normally operate under locked-rotor._conditions, such as
are not tested. In addition, d.c. motors in seconpARY,ciReuiTs that are used for

y and where the air propelling component is directly~coupled to the motor shaft

) to pass the test of B.6.

B.2 Test condjitions

Unless otherwi
VOLTAGE, or at th

The tests are ¢
is permitted to

— any
— use

Temperatures (

they are applie

of the test per
instant of opera

e specified in this annex, during the_test the equipment is operated at RATED
e upper voltage of the RATED VOLTAGE(RANGE.

pnducted either in the equipmentor under simulated conditions on the bench. It
Ise separate samples for beneh tests. Simulated conditions include:

brotection devices that weuld protect the motor in the complete equipment; and
Df any mounting means that may serve as a heat sink to the motor frame.

pf windings are measured as specified in 1.4.13. Where thermocouples are used
) to the surface of the motor windings. Temperatures are determined at the end

od where' specified, otherwise when the temperature has stabilized, or at the
tion_of fuses, THERMAL cuT-ouTs, motor protection devices and the like.

For totally enclosed, impedance-protected motors, the temperatures are measured by

thermocouples

applied to the motor case.

When motors without inherent thermal protection are tested under simulated conditions on the
bench, the measured winding temperature is adjusted to take into account the ambient
temperature in which the motor is normally located within the equipment as measured during the

test of 4.5.2.
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B.3 Maximum temperatures

For the tests in Clauses B.5, B.7, B.8 and B.9, the temperature limits, as specified in Table B.1,
shall not be exceeded for each class of insulating material.

Table B.1 — Temperature limits for motor windings (except for running overload test)

Maximum temperature °C
) Thermal class
Method of protection 0 T 120 ) | 130 (B) | 155 (F) | 180 (H) | 200 220 250
Protection by inherent or 150 165 175 200 225 245 265 295
external impedande
Protection by protgctive 200 215 225 250 275 295 315 345
device that operates
during the first hotir
Protection by any
protective device:
- maximum affer first 175 190 200 225 250 270 290 320
hour
- arithmetic ayerage 150 165 175 200 225 245 265 295
during the 2pd hour
and during the 72nd
hour
The designations A to H, formerly assigned in IEC 60085 to thermal classes 105 0180, are given in parentheses.

The arithmetic average temperature is determined as follows:

The graph of tdmperature against time (see Figure B.1), while the power to the motor is cycling

on and off, is
temperature (t4

where:

tmax IS

plotted for the period of test under censideration. The arithmetic average
is determined by the formula:

_ t mox * enin

Uo7

he average of the maxima;

thin is thesaverage of the minima
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> ; Maxima

%Minimo

S3407A

For the tests in

Time

kFigure B.1 — Determination of arithmetic average temperature

Clauses B.4 and B.6, the temperature limits, as specified in Table B.2, shall not

be exceeded fqr each class of insulating material.

B.4 Running gverload test

A running overload protection test is conducted by operating the motor under norvAL LoAD. The
load is then ingreased so that the currént‘is increased in appropriate gradual steps, the motor

supply voltage

being maintained at,its .original value. When steady conditions are established,

the load is agajn increased. The load is thus progressively increased in appropriate steps but
without reaching locked-rotor eondition (see Clause B.5), until the overload protection device

operates.

The motor windling temperatures are determined during each steady period and the maximum

temperature re

borded-shall not exceed the values specified in Table B.2.
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Table B.2 — Permitted temperature limits for running overload tests

Maximum temperature °C

Thermal class

105 (A)

120 (E)

130 (B)

155 (F)

180 (H)

200

220

250

140

155

165

190

215

235

255

275

The designations A to H, formerly assigned in IEC 60085 to thermal classes 105 to 180, are given in parentheses.

B.5 Locked-rotor overload test

A locked-rotor

test is conducted starting at room temperature.

The duration ofl the test is as follows:

— a maqtor protected by inherent or external impedance is operated with its rotor

locked
motor,

for 15 days except that testing may be discontinued when the windings)of the
pf either the open or totally enclosed type, reach a constant tempetature,

provided that the constant temperature is not more than that specified iny4.5.3, Table

4B for

he insulation system used;

— a mqtor with an automatic reset protection device is cycled with- its rotor locked for

18 days;

— a mqtor with a manual reset protection device is cycled-with its rotor locked for 60

cycles,

the protection device being reset after each operation as soon as possible for

it to remain closed, but after not less than 30 s;

— a maqtor with a non-resettable protection device is operated with its rotor locked until
the device operates.

Temperatures
inherent or extdrnal impedance protection arwith an automatic reset protection device, or during
the first ten cydles for a motor with a manual reset protection device, or at the time of operation
of a non-resettable protection device.

During the test
motor frame of permanhent damage to the motor, including excessive deterioration of the
insulation.

Permanent da

hre recorded at regular intervals during the first three days for a motor with

The temperatufes shall not exeeed the values specified in Table B.1.

protective)devices shall operate reliably without breakdown of insulation to the

hado to the maotor includes:
18108+ OIOHHRGHIGES:

— severe or prolonged smoking or flaming;

— electrical or mechanical breakdown of any associated component part such as a
capacitor or starting relay;

— flaking, embrittlement or charring of insulation.
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Discoloration of the insulation is permitted but charring or embrittlement to the extent that
insulation flakes off or material is removed when the winding is rubbed with the thumb is not
permitted.

After the period specified for temperature measurement, the motor shall withstand the electric
strength test in 5.2.2 after the insulation has cooled to room temperature and with test voltages
reduced to 60 % of the specified values. No further electric strength test is required.

NOTE Continuation of the test of an automatic reset protection device beyond 72 h, and of a manual reset protection device beyond 10
cycles, is for the purpose of demonstrating the capability of the device to make and break locked-rotor current for an extended period of

time.

B.6 Running gverload test for d.c. motors in secondary circuits
B.6.1 General

The running dgverload test is conducted only if a possibility of an overload .Ocgurring is
determined by |inspection or by review of the design. The test need not be cenducted, for
example, wherg electronic drive circuits maintain a substantially constant drive €urrent.

Motors shall pass the test in B.6.2, except that, if difficulty is experienced. in“obtaining accurate
temperature mgasurements, due to the small size of unconventional design of the motor, the
method of B.6.8 can be used instead. Compliance may be established by either method.

B.6.2 Test prdcedure

The motor is gperated under normAL LoAD. The load is\then increased so that the current is
increased in appropriate gradual steps, the motor supply voltage being maintained at its original
value. When steady conditions are established theload is again increased. The load is thus
progressively increased in appropriate steps until-either the overload protection device operates
or the winding pbecomes an open circuit.

The motor wingling temperatures are determined during each steady period and the maximum
temperature reg¢orded shall not exceed'the value in Table B.2.
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B.6.3 Alternative test procedure

The motor is placed on a wooden board which is covered with a single layer of WRAPPING TISSUE,
and the motor in turn is covered with a single layer of cHEESECLOTH.

At the conclusion of the test, there shall be no ignition of the WRAPPING TISSUE Of CHEESECLOTH.

Compliance with either method is acceptable; it is not necessary to comply with both methods.

B.6.4 Electric

strength test

Following the te
60 V d.c., and
strength test in

af Uf 862 (%)} 363, [= 5] appl’l‘babl’c‘, l’l‘ tl‘lc‘ lIIUtUl vu:’fayc' (:'A(JUU'U'D 42,4 IV’IJ(:'a;\, (%)}
after it has cooled to room temperature, the motor shall withstand the electric
5.2.2, but with test voltages reduced to 60 % of the specified values.

B.7 Locked-rgtor overload test for d.c. motors in secondary circuits

B.7.1 General

Motors shall pj
accurate tempe
motor, the mef
method.

hss the test in B.7.2, except that, where difficulty is experienced in obtaining
brature measurements, due to the small size or unconventional design of the
hod of B.7.3 can be used instead. Compliance may, be’established by either

B.7.2 Test prdcedure

The motor is o
until steady sta

berated at the voltage used in its applicatiofy and with its rotor locked for 7 h or
fe conditions are established, whichever, is'longer. However, if the motor winding

opens, or the motor otherwise becomes permanently,de-energized, the test is discontinued.

Temperatures s
B.7.3 Alternat

The motor is p
and the motor i
40 g/mP.

The motor is th
h or until stead)
winding opens

hall not exceed the values specified in Table B.1.
ve test procedure
nced on a wooden board which is covered with a single layer of wRAPPING TISSUE,

p turn covered with a single layer of bleached cotton cHeesecLoTH of approximately

en operated at the voltage used in its application and with its rotor locked for 7
state~conditions are established, whichever is the longer. However, if the motor
, or the motor otherwise becomes permanently de-energized, the test is

discontinued.

At the conclusion of the test there shall be no ignition of the WRAPPING TISSUE OF CHEESECLOTH.
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B.7.4 Electric

strength test

Following the test of B.7.2 or B.7.3, as applicable, if the motor voltage exceeds 42,4 V peak, or

60 V d.c., and
strength test in

after it has cooled to room temperature, the motor shall withstand the electric
5.2.2 but with test voltages reduced to 60 % of the specified values.

B.8 Test for motors with capacitors

Motors having

phase-shifting capacitors are tested under locked rotor conditions with the

capacitor short-circuited or open-circuited (whichever is the more unfavourable).

The short-circ
remain short-ci

Temperatures 4§
NOTE Locked rotor
B.9 Test for th
Three-phase m
circuit controls
conductors disg
The effect of o
tested within th

time.

Temperatures s

s P s . ) ks H ] H kot i k. AT -
CICcol 1o TIUU TTIauc 11 e eafacClltur 1o oU UColyricu triat, Uporr 1anurc, 1t Vil TTUl

[cuited.

hall not exceed the values specified in Table B.1.

s specified because some motors may not start and variable results could be obtained.

ree-phase motors

ptors are tested under normAL LoAD, With one line conductot disSconnected, unless
prevent the application of voltage to the motor with”’one or more supply
onnected.

her loads and circuits within the equipment may.necessitate that the motor be

e equipment and with each of the three line ‘eonductors disconnected one at a

hall not exceed the values specified it Table B.1.

B.10 Test for geries motors

Series motors
with the lowest

hre operated at a voltage~equal to 130 % of the motor voltage rating for 1 min
possible load.

After the test, windings and connections shall not have worked loose and no hazard shall be

present in the 1

neaning of this\standard.

MARCH 27, 2007
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Annex C
(normative)
Transformers
(see 1.5.4 and 5.3.3)

C.1 Overload test

If the tests in

this clause are conducted under simulated conditions on the bench, these

conditions shall include any protection device that would protect the transformer in the complete

equipment.

Transformers for switch mode power supply units are tested in the complete power supply.uhit

or in the compl
A linear transfo
with any other
maximum heat

The output of a

bfe equipment. Test loads are applied to the output of the power supply unit.
rmer or a ferro-resonant transformer has each secondary winding lodded in turn,
secondaries loaded between zero and their specified maxima_tosresult in the
g effect.

switch mode power supply unit is loaded to result in the maximum heating effect

in the transfornjer.

NOTE For exampled
Where an overi

Maximum temp
as specified in

— with
of the
sheet d
charac
— with
— with

— forc

of loading to give the maximum heating effect, see Annex X.
pad cannot occur or is unlikely to create a hazard, the above tests are not made.

eratures of windings shall not exceed the values in Table C.1 when measured
1.4.12 and 1.4.13, and determined.as,specified below:

external overcurrent protection:‘at the moment of operation, for determination
ime until the overcurrent protéction operates, it is permitted to refer to a data
f the overcurrent protection.device showing the trip time versus the current
eristics;

AN AUTOMATIC RESET THERMAL cuT-ouT: as shown in Table C.1 and after 400 h;

2 MANUAL RESETNTHERMAL cuT-ouT: at the moment of operation;

Lrrent-ljmiting transformers: after temperature has stabilized.

If the temperatyre_of the windings of a transformer with a ferrite core, measured as specified in

1.4.12 exceeds 180 °C, it shall be retested at maximum rated ambient temperature (T mp = Tma),
and not as calculated according to 1.4.12.

NOTE The above procedure is to ensure that deteriorating Curie characteristics of ferrite at temperatures approaching 200 °C do not

cause thermal runaway (unpredictable temperature rise).

Secondary windings that exceed the temperature limits but that become open circuit or
otherwise require replacement of the transformer do not constitute a failure of this test, provided
that no hazard is created in the meaning of this standard.

For compliance criteria see 5.3.9.
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Table C.1 — Temperature limits for transformer windings

Maximum temperature °C
Method of protection Thermal class
105 (A) | 120 (E) | 130 (B) | 155 (F) | 180 (H) 200 220 250

Protection by inherent or 150 165 175 200 225 245 265 295
external impedance
Protection by protective device 200 215 225 250 275 295 315 345
that operates during the first
hour
Protection by any protective
device:
- maximum affer first hour 175 190 200 225 250 270 290 320
- arithmetic ayJerage during 150 165 175 200 225 245 265 295

the 2nd houf and during

the 72nd hoyrr
The designations A to H, formerly assigned in IEC 60085 to thermal classes 105 to 180, are given in paréntheses.

The arithmetic average temperature is determined as follows:

The graph of témperature against time (see Figure C.1), while the power.to\the transformer is
cycling on and (off, is plotted for the period of test under consideration. The arithmetic average
temperature (t) is determined by the formula:

where:

tnax IS

he average of the maxima,

tmin IS the average of the-minima.

tmox + tmin

2
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°C‘

Maxima

Minima

S3407A

C.2 Insulation
Insulation in tra

Windings and g
they are conn
requirements g
application of tf

Precautions sh
CLEARANCES and

REINFORCED INSUL

— displ

Time

Figure C.1 — Determination of arithmetic average temperature

nsformers shall comply with the follewing requirements.

onductive parts of transformers shall be treated as parts of the circuits to which
bcted, if any. The insulation between them shall comply with the relevant
f 2.10 (or Annex G) and pass the relevant tests of 5.2, according to the
e insulation in the eguipment (see 2.9.3).

pll be taken to-prevent the reduction below the required minimum values of
CREEPAGE DISTANCE that provide BASIC INSULATION, SUPPLEMENTARY INSULATION Ofr

hTION by:

bcement of windings or their turns;

— displ

— undu

cament of intarnal wirina or wiras faor axtarnal connactions:
2GRSO HRBHRaHWHHRG-OFWHBSHoFB8Xt8HRat-GoRRBGHORS;

e displacement of parts of windings or internal wiring, in the event of rupture of

wires adjacent to connections or loosening of the connections;

— bridg

ing of insulation by wires, screws, washers and the like should they loosen or

become free.

It is not expected that two independent fixings will loosen at the same time.

All windings shall have the end turns retained by positive means.
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Compliance is checked by inspection, measurement, and if necessary, by the following tests.
If the transformer is fitted with a screen for protective earthing purposes that is separated from
the primary winding connected to a HAzARDOUS VOLTAGE cCircuit by Basic INsuLATION only, the screen
shall comply with one of the following:

— meet the requirements of 2.6.3.3;

— meet the requirements of 2.6.3.4 between the earthed screen and the main
protective earthing terminal of the equipment;

associgted primary winding. The transformer shall be protected by any protective
device used in the end application. The protective earthing path and the screen shall
not be gamaged.

If tests are corlducted, a specially prepared sample transformer having an extra |éag-out wire
from the free efd of the screen is used to ensure that the current during the test passes through
the screen.

Examples of adceptable forms of construction (see 1.3.8) are the following:

— windjngs isolated from each other by placing them on separate limbs of the core,
with or|without spools;

— windlngs on a single spool with a partition wall, where either the spool and partition
wall arg¢ pressed or moulded in one piece, or a pushed-on partition wall has an
intermddiate sheath or covering over the joint between the spool and the partition wall;

— condentric windings on a spool of insulating material without flanges, or on
insulatipn applied in thin sheet form te.the transformer core;

— Insulation is provided between\windings consisting of sheet insulation extending
beyond the end turns of each, layer;

— concentric windings, separated by an earthed conductive screen that consists of
metal fpil extending the full width of the windings, with suitable insulation between
each wynding and thé-screen. The conductive screen and its lead-out wire have a
cross sgection sufficient to ensure that on breakdown of the insulation an overload
device will open-the circuit before the screen is destroyed. The overload device may
be a part of the transformer.
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Annex D
(normative)

Measuring instruments for touch-current tests

D.1 Measuring instrument

(see 5.1.4)

The measuring instrument of Figure D.1 is from Figure 4 of IEC 60990.

A R, = G5
Test terminals R
| —
| S|
B¢ Ra U cy == U
$3991C
Rs 1500 Q
Rs 500 Q
R4 10 kQ
Cs 0,22 pF
C4 0,022 pF
Voltmeter qr oscilloscope (r.m.s. or Input resistance: >1 MQ
peak readifg)
Input’ capacitance: <200 pF
Frequency range: 20 Hz up to 1 MHz

(appropriate for the highest frequency of interest, see 1.4.7)

Figure D.1 — Measuring instrument

The measuring|instrument is calibrated by comparing the frequency factor of U, with the solid
line in Figure F.2Nof IEC 60990 at various frequencies. A calibration curve is constructed
showing the deliation of U, from the ideal curve as a function of frequency.
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D.2 Alternative measuring instrument
R Ryvi Pa
(L I — /

/

I

L

S3408A
M 0 mA — 1 mA moving coil movement
Ry + Ryy + Ry atp,5 mAd.c. = 1500 Q + 1 % with C =150 nF + \,'% or
2000 Q+1%withC=112nEx+1 %
D1 -D4 Rectifier
Rs Non-inductive shunt for’x{0 range
S Sensitivity button (press for maximum sensitivity)

Figure D.2 — Alternative measuring’instrument

The instrument|comprises a rectifier/moving coil meter:with additional series resistance, the two
being shunted by a capacitor, as shown in FigureD:2. The effect of the capacitor is to reduce
the sensitivity tp harmonics and other frequencies above the power frequency. The instrument
should also include a x 10 range obtained by shunting the meter coil by a non-inductive resistor.
It is also permifted to include overcurrent protection, provided that the method used does not
affect the basic|characteristics of the instrument.

Ry is adjusted|for the desired value of total resistance at 0,5 mA d.c.

The meter is calibrated at the following calibration points on the maximum sensitivity range at
50 Hz to 60 Hz sinusoidal;

0,25 mA, 0,5-mA, 0,75 mA.

The following résponse-ischecked atthe 0.5 mA calibrationpoint——— |

Sensitivity at 5 kHz sinusoidal: 3,6 mA + 5 %.
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Annex E
(normative)
Temperature rise of a winding
(see 1.4.13)

The value of the temperature rise of a winding is calculated from the formula:

for o copper pinding At = @ 2345 + t) - (t, - 1)
1

for an @luminum winding At = Rz/; Fi (2256 + ) (= t)

1

where
At is the temperature rise, in kelvins;
Ry is tHe resistance of the winding at the beginning of the test, in ohms;
R, is the resistance of the winding at the end of the test, in ohms;
t; is the room temperature at the\beginning of the test, in degrees Celsius;
I, is the room temperature at the end of the test, in degrees Celsius.

At the beginning of the test, the windings are at room temperature.

It is recommendled that the-resistance of windings at the end of the test be determined by taking
resistance meajsurements as soon as possible after switching off, and then at short intervals so
that a curve of resistance against time can be plotted for ascertaining the resistance at the
instant of switching off.

For comparison of winding temperatures determined by the resistance method of this annex with
the temperature limits of Table 4B, 25 °C shall be added to the calculated temperature rise.
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Annex F
(normative)
Measurement of clearances and creepage distances
(see 2.10 and Annex G)

The methods of measuring cLearances and crReePAGE DISTANCES that are specified in the following
figures are used in interpreting the requirements of this standard.

In the following figures, the value of X is given in Table F.1. Where the distance shown is less

than X, the dep

I} Sl H (H ! ] 1 H
U O inc yap UIhyrouve 1o UlisicyarucUu Wil Trcasurittyyg a UREEFAGE DISTANUE.

Table F.1 is valid only if the required minimum cLearance is 3 mm or more. If the specified
minimum cLEARANCE is less than 3 mm, the value of X is the lesser of:

— the r¢levant value in Table F.1; or
— one tpird of the required minimum CLEARANGCE.

Table F.1 — Value of X

Pollution degree X
(see 2.10.1.2) mm
1 0,25
2 1,0
3 1,5
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Condition:  Path under consideration includes a parallel or converging—sided groove of any depth with width
less than X mm.

Rule: CLEARANCE and CREEPAGE DISTANCE are _measured directly across the groove.

e | FARANCE

EEEENENENBEBE CREEPAGE DISTANCE

S4146C

Figure F.1 — Narrow groove

>X mm

Condition:  Path |under consideration \ingludes o parallel-sided groove of any depth, and equal to or more than
X mm wide,

Rule: CLEARANCE is the/line’ of sight” distance. CREEPAGE DISTANCE path follows the contour of the groove.

| FARANCE

EEENEENRNERBE CREEPAGE DISTANCE

S4147C

Figure F.2 — Wide groove
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626%6%
MRS
KRRLKS

SERLEK

Condition: ~ Path under consideration includes a V-shaped groove with internal angle of less than 80" and a width
greater than X mm.

Rule; CLEARMNCE is "line of sight” distance, CREEPAGE DISTANCE path follows the contour of the groove but
"shor] circuits” the bottom of the groove by a link X mm long.
eeessss———— (| FARANCE
EENENEEERER CREEPAGE DISTANCE
S4148C
Figure F.3 — V-shaped groove
J XXX XK XK XXX X XXX X > L
920.0.90:0.9.9.9.9:9.9,
Condition: Pgth under consideration “includes a rib.
Rule: CUEARANCE is thewshortest direct air path over the top of the rib. CREEPAGE DISTANCE path follows the
contour of the-rib.
——— | FARANCE
HEEENNEBEGS CREEPAGE DISTANCE
S41498

Figure F.4 — Rib
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<X mm—= — <X mm
_I__ _.l_

X ‘ X

Condition: ~ Path [under consideration includes an uncemented joint with grooves less than X mm wide on either,
side.

Rule: CLEARANCE ond CREEPAGE DISTANCE path is the "line of sight” distance shown.

e | FARANCE

EEENENEENEBNEN CREEPAGE DISTANCE

S4150C

Figure F.5 — Uncemented joint with narrow groove

>2X mm 22X mm

N
ANRHE

00’0:0:0:0:0’0}

:0::‘:’0’:::
B RS

""3’:33330’0’0’0’0’0’“ RIRIKEK

QRRRIRIRRRIELIELHLRKS

GRRRRRRRALILRKS

LIRS

QRIS

A

X
’0.0 Q

Condition:  Path finder consideration includes an uncemented joint with o groove equal to or more than X mm wide
each |[side.

Rule: CLEARANCE is the* “line of sight” distance. CREEPAGE DISTANCE path follows the contour of the groove.

EEEEEEBE NN CREEPAGE DISTANCE

S4151C

Figure F.6 — Uncemented joint with wide groove
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>X mm <X mm
— ~
Condition:  Path finder consideration includes an uncemented joint with a groove on one side less than X mm wide
and ¢ groove on the other equal to or more than X mm wide.
Rule: CLEARANCE and CREEPAGE DISTANCE path are as shown.
———— | FARANCE
EEEERENEE CREEPAGE DISTANCE
S4152C

Figure F.7 — Uncemented joint with narrow and wide grooves

Gap between head of screw and wall of recess too narrow to be taken into account.

Measurement of creepage distance is from screw to wall when the distance is equal to X mm.

CLEARANCE EEEEEE CREEPAGE DISTANCE

su1331a

Figure F.8 — Narrow recess
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Gap between head of screw and wall of recess too narrow to be taken into account.

EEEEEE CREEPAGE DISTANCE

CLEARANCE

su1332a

Figure F.9 — Wide recess
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Figure F.10 — Coating around terminals
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Figure F.11 — Coating over printed wiring
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Inside of equipment | Outside of equipment

Internal conductive part ENCLOSURE of insulating material

Test finger

Fictitious layer of metal foil
T ~ accessible to test finger

Point of contact

— — Unaccessible to test finger

Point X is us¢d for measurements of CLEARANGES and CREEPAGE DISTANCES from the
BOUNDING SURFACE of an ENCLOSURE of insulating material to an internal conductive
part (see 2.10.3.1 and 2.10.4)

S4932

Figure F.12 — Measurements through openings in enclosures
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Unconnected conductive part

Cqndition: Insulation distance with intervening, unconnected conductive part.
Rijle: CLEARANCE is the distonce d + D.
CREEPAGE DISTANCE is also d + 0.
Where the value of d or D is smaller than X, it shall be considered as zero.
———— Clearance
E B EEBREN Creepage distance
S4157C

Figure F.13 — Intervening, unconnected conductive part

Conductive
part 1
Minimum 0,4 mm
Insulation Distance through
insulation
Conductive
part 2

CLEARANCE.= CREEPAGE DISTANCE

Thick sheet or bolid insuloting materiol os SUUPPLEMENTARY INSULATION or REINFORCED INSULATION |
S4969A

Figure F.14 — Solid insulating material
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Conductive
part 1

Insulation layer 1 No minimum distance

TTTTTTTTTTTI through insulation (see

Insulation layer 2 2.10.5.6)

LIt dlll
Conductive
part 2

CLEARANCE

Two layers of thi

S4970A

= CREEPAGE DISTANCE

sheet material as SUPPLEMENTARY INSULATION or REINFORCED INSULATION

Figure F.15 — Thin sheet insulating material

Potential CLEARANCE and CREEPAGE DISTANCE
along the cemented joint

Conductive lnhsulating ‘ Conductive
part 1 compound part 2

Insulating com

S4971A

pound as SUFFLEMENTARY INSULATION or REINFORCED INSULATION

Figure F.16 — Cemented joints in multi-layer printed board
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Distance through Insulating casing
insulation :

------------

Insulating compound

Potential LLEARANCE and
CREEPAGE| DISTANCE
along the| joint

Insulating cqmpound as SUPPLEMENTARY INSULATION or REINFORCED INSULATION inside/a component
S4972A

Figure F.17 — Component filled with insulating compound

Potential LEARANCE and CREEPAGE
DISTANCE along the cemented joint

Adhesive or
M insulating compound
Partition
Winding 2

Wjnding 1

Cemented joint as SUPPLEMENTARY INSULATION or REINFORCED INSULATION

S4973A

Figure F.18 — Partitioned bobbin
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Annex G
(normative)
Alternative method for determining minimum clearances
G.1 Clearances
G.1.1 General

cLEARANCES shall be so dimensioned that overvoltages, including transients, which may enter the

equipment, andpeak vu:tagca that may be ycllclatcu' withirmrtheequipment,donotbreak—down
the CLEARANGE.

It is permitted t@ use either the requirements of 2.10.3 for Overvoltage Category | or Overyoltage
Category I, usjng the peak workiNng voLTAGE, or the requirements in Annex G for Oyervoltage
Category I, Ovgrvoltage Category Il, Overvoltage Category Il or Overvoltage CategorytV, using
the REQUIRED WITHSTAND VOLTAGE, for a particular component or subassembly or(fo¥ the whole
equipment.
NOTE It is considergd to be good practice to design soLip iNsuLATION for higher transient overvoltages than the associated cLeARANCE.

G.1.2 Summaty of the procedure for determining minimum clearances

NOTE 1 The minimym cLEARANCES fOr FUNCTIONAL INSULATION, BASIC INSULATION, SUPPLEMENTARY,JNSULATION and REINFORCED INSULATION, Whether in
a PRIMARY cIrcuiT or apother circuit, depend on the REQUIRED WITHSTAND VOLTAGE. The REQUIRED WITHSTAND VOLTAGE depends in turn on the
combined effect of thq normal operating voltage (including repetitive peaks due tesinternal circuitry such as switch mode power supplies)
and non-repetitive ovdrvoltages due to external transients.
To determine the minimum value for each required\cLearaNCE, the following steps shall be used.
(1) Mepsure the PEAK WORKING VOLTAGE-ACross the cLEARANCE in question.
(2) If the equipment is mains operated:

— determine the mMaNs TRANSIENT voLTAGE (Clause G.2); and

— for equipment to be connected to an ac mains suppLy, calculate the peak
value of 4he 'nominal Ac maINs suppLY voltage.

(3) Usg¢ the rules in G.4.1 and the above voltage values to determine the ReQuIReD
WITHSTAID vOLTAGE for mains transients and internal repetitive peaks. In the absence of

transients coming from a TELECOMMUNICATION NETWORK, gO to step 7.

(4) If the equipment is to be connected to a TELECOMMUNICATION NETWORK, determine the
TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE (Clause G.3).

(5) Use the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE and the rules in G.4.2 to
determine the REQUIRED WITHSTAND VOLTAGE for TELECOMMUNICATION NETWORK transients. In

the absence of mains and internal repetitive peaks, go to step 7.

(6) Use the rule in G.4.3 to determine the total REQUIRED WITHSTAND VOLTAGE.
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(7) Use the REQUIRED WITHSTAND VOLTAGE to determine the minimum cLearance (Clause
G.6).

NOTE 2 The effect of transients from a casLE pisTRIBUTION sYSTEM is not taken into account (see G.4.4 and 7.4.1).
G.2 Determination of mains transient voltage
G.2.1 AC mains supply

For equipment to be supplied from the ac mains suppLy, the value of the MAINS TRANSIENT VOLTAGE
depends on the overvoltage category and the ac mains suppLy voltage. In general, cLEARANCES in

equipment intepdedtobe—conmectedtothercmams—sorrrv—shatt-be—desigred—-for-Overvottage—
Category II.

NOTE 1 See Annex|Z for further guidance on the determination of overvoltage category.

Equipment thaf| is likely, when installed, to be subjected to transient overvoltages. that exceed
those for its dgsign Overvoltage Category II, will require additional protection to\be provided
external to the equipment. In this case, the installation instructions shall state théneed for such
external protection.

The applicable|value of the mains TRANSIENT voLTAGE shall be determined’from the overvoltage
category and the ac mains suppLy voltage, using Table G.1.

Table G.1 — AC mains transient voltages

AC MAINS SUPPLY voltage 2 MAINS TRANSIENT VOLTAGE ®
V peak
Vrm.s. Overvoltage Category
| ] 1] v

up to and ipcluding 50 330 500 800 1 500
over 50 up to apd including 100 500 800 1500 2 500
over 100 up to afpd including 150 © 800 1 500 2 500 4 000
over 150 up to afd including 300 ¢ 1-500 2 500 4 000 6 000
over 300 up to apd including 600 © 2 500 4 000 6 000 8 000

a8 For equipment|designed to be connected to a three-phase, three-wire supply, where there is no neutral
conductor, the A MAINS SUPPLY \oltage is the line-to-line voltage. In all other cases, where there is a neutral
conductor, it is thq line-to-neutral.voltage.

®  The MAINS THANSIENT V@ETAGE is always one of the values in the table. Interpolation is not permitted.
¢ Including 120/408 V orn120/240 V.
4 Including 230/400 \/ or277/480 V.

¢ Including 400/490_ V.

NOTE 2 For Japan, the value of the maiNs TRANSIENT voLTAGES for the nominal Ac maiNs suppLy voltage of 100 V is determined from the row

applicable to an ac mains suppLy voltage of 150 V.
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G.2.2 Earthed d.c. mains supplies

If a bc mAINs suppLY is connected to protective earth and is entirely within a single building, the
MAINS TRANSIENT VOLTAGE Shall be assumed to be 71 V peak. If this connection is within the EUT,
it shall be in accordance with 2.6.1 e).

NOTE The connection to protective earth can be at the source of the bc mains suppLY or at the equipment location, or both (see ITU-T
Recommendation K.27).

G.2.3 Unearthed d.c. mains supplies

If a bc MAINS suprryts—motearthredandtocatedas i G2 2 themANs TRANSENT VOrTAGE - Shatte—
assumed to be |equal to the mAINs TRANSIENT VOLTAGE in the Ac maINs suppLy from which the bc mains
SuPPLY is derivef.

G.2.4 Battery pperation

If equipment is|supplied from a dedicated battery which has no provision for charging from an
external mains spppLY, the maINs TRANSIENT voLTAGE shall be assumed to be 71 V peéak.

G.3 Determingtion of telecommunication network transient voltage

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE iS known for the JELECOMMUNICATION NETWORK in
question, it is permitted to use the known value in G.4.2.

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE iS not known,one of the following values shall
be used:

— 1500 V peak if the circuit connected to.th€ *TELECOMMUNICATION NETWORK iS & TNV-1
CIRCUIT @r a TNV-3 CIRCUIT; Of

— 800 V peak if the circuit connectéd-to the TELECOMMUNICATION NETWORK iS @n SELV CIRCUIT
Or a TNy-2 CIRCUIT.

The effect of a felephone ringing signal is not taken into account for this purpose.
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G.4 Determination of required withstand voltage

G.4.1 Mains transients and internal repetitive peaks

In G.4.1, the effect of transients coming from a TELECOMMUNICATION NETWORK is ignored (see G.4.3).

The REQUIRED WITHSTAND VOLTAGE is determined according to Iltems a), b) or c).

NOTE Items a) and b) apply only for an ac mains suppLy. Item c) applies only for a bc MAINS suPPLY.

The following abbreviations are used.

Upw thel

Ua.c. mains peak P€9

VOLTAGE or the upper limit of the RATED VOLTAGE RANGE.

Umains transient the

Umeasured thej

a) PRIMARY CIRCUITS

It is pefmitted to use al) or a2).

b) seEcq

It is pefmitted.to use b1), b2 ) or b3).

PEAK WORKING VOLTAGE of the CLEARANCE

k value of the AC MAINS SUPPLY voltage in the first column of Table G.1 corresponding jto the RATH

MAINS TRANSIENT VOLTAGE determined in G.2.1 or G.2.2

maximum transient voltage from the mains, determined according to G.5_a)

al) The following Rules 1) and 2) shall be applied:
Rule 1) If Uy, < Uac. mains peak
Urequired withstand =-Umains transient.
Rule 2) If Upy, > Ugd-mains peak

Urequired withstand = Umains transient Upw - Ua.c. mains peak.

a2) The above Rules 1) and 2) shall be applied, but Unains transient Shall be
replaced by Umeasured.

NDARY CIRCUITS Whose PRIMARY circulT is supplied from an Ac mAINs suPpLY

D

PT1) I'ne Tollowing Rule ) shall be applied:

Rule 3) Urequired withstand = Umains transient OF Upwa whichever is the
greater.

b2) The above Rule 3) shall be applied, but with Unains transient replaced by

Umeasured.

b3) The above Rule 3 shall be applied, but with Unains transient Feplaced by a
voltage that is one step smaller in the following list from Table G.1:
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330, 500, 800, 1 500, 2 500, 4 000, 6 000 and 8 000 V peak.

This is permitted in the following cases:

C) secq

The ab

— a SECONDARY CIRcuIT, derived from an Ac mAINS suppLy, that is connected to the
main protective earthing terminal in accordance with 2.6.1 e);

— a SECONDARY cIrcuIT, derived from an ac mains suppLy and separated from the
PRIMARY CIRCUIT by @ metal screen that is connected to the main protective
earthing terminal in accordance with 2.6.1 e).

NDARY CIRCUT-Stpplied-fromaocwamssurrry

bve b1) or b3) shall be applied.

G.4.2 Transiemts from telecommunication networks

In G.4.2, the eff
G.4.3).

For transients f
— the T
— orth

whichever is le

pct of transients coming from the mains and from internal circuitry is\ignored (see

FOM a TELECOMMUNICATION NETWORK, the REQUIRED WITHSTAND VOLTAGE iS:
FLECOMMUNICATION NETWORK TRANSIENT VOLTAGE determined\in Clause G.3;
b value measured in accordance with G.5 b);

bS.

G.4.3 Combination of transients

If the transients

described in G.4.1 and those described in G.4.2 affect the same cLEArRANCE, the

REQUIRED WITHSTAND voLTAGE is the larger of the-two voltages. The two values shall not be added

together.

G.4.4 Transients from cable distribution systems

The effect of
determining Req

ransients from a cABLE DISTRIBUTION SYSTEM is not taken into account when
UIRED WITHSTAND VOLTAGE (however, see 7.4.1).
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G.5 Measurement of transient voltage levels

The following tests are conducted only if it is required to determine whether or not the maximum
transient voltage across the cLEARANCE in any circuit is lower than the MAINS TRANSIENT VOLTAGE
determined in Clause G.2 (for example, due to the effect of a filter in the equipment). If these
tests are not conducted, the maximum transient voltage across the cLearance shall be assumed
to be equal to the mains TRANSIENT voLTAGE. If the situation covered by G.2.2 or the situation
covered by G.2.4 applies, the transient voltage across the cLearance shall be assumed to be
negligible and no test is conducted.

If necessary, the transient voltage across the cLearance is measured using the following test
procedure.

During the tesis, the EUT is connected to its separate power supply unit, if any, but is. 0ot
connected to the MAINS suPPLY, Nor to any TELECOMMUNICATION NETWORKS, and any surge suppressors
in PRIMARY circulrs are disconnected.
A voltage measguring device is connected across the cLEARANCE in question.
a) Trapsients from a maiNs supPLY
To megsure the transient voltages across a cLEARANCE due todransients on a MAINS
suppPLY, [the impulse test generator reference 2 of Table N.17is‘used to generate 1,2/50

us impuilses. Ug is equal to the mains TRANSIENT vOLTAGE détermined in Clause G.2.

Three fo six impulses of alternating polarity, with intervals of at least 1 s between
impulses, are applied between each of the following points where relevant:

For an|Aac mAINS SuPPLY:
— line-to-line;
— all line conductors conductively joined together and neutral;

— all line conductors.conductively joined together and the main protective
earthing termingl;

— neutral and the main protective earthing terminal.

For a gc mAINS suPPLY:

~_lhe positive and negative supply connection points;

— all supply connection points conductively joined together and the main
protective earthing terminal.

b) Transients from a TELECOMMUNICATION NETWORK

To measure the transient voltage across a cLearance due to transients on a
TELECOMMUNICATION NETWORK, the impulse test generator reference 1 of Table N.1 is used
to generate 10/700 us impulses. Ug is equal to the TELECOMMUNICATION NETWORK TRANSIENT
voLTAGE determined in Clause G.3.
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Three to six impulses of alternating polarity, with intervals of at least 1 s between
impulses, are applied between each of the following TELECOMMUNICATION NETWORK

connection points of each interface type:

— each pair of terminals (for example, A and B or tip and ring) in an interface;

— all terminals of a single interface joined together and earth.

Where there are several identical circuits, only one is tested.

G.6 Determination of minimum clearances

For equipment
the minimum d

0 be operated up to 2 000 m above sea level, each cLearance shall comply with
imensions given in Table G.2, using the value of REQUIRED WITHSTAND VOLTAGE

determined acdording to G.4.

For equipment fo be operated at more than 2 000 m above sea level, the minimun/cLEARANCES

shall be multip
permitted betw
CLEARANCE USIN
increment.

ied by the factor given in Table A.2 of IEC 60664-1. Linear_interpolation is
en the nearest two points in Table A.2 of IEC 60664-1. The calctlated minimum
this multiplication factor shall be rounded up to the néxt~higher 0,1 mm

The specified niinimum cLeaRANCES are subject to the following absetute minimum values:

— 10 m
VOLTAGE

m for an air gap serving as REINFORCED INSULATIONWbetween a part at HAzarRDoUS
and an accessible conductive part of the enctosure of floor-standing equipment

or of the non-vertical top surface of desk-top equipment;

— 2 mm for an air gap serving as Basic INsUATION between a part at HAzaRDOUS VOLTAGE

and an
A.

The above two

earthed accessible conductive parf\0f the ENCLOSURE Of PLUGGABLE EQUIPMENT TYPE

dashed paragraphs do et apply between a part at a Hazarpous voLTAGE and a

BOUNDING SURFACE.

Except as reqy
between the co

ired by 2.8.7.1 the “specified minimum cLearances do not apply to the air gap
ntacts of THERMOSTTATS, THERMAL cuT-ouTs, overload protection devices, switches of

microgap constfuction and«similar components where the air gap varies with the contacts.

NOTE 1 For air gap:
2.8.7.1.

between, eontacts of disconnect devices, see 3.4.2. For air gaps between the contacts of interlock switches, see

The CLEARANCES
connector that

between the sounbing surrace of a connector and conductive parts within the
are connected to a Hazarpous voLTAGE shall comply with the requirements for

REINFORCED INSULATION. As an exception, for connectors that are

— fixed
— locat

— only

to the equipment; and
ed internal to the outer encLosure of the equipment; and

accessible after removal of a user-replaceable sub-assembly that is required to

be in place during normal operation,
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these cLEARANCES shall comply with the requirements for BASIC INSULATION.
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NOTE 2 The tests of 2.1.1.1 for access to hazardous parts apply to such connectors after removal of the subassembly.

For all other cLEArRANCES in connectors, including connectors that are not fixed to the equipment,
the minimum values specified in Table G.2 apply.

The above minimum cLEarancEs for connectors do not apply to connectors that comply with a
standard harmonized with IEC 60083, IEC 60309, IEC 60320, IEC 60906-1 or IEC 60906-2. See
also 1.5.2.

Table G.2 — Minimum clearances for up to 2 000 m above sea level

CLEARANCES in mm
REQUIRED FUNCTIONAL INSULATION 2 BASIC INSULATION and REINFORCED INSULATION
WITHSTAND SUPPLEMENTARY
VOLTAGE INSULATION
V peak or d.c. Pollution degree
:’:cltsd?:g 16 2 3 16 2 3 106 2 3
400 0,1 0,2 0,8 10,2 (0,1) 0,2 0,8 0,4 (0,2) 04 1,6
800 0,1 0,2 0,8 0.2 (0,1) 0,2 0,8 0,4 (0,2) 0,4 1,6
1000 0,2 0,2 0,8 0,3 (0,2) 0,8 0,6/ (0,4) 1,6
1200 0,3 0,8 0,4 (0,3 0,8 0,8 (0,6) 1,6
1 500 0,5 0,8 0,8 (0,5) 0,8 1,6 (1,0) 1,6
2 000 1,0 1,3 (1,0) 2,6 (2,0)
2 500 1,5 2,0 (1,5) 4,0 (3,0)
3 000 2,0 2,6 (2,0) 5,2 (4,0)
4 000 3,0 4,0 (3,0) 6,0
6 000 5,5 7,5 (5,5) 11
8 000 8,0 11 (8,0) 16
10 000 11 15 (11) 22
12 000 14 19 (14) 28
15 000 18 24 (18) 36
25 000 33 44 (33) 66
40 000 60 80 (60) 120
50 000 75 100 (75) 150
60 000 90 120 (90) 180
80 000 130, 173 (130) 260
100 000 170 227 (170) 340
Linear interpolatiop is permitted)between the nearest two points, the calculated minimum CLEARANCES being
rounded up to the|next highen0,1 mm increment.
The values in par¢ntheses-apply only if manufacturing is subjected to a quality control programme that provides at
least the same leyjel ef\assurance as the example given in Clause R.2. DOUBLE INSULATION and REINFORCED
INSULATION shall be.subjected to ROUTINE TESTS for electric strength.
In a SECONDARY CIRCUIT, a minimum CLEARANCE of 5 mm replaces any higher value, provided that the
insulation involved passes an electric strength test according to 5.2.2 using:
— an a.c. test voltage whose r.m.s. value is 106 % of the PEAK WORKING VOLTAGE (peak value 150 % of the
PEAK WORKING VOLTAGE), or
— ad.c. test voltage equal to 150 % of the PEAK WORKING VOLTAGE.
If the CLEARANCE path is partly along the surface of insulation that is not Material Group |, the test voltage is
applied across the air gap and the Material Group | only. The part of the path along the surface of any other
insulating material is bypassed.
2 There is no minimum CLEARANCE for FUNCTIONAL INSULATION unless it is required by 5.3.4 a).
b It is permitted to use the values for Pollution Degree 1 if one sample passes the tests of 2.10.10.



https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

MARCH 27, 2007 CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

287

Compliance is checked by measurement, taking into account Annex F. The following conditions
apply

— movable parts shall be placed in the most unfavourable position;
— for equipment incorporating ordinary NON-DETACHABLE POWER SUPPLY CORDS, CLEARANCE
measurements are made with supply conductors of the largest cross-sectional area

specified in 3.3.4, and also without conductors;

NOTE 3 The force tests of 4.2.2, 4.2.3 and 4.2.4 apply.

- WheI|7 measuring cLEARANCES from the BouNDING SURFACE Of an encLosure oOf insulating
materigl through a slot or opening in the encLosure, or through an opening in an
accesslble connector, the accessible surface shall be considered to be conductive as
if it wene covered by metal foil wherever it can be touched by the test finger, Eigure
2A (se¢ 2.1.1.1), applied without appreciable force (see Figure F.12, point X).

There is no negd to conduct an electric strength test to verify cLeARANCES excephas required in
Table G.2 if a minimum 5 mm CLEARANCE is used.
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Annex H
(normative)
lonizing radiation
(see 4.3.13)

Equipment that might produce ionizing radiation is checked by measuring the amount of

radiation.

The amount of radiation is determined by means of a radiation monitor of the ionizing chamber

type with an e
equivalent resu

Measurements
voltage (see 1
maximum radig

Internal preset
considered to b

At any point 50
36 pA/kg (5 pS|

" £ 4 N 2 L : : P AT " P
reclive arca Uil 1 UUU TTITI ur- oy rrceasurirty CYuiprricTic Or - UtricT 1ypoeco YIvirly
Is.

are made with the equipment on test operating at the most unfavourable,supply
4.5) and with operaTOR controls and service controls adjusted so as o give
tion whilst maintaining the equipment operative for normal use.

controls not intended to be adjusted during the lifetime of the eqUipment are not
e service controls.

mm from the surface of the orerATOR AccESs AREA the dose-rate shall not exceed
v/h) (0,56 mR/h) (see Note 1). Account is taken of the~background level.

NOTE 1 This value § consistent with ICRP 60.

NOTE 2 In the me

nber countries of CENELEC, the amount of ionizing radiation is regulated by European Council Directive

96/29/Euratom of 13 Nay 1996. This directive requires that at any point 10 cmifrorh the surface of the equipment, the dose-rate shall not

exceed 1 pSv/h (0,1 1

hR/h) taking account of the background level.

NAE
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Annex J
(normative)
Table of electrochemical potentials (see 2.6.5.6)
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Table J.1 — Electrochemical potentials (V)

172 —
> (5] —_ o) [y
s 5 s 8 2 g
£ = = o 2 o 8
3. s 2 282 ¢ ¢ 5
& 28 g ¢ g 228 < % 5
© » S5o Q > % 8 8 o S _ = >
E & o6 ° 8 c £§2 5§ & ®5 7T ? 2 £
- o= 2 c £ s 2= 2 g 50 o c® =1
I © <5 c ] = - = S S8 E o I S5 =
z 2 = 5 T £ 22 8 S 54 s Eo 3
a £ g = S = 3 £ 2 =5 £ - 23 © 58 =
3 N S¢c & 2 g 2 E £ O 5 s 20 = . 3% & =
5 ¢ S0 E § E s T R g 6xs5 g 8= £ 8 88 £ o
=S 8§ 8% = 8 £ § 3 8 &6 s5¥1 8 5% z 5 23 8 &8
0 05 055 (07 08 08 09 10 1,05 11 Magnesium, magnesium
Il
0 0 502 n”) Q2604 faW~ FaW N~ a WA lnvgé g'oysﬂa II]
0 0,15 0,25 0,3 0,35 045 05 0,55 80 tin/20 zinc on steel)
zinc on iron or steel
0 01 015 02 03 035 04 Aluminium
0 0,05 01 02 0,25 03 Cadmium on'steel
0 0,05 0,15 0,2 0,25 Alumifium/magnesium
allay
0 0,1 0,15 0,2 ild steel
0 0,05 0,1 Buralumin
0 0,05 Lead
0 Chromium on steel, soft
| solder
_ . 0 01 02 025 03 045705 055 0,6 |CronNion steel, tinon
Cr = Chrgmium steel, 12 % Cr stainless
Ni = Nickég! steel
0 0,1 0,15 0,24\0,35 0,4 045 0,5 | High chromium
stainless steel
0 0,05>0,1 025 0,3 0,35 04 | Copper, copper alloys
Q 0,05 02 025 0,3 0,35 | Silver solder, austenitic
stainless steel
0 0,15 0,2 0,25 0,3 | Nickel on steel
0 0,05 0,1 0,15 | Silver
0 0,05 0,1 Rhodium on silver on
copper, silver/gold alloy
0 0,05 | Carbon
0 Gold, platinum
NOTE |[Corrosion due to electrgChemical action between dissimilar metals which are in contact is minimized if the combined
electrochemical potential is below~about 0,6 V. In the above table the combined electrochemical potentials are listed for a
number pf pairs of metals in.cemmon use. Combinations above the dividing line should be avoided.

su0563
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Annex K
(normative)
Thermal controls
(see 1.5.3 and 5.3.8)

K.1 Making and breaking capacity

THERMOSTATS and TEMPERATURE LIMITERs Shall have adequate making and breaking capacity.

Compliance is
or to the tests
the switch part
accordance wit|

Components n(
whichever is m|
those occurring

During the test:

After the tests
connections sh
test as specifie
twice the volta
voltage of the F

For test purpo
frequency inhe

If it is not poss
it is used are tq

,l'lc'br'\c'u' b_y aubjb‘bl‘l‘l Iy t;IIUG DaIII[JI’(:'D C';t;lc'l tU tl’lc‘ tcbtb Uf CI’C!UDGD ;\2 culu' ;\.3,
Df K.4, as appropriate. If the component is T-marked, one sample is tested with
at room temperature, and two samples with the switch part at a temperature_in
h the marking.

bt marked with individual ratings are tested either in the equipment or\separately,
pre convenient, but, if tested separately, the test conditions are to\be similar to
in the equipment.

b, no sustained arcing shall occur.

the samples shall show no damage impairing &héir further use. Electrical
all not have worked loose. The component shallkwithstand an electric strength
0 in 5.2.2, except that the test voltage for the insulation between the contacts is
pe applied when the equipment is operated \at raTep voLTage or at the upper
JATED VOLTAGE RANGE.

ses the switching frequency can. beé“increased above the normal switching
ent to the equipment, provided that no greater risk of failure is induced.

ble to test the component separately, three samples of the equipment in which
sted.

K.2 Thermostat reliability

THERMOSTATS arfg
breaks) when t
110 % of the u

caused, thermally, to perform 200 cycles of operation (200 makes and 200
he equipment)is operated at a voltage equal to 110 % of the RATED VOLTAGE or to
bper voltage-of the RATED VOLTAGE RANGE, and under NORMAL LOAD.
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K.3 Thermostat endurance test

THERMOSTATS are caused, thermally, to perform 10 000 cycles of operation (10 000 makes and 10
000 breaks) when the equipment is operated at RATED vOLTAGE or at the upper voltage of the raTep
VOLTAGE RANGE, and under NORMAL LOAD.

K.4 Temperature limiter endurance
TEMPERATURE LIMITERS are caused, thermally, to perform 1 000 cycles of operation (1 000 makes

and 1 000 breaks) when the equipment is operated at RATED VOLTAGE, or at the upper voltage of
the RATED VOLTAGE RANGE, and under NORMAL LOAD.

K.5 Thermal cut-out reliability
THERMAL cuT-ouT$ shall operate reliably.
Compliance is ¢hecked while the equipment is operating under the conditions specified-in 4.5.2.

AUTOMATIC RESET [THERMAL cuT-ouTs are caused to operate 200 times,; MANUAL RESET FHERMAL CUT-OUTS
are reset after ach operation and thus caused to operate ten times.

After the tests, [the samples shall show no damage impairing their further use.
Forced coolingland resting periods are permitted to prevent damag€ to the equipment.
K.6 Stability af operation

THERMOSTATS, TENIPERATURE LIMITERS and THERMAL cuT-ouTs shall be so constructed that their setting is
not changed apgpreciably by heating, vibration, etc., ©ccurring in normal use.

Compliance is ¢hecked by inspection during thé abnormal operation tests of 5.3.
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Annex L
(normative)

Normal load conditions for some types of electrical business equipment

(see 1.2.2.1 and 4.5.2)

L.1 Typewriters

Typewriters are energized with no load applied until steady conditions are established. Manually
keyed machines are then operated at a rate of 200 characters per minute, with a line transport

operation after
Automatically
the manufactu

L.2 Adding m

For adding ma
key or operatin

erated machines are operated at the maximum typing speed recommended 0
r's instruction sheet.

chines and cash registers

Chines and cash registers, four digit numbers are entered or set and the repeat
O bar activated 24 times per minute, until steady conditions are‘established, the

four digit numher to be used being that which loads the machine most_heavily. If the cash
register has a drawer which opens every time an item is rung up, the cashregister is operated
at a rate of 15|operation cycles per minute, the drawer being shut after each operation, until
steady conditiqns are established. For an adding machine or cash register, an operation
consists of the preraToR setting or inserting the figures with which\thé machine is to operate and
then pressing the operating bar, repeating key or the like for each operation.

L.3 Erasers
Erasers are opgrated continuously at no load for 1 h:
L.4 Pencil shdrpeners

For a pencil sharpener, five new pencils-are each sharpened eight times according to the
following timetgble. Except for new peneils, the point is broken off before each sharpening.
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Sharpening period 4 s for a new pencil
2 s for subsequent sharpenings
Interval between sharpenings 6s

Interval between pencils

60 s

All times are approximate.

L.5 Duplicators and copy machines

Duplicators an
conditions are
copies if this is

| copy machines are operated continuously at maximum speed until steady
pstablished. It is permitted to introduce a rest period of 3 min after each~500
compatible with the design of the machine.

L.6 Motor-opefrated files

Motor-operated
distribution of
one-third of the
operation. The

A load caused
follows.

In the case of v
clearances, witl
with this load.
has stabilized.

In the case of 4
load is moved
of 15 s, until th

files are loaded to simulate a condition of unbalance caused by uneven
he contents. During operation, the unbalanced load is moved approximately

total carrier travel of the path that will impose maximum, loading during each
operation is repeated each 15 s until steady conditions. are established.

by the non-uniform distribution of the contents ispermitted to be simulated as

ertical transport, three-eighths of the filing(area are to be loaded, without leaving
0 three-eighths of the admissible load. Thé entire transport way is to be travelled
[he transport cycle is to be repeated;;at intervals of 10 s, until the temperature

different transport, for example horizontal or circular mode of transport, the total
bver the whole transport-way. The transport cycle is to be repeated, at intervals
o temperature has stabilized.
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L.7 Other business equipment

Other business equipment is operated according to the most unfavourable way of operation
given in the operating instructions.
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Annex M
(normative)

Criteria for telephone ringing and other signals DE
(see 2.3.1)

M.1 Introduction

The two alternative methods described in this annex reflect satisfactory experience in different
parts of the world. Method A is typical of analogue telephone networks in Europe, and Method
B of those in NorthAmerica—Tetwomethodsresuitin—standards—ofetectricat aafcty thatare
broadly equivalent.

M.2 Method A

This method requires that the currents Irg; and Irso flowing through a 5 000 Q resistor, between
any two condugtors or between one conductor and earth do not exceed the limits\specified, as
follows.

a) Forlnormal operation, Itsy, the current determined from the calculated or measured
current|for any single active ringing period t, (as defined in Figuré M.1), does not
exceeqr

1) for cadenced ringing (t; < =), the current given by the curve of Figure M.2
at t1,

2) for continuous ringing (t; = =), 16 MA.

Continuous ringing signals shall: D2
e be located in SERVICE ACCESS-AREAS; D2
e be so located and guarded that unintentional contact with such parts is D2
unlikely during serviee operations, or be provided with a marking to warn D2
service PERSONNEL Of the presence of continuous ringing signals: and D2
e not become-orerATOR accessible under single fault conditions. D2

Irg1, iINMA, s as given by

/
Iist = —= for (ty < 600 ms)

V2

t1 - 600 lop 1200 - ¢4 lp
— f 1
o0~ N/ + =50 b 7z or (600 ms < t; <1 200ms)

/PP
Irs1 = m for (f1 > 1 200ms)
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where:

Ip is the peak current, in mA, of the relevant waveform given in Figure

M.3;

lop is the peak-to-peak current, in mA, of the relevant waveform given

in Figure M.3;

t, is expressed in ms.

b) For
ringing
does n

Itsz in

where:

NOTE The frequenc

c) Una
continu

signal calculated for one ringing cadence cycle t, (as defined in Figure M.1),
Dt exceed 16 mA r.m.s.

MA is as given by:

1/2
! h-ti, g 1"

2
ey =|H x 1 toe
52 [tz st T X 3782

Its1 in mA, is as given by item a) of Clause M.2;

l4c is the d.c. current in mA flowingthrough the 5 000 Q resistor during the
non-active period of the cadence Cycle;

t; and t, are expressed in Milliseconds.
es of telephone ringing voltages are normally within the range of 14 Hz to 50 Hz.

er single fault conditions, including where cadenced ringing becomes
ous:

— Ilrsy(BRall not exceed the current given by the curve of Figure M.2, or 20
mA,whichever is greater;

/ shall not exceed alimit of 20 mA.

Il i Il ) vl P A s £ J ]
1O1TTiar Opcrativri, 1rgp, e averayc CUIrrcTit 10U 1epcdliCu vuiots Ul a LaluclicTu

S>>
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t1 Is:

— the duration of a single ringing
period, where the ringing is

t active for the whole of the

single ringing period;

— the sum of the active periods
of ringing within the single
ringing period, where the
single ringing period contains

|_| |_| two or more discrete active

.
ODALLON

. periods—of—ringig—eas—n—the——
1a J_t1b example shown, for which

ty b = gt tps

t, is the duration of one.com-
SM4338 plete cadence cycle.

Figure M.1 — Definition of ringing period and.cadence cycle
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Time t; ms

10 000

1000

100

10

SM434C

A

16 mA
\
\
\\
10 20 50 | 100 200 500 1000 Current /1si mA
|
60

Figure M.2 — I;g7 limit curve for cadenced ringing signal
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su0564

Figure M.3 — Peak and peak-to-peak currents

M.3 Method B

NOTE This method is aligned with USA CFR 47 ("FCC Rulgs® Part 68, Sub-part D, with additional requirements that apply

under faul{ conditions.
M.3.1 Ringing|signal
M.3.1.1 Frequéncy

The ringing signal shall use only\frequencies whose fundamental component is equal to or less
than 70 Hz.
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M.3.1.2 Voltage

The ringing volt

age shall be less than 300 V peak-to-peak and less than 200 V peak with respect

to earth, measured across a resistance of at least 1 MQ.

M.3.1.3 Cadence

The ringing volt
by no more tha

age shall be interrupted to create quiet intervals of at least 1 s duration separated
n 5 s. During the quiet intervals, the voltage to earth shall not exceed 60 V d.c.

M.3.1.4 Single fault current

Where cadenC(ld ringing becomes continuous as a consequence of a single fault, the current

through a 5 000
conductor and

M.3.2 Tripping
M.3.2.1 Condi

A ringing signg
monitoring volta
resistance conr

— if the
peak-tg

— if the
peak, 3
specifig
voltage
resistor

— if the
peak, b

Q resistor connected between any two output conductors or between one oufput
barth shall not exceed 56,5 mA peak-to-peak, as shown in Figure M.3.

device and monitoring voltage
ions for use of a tripping device or a monitoring voltage

| circuit shall include a tripping device as specified in M.8.2.2, or provide a
ge as specified in M.3.2.3, or both, depending on the current through a specified
ected between the ringing signal generator and earth,“as follows:

current through any resistor of 500 Q or greater,xdoes not exceed 100 mA
-peak, neither a tripping device nor a monitoring voltage is required;

current through any resistor of 1 500 € or greater, exceeds 100 mA peak-to-
tripping device shall be included. If the tripping device meets the trip criteria

d in Figure M.4 with any resistor efiR = 500 Q or greater, no monitoring

is required. If, however, the tripping device only meets the trip criteria with any
of R =1 500 Q or greater, almonitoring voltage shall also be provided;

current through any resistor of 500 Q or greater, exceeds 100 mA peak-to-
ut the current through, any resistor of 1 500 Q or greater, does not exceed this

value, ¢ither:

¢ a tripping.device shall be provided, meeting the trip criteria specified in
Figure Mi4~with any resistor of R = 500 Q or greater, or

¢ a monitoring voltage shall be provided.

NOTE 1 Tripping devices are, in general, current-sensitive and do not have a linear response, due to the resistance/current characteristics

and time delay/response factor in their design.

NOTE 2 In order to mi

inimize testing time, a variable resistor box should be used.
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1 000 —

Peak—to—peak
current (mA)

500 —

200 —
100

50 —

(28 ms, 600 mA)

Ringing
voltage
source

Tripping
device

L

(1,0 s, 100 mA)

20

v
|
|
|
|
|
|
I
|
|
|
|
I

0,02

SM436§

0,05 0,1 0,5

1.0

Maximal time to trip t (s)

5,0

NOTE 1 tis meagured from the time of connection of the resistor R to the circuit.

NOTE 2 The slopjng part of the curve is defined as / = 100A/t.

M.3.2.2 Tripping device

A series current-sensitive tripping device in the tinglead that will trip ringing as specified in

Figure M.4.

M.3.2.3 Monitgring voltage

A voltage to edrth on the tip or ring conductor with a magnitude of at least 19 V peak, but not
exceeding 60 | d.c., whenever thé:finging voltage is not present (idle state).

Figure M.4 — Ringing voltage trip criteria
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M.4 Other telecommunication signals

Telecommunication signaling systems (e.q.. some message waiting systems) using voltages or
current, or both, greater than those specified in 2.3.1 shall be permitted if they comply with the

following:
NOTE 1 A part may rely on different requirements for different time intervals.

NOTE 2 These requirements are based on small area contact; parts are not grippable.

measuing

d.c.. orlthe current measured is less than 0.5 mA.

34 .

~

AC Peaok component, mA
1
-~

— continuous signal: For a S|gnal of duration greater than 5 s, the current through the

Fnstroment-shown-inFigureBi—shatt-benmotgreater-thanm7+mA—pes

DC component, mA
sMo71a

Figure M.5 — Maximum a.c. and d.c. current of less than 100 Hz
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Current (DC or AC)
in milliamperes RMS
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S3259C

0,004 0,0209

5

[
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1073 1072 101 10°

Duration of Current (seconds)

Figure M.6 — Maximum current as a function of duration
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Annex N
(normative)
Impulse test generators
(see 1.5.7.2,1.5.7.3, 2.10.8.9, 6.2.2.1, 7.4.2, 7.4.3 and Clause G.5)

NOTE Extreme care is necessary when using these test generators due to the high electric charge stored in the capacitor C1.
N.1 ITU-T impulse test generators

The circuit in Figure N.1, using the component values in references 1 and 2 of Table N.1, is used
to generate impulses, the C; capacitor being charged initially to a voltage U,

Circuit reference 1 of Table N.1 generates 10/700 ps impulses (10 ps virtual front time, 700 pys
virtual time to half value) as specified in ITU-T Recommendation K.44 to simulate lightring
interference in the TELECOMMUNICATION NETWORK.

Circuit referenge 2 of Table N.1 generates 1,2/50 ps impulses (1,2 ps virtual front.time, 50 ys
virtual time to half value) as specified in ITU-T Recommendation K.44 to simulate\transients in
power distributipn systems.

The impulse whve shapes are under open-circuit conditions and can be different under load
conditions.

SM437D

Figure N.1 — ITU-T impulse test generator circuit
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N.2 IEC 60065 impulse test generator
The circuit in Figure N.2, using the component values reference 3 in Table N.1, is used to

generate impulses, the C capacitor being charged initially to a voltage U.. The switch used in
Figure N.2 is a critical part of the circuit. See 10.1 of IEC 60065, for further information.

R R,

' S— 0
L

('J O O

S4467A
Figure N.2 — IEC 60065 impulse test generator circuit
Table N.1 — Component;values for Figures N.1 and N.2
Reference Tegt Figure C4 C, R, R, Rj Rs See
impujse
14 10/70Q ps N.1 20-uF 0,2 uF 50 Q 15 Q 25Q - 1.5.7.3,
2.10.3.9,
6.2.2.1,
7.4.3 and
item b) of
Clause
G.5
2b 1,2/5C0s N = 301 766 13-© 256 572
2.10.3.9
and item
a) of
Clause
G.5
3¢ - N.2 1 nF - 1 kQ - - 15 MQ 1.5.7.3
and 7.4.2
a Reference 1 impulse is typical of voltages induced into telephone wires and coaxial cables in long outdoor cable
runs by nearby lightning strikes to earth.
b Reference 2 impulse is typical of earth potential rises caused by either lightning strikes to power lines or by power
line faults.

Table N.1 — Component values for Figures N.1 and N.2 Continued on Next Page
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Table N.1 — Component values for Figures N.1 and N.2 Continued

Reference Test Figure (o

C, R, R, R3 Rs
impulse

See

¢ Reference 3 impulse is typical of voltages induced into antenna system wiring caused by nearby lightning strikes
to earth.
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Annex P
(normative)
Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies taking into account any transition
period, effective date or date of withdrawal established for the existing document.

These docums
requirements d
application of tf

||ta alc IUfUIUIIbUU‘, iII VV:IU:U, ;II palt Ul do aitclllativc |cqui|cl||cllta tU tilU
ontained in this standard. Their use is specified, where necessary, for the
e requirements of this standard.

NOTE The list below i a summary of all standards that are referred to within this standard. Appearance of a standard in the,list on itself

does not mean that 4
applicable

he standard or parts of it are applicable. Only those parts that are specifically referenced inthiS)standard are

Further informgtion on the reference documents, including how to obtain copies, can be found

on the following
http://
http://
http://

For the locatior

IEC 60065:200
Amendment 1 1

IEC 60068-2-7§

IEC 60073, B4
Coding principl

IEC 60083, H

internet sites:
vww.iec.ch
VWW.iS0.0rg
vww.itu.int

s in the standard where these documeénts are mentioned, see the Index.

|, Audio, video and similar:-€lectronic apparatus — Safety requirements
)

, Environmentaf testing — Part 2-78: Tests — Test Cab: Damp heat, steady state

bsic and safetyprinciples for man-machine interface, marking and identification —
bs for indieation devices and actuators

lugs and socket-outlets for domestic and similar general use standardized in

member countr

jes of IEC

IEC 60085:2004, Electrical insulation — Thermal classification

IEC 60112, Method for determination of the proof and the comparative tracking indices of
insulating materials

IEC 60127-1,

Miniature fuses — Part 1: Definitions for miniature fuses and general requirements

for miniature fuse-links

IEC 60227-1:2007, Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V — Part 1: General requirements
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IEC 60227-2:1997, Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V — Part 2: Test methods

Amendment 1: 2003

IEC 60245 (all parts), Rubber insulated cables — Rated voltages up to and including 450/750V
IEC 60309 (all parts), Plugs, socket-outlets and couplers for industrial purposes

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

IEC 60317-43, Specifications for particular types of winding wires — Part 43: Aromatic polyimide
tape wrapped noturccopper-wire;,class 246

IEC 60320 (all parts), Appliance couplers for household and similar general purposes
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IEC 60364-1:2001, Electrical installations of buildings — Part 1: Fundamental principles,
assessment of general characteristics, definitions

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-DB:20023),

IEC 60664-1:1992,

Graphical symbols for use on equipment

Insulation coordination for equipment within low-voltage systems — Part 1:

Principles, reqy
Amendment 1

IEC 60695-2-1
Glow-wire flam

IEC 60695-2-2
Hotwire coil ign

IEC 60695-10-7

IEC 60695-10-3
test

IEC 60695-11-]
confirmational 1

IEC 60695-11-4
confirmational {

IEC 60695-11-§

. " L doadhad)
ITCITICTIIS alll [Colo

2000) Amendment 2 (2002)

|, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
ability test method for end-products

D, Fire hazard testing — Part 2-20: Glowing/hot wire based test“methods —
tability — Apparatus, test method and guidance
Fire hazard testing — Part 10-2: Abnormal heat — Ball pressure test

Fire hazard testing — Part 10-3: Abnormal heat —Mould stress relief distortion

, Fire hazard testing — Part 11-3: Test flames — 500 W flames: Apparatus and
est methods

, Fire hazard testing — Part 11-4:. Test flames — 50 W flames — Apparatus and
est methods

:2004, Fire hazard testing ~lPart 11-5: Test flames — Needle-flame test method

— Apparatus, confirmatory test arrangement and guidance

IEC 60695-11-1
flame test meth

IEC 60695-11-7
IEC 60730-1:1

General requirg
Amendment 1

0, Fire hazard testing— Part 11-10: Test flames — 50 W horizontal and vertical
ods

0, Fire hazard testing — Part 11-20: Test flames — 500 W flame test methods
DO9, -Automatic electrical controls for household and similar use — Part 1:

ments®)
>003)

IEC 60747-5-5,
Photocouplers,

IEC 60825-1,
user’s guide

IEC 60825-2,

IEC 60825-9,

6), Discrete semiconductor devices — Part 5-5: Optoelectronic devices —

optocouplers

Safety of laser products — Part 1: Equipment classification, requirements and

Safety of laser products — Part 2: Safety of optical fibre communication systems

Safety of laser products — Part 9: Compilation of maximum permissible exposure

to incoherent optical radiation
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IEC 60825-12,

Safety of laser products — Part 12: Safety of free space optical communication

systems used for transmission of information

IEC 60851-3:2009,
IEC 60851-5:2008,

IEC 60851-6:1996,

Winding wires — Test methods — Part 3: Mechanical properties
Winding wires — Test methods — Part 5: Electrical properties

Winding wires — Test methods — Part 6: Thermal properties

IEC 60885-1:1987, Electrical test methods for electric cables — Part 1: Electrical tests for
cables, cords and wires for voltages up to and including 450/750 V

IEC 60906-1,
Part 1: Plugs a

IEC 60906-2,
Part 2: Plugs a

IEC 60947-1:2(
IEC 60990:199

IEC 60998-1,
Part 1: Genera

IEC 60999-1,
screw-type ang
requirements fd

IEC 60999-2,
screw-type and
units for condu

IEC 61051-2:1¢
for surge supp

IEC 61058-1:2(
IEC 62133:20

electrolytes — §
from them, for

IEC system of plugs and socket-outlets for household and similar purposes —
nd socket-outlets 16 A 250 V a.c.

IEC system of plugs and socket-outlets for household and similar purposes —
hd socket-outlets 15 A 125 V a.c.

04, Low voltage switchgear and control gear — Part 1: Generalbules
D,  Methods of measurement of touch current and proteétive conductor current

Connecting devices for low-voltage circuits for household and similar purposes —
requirements

Connecting devices — Electrical copper condlictors — Safety requirements for
screwless-type clamping units — Part 1~General requirements and particular
r clamping units for conductors from 0,2 mm? up to 35 mm? (included)

Connecting devices — Electrical eopper conductors — Safety requirements for
screwless-type clamping units'= Part 2: Particular requirements for clamping
ctors above 35 mmP up to 300-mm?(included)

91, Varistors for use in-electronic equipment — Part 2: Sectional specification
ession varistors

00, Switches\for appliances — Part 1: General requirements
2, Secondary cells and batteries containing alkaline or other non-acid

afety requirements for portable sealed secondary cells, and for batteries made
ise.in portable applications

IEC 62368-1,

Audio/video, information and communication technology equipment — Part 1:

Safety requirements

IEC 62471:2006, Photobiological safety of lamps and lamp systems

ISO 178, Plastics — Determination of flexural properties

ISO 179 (all pa

rts), Plastics — Determination of Charpy impact properties

ISO 180, Plastics — Determination of Izod impact strength
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ISO 261, [ISO General-purpose metric screw threads — General plan

ISO 262, ISO General-purpose metric screw threads — Selected sizes for screws, bolts and
nuts

ISO 527 (all parts), Plastics — Determination of tensile properties
ISO 3864 (all parts), Graphical symbols — Safety colours and safety signs

ISO 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: General
guidance

ISO 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc
sources
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ISO 4892-4, Plastics, Methods of exposure to laboratory light sources — Part 4: Open-flame
carbon-arc lamps

ISO 7000-DB:20049),

Graphical symbols for use on equipment — Index and synopsis

ISO 8256, Plastics — Determination of tensile-impact strength

ISO 9772,

Cellular plastics — Determination of horizontal burning characteristics of small

specimens subjected to a small flame

ISO 97783, Plastics — Determination of burning behaviour of thin flexible vertical specimens in

contact with a gmatt=flame-fgnittor—source

ITU-T Recommendation K.44, Resistibility tests for telecommunication equipment exposed_ to

overvoltages a

ASTM E 84, 4

ASTM E 162
Heat Energy S

Code of Fede
Light-Emitting

CSA C22.1, ¢

CSA C22.2 No;
CSA C22.2 No
CSA C22.2 No
CSA C22.2 No;
CSA C22.2 No;
CSA C22.2 No;

CSA C22.2 No

CSA C22.2 No

d overcurrents — Basic Recommendation

btandard Test Method for Surface Burning Characteristics of Building-Materials

Standard Test Method for Surface Flammability of Materials Using a Radiant
burce

ral Requlations (CER). Title 21, Part 1040, Performance Standards for

Products

anadian Electrical Code, Part |

0. General Requirements — Canadian Eleetrical Code, Part Il
0.4, Bonding of Electrical Equipment

0.15. Adhesive Labels

31, Switchgear Assemblies

94, Special Purpose Enclosures

94.2-07. Enclosures for Electrical Equipment, Environmental Considerations
226, Protectors in Telecommunication Networks

233, Cords and Cord Sets for Communication Systems

CSA CAN3-C235. Preferred Voltage Levels for AC Systems. 0 to 50,000 V

CSA E60825-1, Safety of laser products — Part 1: Equipment classification, requirements and

user’s guide

IEEE C2. National Electrical Safety Code

DE

DE
DE

DE
DE

DE

DE

DE

DE

DE

DE

DE

DE

DE

DE

DE
DE

DE
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IEEE 269-2002. Standard Methods for Measuring Transmission Performance of Analog and DE

Digital Telephone Sets, Handsets. and Headsets DE
IEEE 487, Recommended Practice for the Protection of Wire-Line Communication Facilities DE
Serving Electric Power Locations DE
NFPA 70. National Electrical Code DE
NFPA 75, Standard for the Protection of Information Technology Equipment DE
REDR C137 anadian Radiation Emitting Devices Act DE
UL 50 . Enclodures for Electrical Equipment DE
UL 50E . Enclasures for Electrical Equipment, Environmental Considerations DE
UL 497 . Protectors for Paired Conductor Communications Circuits DE
UL 497A . Sedondary Protectors for Communications Circuits DE
UL 723 |, Test for Surface Burning Characteristics of Building Materials DE
UL 891 . Switchboards DE
UL 969 . Marking and Labeling Systems DE
UL 1863 . Communications-Circuit Accessories DE
UL 2043 . Fire¢ Test for Heat and Visible Smokec-Release for Discrete Products and Their | DE
Accessories Installed in Air-Handling Spaces DE
2) To be publisted.

3) “DB” refers t¢ the IEC on-line database.

4) A consolidated edition 1.2 exists, including IEC 60664-1:1992 and its Amendments 1 (2000)

and 2 (2002).

5 A consolidatgd edition<3-1" exists, including IEC 60730-1:1999 and its Amendment 1 (2003).

6) To be publisted:

9) “DB” refers to the IEC and I1SO on-line database.
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P.1 UL and CSA Component Requirements (mandatory)

Annex P.1

NOTE 1

The complete text of Annex P.1 is a DC national difference.

NOTE 2 Please note that underlining to indicate text added to IEC 60950-1 is not used in this portion of Annex P.

All IEC component standard requirements in this standard are replaced by the relevant

requirements of CSA and UL component standards as listed in this annex.

Products that 3

standard are

components w|

requirements.

Any undated re

shall be interpr
If no standard i
The following ¢

requirements i
requirements o

c ulctcllllillcul tU bUIIIP:y VV;“I C:auaua 1 - 7 alld app“ua'u:c allllICATS Uf tilib
considered to comply with UL and CSA requirements, except that some
Il require additional evaluation to determine compliance with IEC 6095031

ference to a code or standard appearing in the requirements of thisystandard
bted as referring to the latest edition of that code or standard.

5 listed, requirements are assumed to be those in IEC 60950:1~

bmponents shall comply with the requirements specified below. All IEC standard

W this standard are either replaced or modified, as noted, by the relevant
either CSA or UL or both component standards @s listed in this annex.

Annex P.1
Subclause from|| Component type UL standard CSA standard IEC publication
this standard (shall be replaced by
UL and/or CSA
Standard)
1.1.2,4.2, Enclosures for UL 50 Enclesures for CAN/CSA-C22.2 No. 94
Annex T electrical equipment | Electrical Equipment Special Purpose
UL 50E Enclosures for | Enclosures
Electrical Equipment, CSA C22.2 No. 94.2-07
Environmental Enclosures for Electrical
Considerations Equipment,
Environmental
* Considerations
113 Uninterruptible UL 1778 CSA C22.2 No. 107.1
power stupplies Uninterruptible Power | General Use Power
Systems Supplies, or CAN/CSA
C22.2 No. 107.3
Uninterruptible Power
SUupply Equipment
152 Edison-base UL 496 Lampholders CSA C22.2 No. 43
* | lampholders Lampholders
1.5.2 Ground-fault circuit- | UL 943 Ground-Fault CAN/CSA C22.2 No.
interrupters Circuit-Interrupters 144 Ground Fault Circuit
* Interrupters
152 Printed-wiring UL 796 Printed-Wiring
boards Boards

Annex P.1 Continued on Next Page
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DC

DC

DC

DC
DC

DC
DC
DC
DC

DC
DC

DC
DC
DC
DC

DC
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Annex P.1 Continued

and its associated wiring

are covered in CSA
C22 2 No 80050 1

Subclause from | Component type UL standard CSA standard IEC publication
this standard (shall be replaced by
UL and/or CSA
Standard)
152 Vehicle battery UL 2089 Vehicle Refer to CSA TIL 1-35
adapter Battery Adapters(input | for the vehicle adapter
current rating maximum | connector requirements.
12 A) A DC to DC converter

DC

The input current rating
may be increased to 12
A provided that:

1) The fuse or protective
device required by TIL
I-35, cl 2.2.4.3 shall
have a current rating not
greater than the
ampacity of the
interconnecting cord as
specified in TIL I-35 cl
2.2.3, and in no case
greater than 12A,\a@nd
2) The operating
instructions fot a unit
rated greater than 100
VA input,shall include
thefellowing or in
equally definitive
wording. The blanks
shall be completed with
appropriate current and
voltage ratings based on
the adapter input
ratings.

Annex P.1 Continued on Next Page
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Annex P.1 Continued

Subclause from
this standard

Component type

UL standard

CSA standard

IEC publication
(shall be replaced by
UL and/or CSA
Standard)

“CAUTION - Risk of
Fire. Do not replace any
vehicle fuse with a
rating higher than
recommended by the
vehicle manufacturer.

This product is rated to
e

draw ___amperes from
a __ V vehicle outlet.
Ensure that the
electrical system in your
vehicle can supply this
product without causing
the vehicle fusing to
open. This can be
determined by making
sure the fuse in the
vehicle which protects
the outlet is rated higher
than ___amperes:
Information onthe
vehicle fuse ratings are
typically feund in the
vehicle eperator’s
manual. If a vehicle fuse
opens repeatedly, do
not keep on replacing it.
The cause of the
overload must be found.
On no account should
fuses be patched up
with tin foil or wire as
this may cause serious
damage elsewhere in
the electrical circuit or
cause fire.”

1.5.2

Electrochemical
Capacitor Modules
(e.g., enerdy
storage/modules
consisting” of
multiple
electrochemical

UL 810A
Electrochemical
Capacitors

capacitors, also
sometimes known
as "ultracapacitors”,”
“electric double
layer capacitors”,
double layer
capacitors”, or
“supercapacitors”)
These requirements
do not apply to
electrolytic
capacitors

Annex P.1 Continued on Next Page
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Annex P.1 Continued DC

Subclause from
this standard

Component type

UL standard

CSA standard

IEC publication
(shall be replaced by
UL and/or CSA
Standard)

155

Interconnecting
cables (non LPS,
3,05 m or less)

UL 758 Appliance
Wiring Material

CAN/CSA C22.2 No.
210 Appliance Wiring
Material Products

1.5.9

VDRs (varistors or
MOVs), rated below
250 V, and surge
suppressors (See

UL 1449 Surge
Protective Devices

Certification Notice No.
516 or CSA LTR No.
1-002-2011 — Test
program for Varistors

IEC 61051-2 Varistors
for use in electronic
equipment - Part 2:
Sectional specification

P.2 (1.5.9))

(MOVs) and Gas
Discharge Tubes
(GDTs) (Where the
surge suppressor is
relied upon to achieve
Overvoltage Category 1,
UL 1449 requirements
apply)

for surge suppression
varistors

2.7

Circuit breakers

UL 489 Molded-Case
Circuit Breakers,
Molded-Case Switches,
and Circuit-Breaker
Enclosures

CSA C22.2 No. 5
Molded-Case Circuit
Breakers, Molded-Case
Switches and Circuit4
Breaker Enclosures

2.7

Fuseholders

UL 4248-1 Fuseholders
— Part 1: General
Requirements

UL 4248-4 Fuseholders
— Part 4: Class CC

UL 4248-5 Fuseholders
— Part 5: Class G

UL 4248-8 Fuseholders
— Part 8: Class J

UL 4248-12
Fuseholders)=.Part 12:
Class R

UL 4248315
Fuseholders — Part 15:
Class T

CSA C22.2 No.\39
Fuseholder Assemblies

Annex P.1 Continued on Next Page
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Annex P.1 Continued

Subclause from
this standard

Component type

UL standard

CSA standard

IEC publication
(shall be replaced by
UL and/or CSA
Standard)

2.7 Fuses (branch UL 248-1 Low-Voltage |CSA C22.2 No. 248 IEC 60127-1 Miniature
circuit applications) | Fuses — Part 1: Series Low-Voltage fuses — Part 1:
General Requirements | Fuses definitions for
UL 248-4 Low-Voltage |CSA C22.2 No. 248.1 miniature fuses and
Fuses — Part 4: Class | Low-Voltage Fuses — general requirements
CC Fuses Part 1: General for miniature fuse-
L _248.5 Class (3 anuirnmnnfc links
Fuses CSA C22.2 No. 248.4
UL 248-8 Low-Voltage |Low-Voltage Fuses —
Fuses — Part 8: Class J | Part 4: Class CC Fuses
Fuses CSA C22.2 No. 248.5
UL 248-10 Low-Voltage | Low-Voltage Fuses —
Fuses — Part 10: Class | Part 5: Class G Fuses
L Fuses CSA C22.2 No. 248.8
UL 248-12 Low-Voltage | Low-Voltage Fuses —
Fuses — Part 12: Class | Part 8: Class J Fuses
R Fuses CSA C22.2 No. 248.10
UL 248-15 Low-Voltage | Low-Voltage Fuses —
Fuses — Part 15: Class | Part 10: Class L Fusés
T Fuses CSA C22.2 No. 248.12
Low-Voltage Flses —
Part 12: Class, R Fuses
CSA C22:2.No. 248.15
Low-Voltage Fuses —
* Part'15: Class T Fuses
2.7 Supplementary UL 1077 CAN/CSA C22.2 No.
protectors Supplementary 235 Supplementary
Protectors for Use in Protectors
* Electrical Equipment
2.8.4 Solid-state controls | UL 244A Solid*State CSA C22.2 No. 156
Controls forAppliances | Solid-State Speed
Compliance“with UL Controls
60730-1.Standard for
Automatic Electrical
Gontrols for Household
and Similar Use, Part
1: General
Requirements, and/or
the applicable Part 2
standard from the UL
60730 series fulfills
* these requirements.
2.8.7 Limit controls UL 353 Limit Controls | CSA C22.2 No. 24

Temperature-Indicating
and Regulating
Equipment

Annex P.1 Continued on Next Page
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Annex P.1 Continued

Subclause from | Component type UL standard CSA standard IEC publication
this standard (shall be replaced by
UL and/or CSA
Standard)
2.8.7,34 Switches UL 20 General-Use CSA C22.2 No. 55 IEC 61058-1:
Snap Switches Special Use Switches Switches for
UL 917 Clock-Operated | CSA C22.2 No. 111 Appliances — Part 1:
Switches General-Use Snap General Requirements
UL 1054 Special-Use | Switches
Switches CAN/CSA C22.2 No.
UL 681058.1 Switches 177 Clock. f')pnrafnd
for Appliances — Part 1: | Switches
General Requirements | CAN/CSA C22.2 No.
61058-1 Switches for
Appliances — Part 1:
General Requirements
2.91 Insulating tubing UL 224 Extruded CSA C22.2 No. 198.1
Insulating Tubing Extruded Insulating
* Tubing
2.91 Insulating tape UL 510 Polyvinyl CSA C22.2 No. 197
Chloride, Polyethylene, | PVC Insulating Tape(For
and Rubber Insulating | other than PVC tape, UL
** Tape 510 applies)
2.10.5.4, Insulated UL 2353 Single- and CAN/CSA C222 No.
Annex U transformer winding | Multi-layer Insulated 210 Applianée’ Wiring
wiring (supplements | Winding Wire Material Preducts
requirements in
*|[ 2.10.5.4/Annex U)
3.1 Wires and cables UL 44 Thermoset- CSA'C22.2 No. 35
Insulated Wires and Extra-Low-Voltage
Cables Control Circuit Cables,
UL 83 Thermoplastic-* | Low-Energy Control
Insulated Wires @nd Cable, and Extra-Low
Cables Voltage Control Cable
UL 758 Appliance CSA C22.2 No. 127
Wiring”Material Equipment and Lead
Wires
CAN/CSA C22.2 No.
210.2 Appliance Wiring
* Material Products
3.2.1.2, DC Rated UL 2695 Outline for DC
3.2.4, Attachment-Plugs Rated Attachment
3.252 and Ouftet Devices | Plugs and Outlet
(used ‘with Devices Intended for
equipment installed | Use with Information
in Reéstricted Access | Technology and
LoLativlis) TrCreeurmmrmarmeativrio
Equipment Installed in
Restricted Access
Locations

Annex P.1 Continued on Next Page
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Annex P.1 Continued

Subclause from
this standard

Component type

UL standard

CSA standard

IEC publication
(shall be replaced by
UL and/or CSA
Standard)

cables

and Fixture Wire

Flexible Cords and
Cables

CAN/CSA C22.2 No. 96
Portable Power Cables

3.2.4, Attachment plugs, UL 498 Attachment CSA C22.2 No. 42 IEC 60083: 1997
3.2.5,4.3.6 receptacles, and Plugs and Receptacles | General Use Plugs and socket-
connectors UL 1682 Plugs, Receptacles, outlets for domestic
Receptacles, and Attachment Plugs, and | and similar general
Cable Connectors, of | Similar Wiring Devices | use
the Pin and Sleeve CSA C22.2 No. 182.1 IEC 60309: 1988,
Typn Bl 3 sacket.
Connectors of the Pin outlets and couplers
and Sleeve Type for industrial purposes
CSA C22.2 No. 182.2 IEC 60320: 1981
Industrial Locking Type, | Appliance couplers‘for
Special Use Attachment | household and:similar
Plugs, Receptacles, and | general plrposes
Connectors
CSA C22.2 No. 182.3
Special Use Attachment
Plugs, Receptacles, and.
* Connectors
325 Cord sets and UL 817 Cord Sets and | CSA C22.2 No. 2} Cord
power supply cords | Power-Supply Cords Sets and Power-Stpply
("solid green” Cords ("soligrgreen”
protective earthing protective earthing
* conductor acceptable) | conductohacceptable)
3.25 Flexible cords and | UL 62 Flexible Cord CSA C22.2 No. 49 IEC 60227: 1979

Polyvinyl chloride
insulated cables of
rated voltages up to
and including 450/750
Vv

IEC 60245: 1980,
1985 Rubber
insulated cables of
rated voltages up to
and including 450/750
Vv

IEC 60885-1: 1987
Electrical test
methods for electric
cables. Part 1:
Electrical tests for
cables, cords, and
wires for voltages up
to and including 450/

750 V

UL 486E Equipment
Wiring Terminals for
Use with Aluminum
and/or Copper
Conductors

3.2.5,4.3.6 * | Direct plug-in units | See 4.3.6
3.3 Wire connectors (for | UL 486A-486B Wire CSA C22.2 No. 65 Wire
field wiring) Connectors Connectors

Annex P.1 Continued on Next Page
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Annex P.1 Continued

Subclause from
this standard

Component type

UL standard

CSA standard

IEC publication
(shall be replaced by
UL and/or CSA

current interruption
[Exception:
Connectors in
circuits supplied by
LPS or in circuits
(normal operation)
less than 30 Vrms
(or 42.4 Vpk/dc)
and less than 8.3 A
(UL 1977, Type 0;
CSA 182.3, Type
0).]

Connectors for Use.in
Data, Signal, Control
and Power Applications
(current interruption
requirements)

Special Use Attachment
Plugs, Receptacles, and
Connectors (current
interruption
requirements)

Standard)
3.4 Industrial control UL 61131-2 CSA C22.2 No. 14
equipment Controllers, Industrial Control

Programmable — Part | Equipment
2: Equipment CAN/CSA E61131-2-06
Requirements Programmable
UL 60947-1 Switchgear | controllers — Part 2:
and. f‘nnfrnlgnar’ Lo I—_q:y.'pment_;equ"(nmnnfc
Voltage — Part 1: and tests
General Rules CAN/CSA C22.2 No.
UL 60947-4-1A 60947-1-07 Low-Voltage
Switchgear and Switchgear and
Controlgear, Low- Controlgear — Part 1:
Voltage — Part 4-1: General rules
Contactors and Motor- | CAN/CSA C22.2 No.
Starters 60947-4-1-07 Low-
UL 60947-5-2 Voltage Switchgear and
Switchgear and Controlgear — Part 4-1:
Controlgear, Low- Contactors and motor-
Voltage — Part 5-2: starters —
Control Circuit Devices | Electromechanical
and Switching contactors apd motor-
Elements starters

3.4,2.8.7 *|| Switches See 2.8.7

421.1.2, Enclosures for See 1.1.2

Annex T *|| electrical equipment

4.3.5 Connectors used for | UL 1977 Component CSA C22.2 No. 182.3

Annex P.1 Continued on Next Page
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Subclause from
this standard

Component type

UL standard

CSA standard

IEC publication
(shall be replaced by
UL and/or CSA
Standard)

4.3.6,3.25

Direct Plug-in units
(For Direct plug-in
units investigated to
this standard for

use with equipment
covered under the

Lscopeofthis

UL 1310 Class 2
Power Units [Weight
and moment (7.11 —
7.12), mounting tab
(7.15), distance from

gripping surface to ac
mains-hlades (7 16

CAN/CSA C22.2 No.
223 Power Supplies
With Extra-Low-Voltage
Class 2 Outputs [Weight
and moment (4.1.4,
4.1.5), distance from

aripping-surface to ac
AR et

standard, additional
requirements apply
as indicated.)

—7.18), integral blade
assembly (14.1.1),
travelers requirements
(14.1.4), backfeed
protection (15.4.3),
security of ac mains
blades tests (43 — 44),
mechanical abuse tests
(46).]

For Direct plug-in units
with mounting tabs,
local regulations in
Canada do not permit
use of a mounting tab
to mount the DPIU to
an outlet. Therefore, for
such DPIU investigated
to CSA/UL 62368-1,
the following additional
instruction, or similar
wording, shall be
supplied with the DRIU.
NOTICE - Local
Regulations.in_Canada
do not permit use of a
mounting tab. In
Canada, do not use the
mounting tab to attach
the unit to an outlet.

mains blades (4.5.1.4),
integral blade assembly
(4.5.1.1), security of ac
mains blades test
(6.10.4 — 6.10.6),
mechanical abuse tests
(6.9.1 — 6.9.4), mounting
tab (4.5.1.2), insertion in
duplex receptacle
(4.5.1.3).]

For Direct plug-in units
with mounting tabs, lacal
regulations in Cahada
do not permit-use/of a
mounting tab‘to mount
the DPIU+{e’an outlet.
Therefore; for such
DPIWnvestigated to
CSA/UL 62368-1, the
following additional
instruction, or similar
wording, shall be
supplied with the DPIU.
NOTICE - Local
Regulations in Canada
do not permit use of a
mounting tab. In
Canada, do not use the
mounting tab to attach
the unit to an outlet.

4.3.6,
3.25,3825

Attachment plugs;
receptacles)and
connectors

See 3.2.4

4.3.8

Portable. Secondary
Sealed Cells and
Batteries

See sub-clause 4.3.8.

See sub-clause 4.3.8.

4.3.8

Battery Packs Used
in Stationary
Equipment

See sub-clause 4.3.8.

See sub-clause 4.3.8.

4.7.3.1

Enclosure materials
(large surface
areas)

UL 7283 Test for
Surface Burning
Characteristics of
Building Materials

CAN/CSA C22.2 No.
0.17 Evaluation of
Properties of Polymeric
Materials

Annex P.1 Continued on Next Page
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Annex P.1 Continued

Subclause from | Component type UL standard CSA standard IEC publication
this standard (shall be replaced by
UL and/or CSA
Standard)
4.7.31 Enclosure materials | UL 2043 Fire Test for
(environmental air Heat and Visible
space) Smoke Release for
Discrete Products and
Their Accessories
Installed in Air-
Hand[‘pg Qpat‘ne
5.3.7 Thermal cutoffs UL 60691 Thermal- CSA C22.2 No. 209
Links — Requirements | Thermal Cut-Offs
* and Application Guide
5.3.7 Thermostats UL 873 Temperature- |CSA C22.2 No. 24
Indicating and Temperature-Indicating
-Regulating Equipment | and Regulating
Compliance with UL Equipment
60730-1 Standard for
Automatic Electrical
Controls for Household
and Similar Use, Part
1: General
Requirements, and/or
the applicable Part 2
standard from the UL
60730 series fulfills
* these requirements.
6.4 Communication UL 497 Protectors for | GAN/CSA C22.2 No.
circuit protectors Paired Conductor 182.4 Plugs,
and accessories Communications Receptacles, and
Circuits Connectors for
UL 497A Secondary Communication Systems
Protectors for CAN/CSA C22.2 No.
Communicatiohs 226 Protectors in
Circuits Telecommunication
UL 4978’ Protectors for | Networks
Data Communications | CAN/CSA C22.2 No.
and Fire Alarm Circuits | 233 Cords and Cord
UL 1863 Sets for Communication
Communications-Circuit | Systems
* Accessories
Annex T, Enclosuresdor See 1.1.2
1.1.2,4.2 electrical_equipment
Annex U, Insulated See 2.10.5.4
2.10.5.4 transformer winding
wirnh I‘LJ
* Indicates UL, CSA or both standards having requirements providing equivalent levels of safety within the meaning
of this standard. Requirements of either UL or CSA standard may be used.
** Standards are equivalent except under conditions specified in parentheses in the table.

DC

DC
DC
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P.2 UL and CSA Component Requirements (alternative)

Annex P.2

NOTE 1 The complete text of Annex P.2 is a DC national difference.

NOTE 2 Please note that underlining to indicate text added to IEC 60950-1 is not used in this portion of Annex P.

All IEC component standard requirements in this standard are replaced by the relevant
requirements of CSA and UL component standards as listed in this annex.

Products that 3
standard are
components w|
requirements.

Any undated re
shall be interpr

If no standard i
In the U.S. and

UL or CSA st
component sta

c ulctcllllillcul tU bUIII[J:y VV;“I C:auaua 1 - 7 alld app“ua'u:c allllICATS Uf tilib
considered to comply with UL and CSA requirements, except that some
Il require additional evaluation to determine compliance with IEC 6095031

ference to a code or standard appearing in the requirements of thisystandard
bted as referring to the latest edition of that code or standard.

5 listed, requirements are assumed to be those in IEC 60950:1~

Canada, any of the following components that comply with either the specified
ndards are considered as an acceptable alternative to the referenced IEC

dard and comply with the requirements of this standard.

Annex P.2

Subclause from
this standard

Component UL standard CSA standard IEC publication (may
type be replaced by UL or
CSA Standard)

1.1.1

External Power | UL 60950-1 Inforthation | CAN/CSA C22.2 No.
Supply Units Technology Equipment | 60950-1 Information

- Safety - Part)1: Technology Equipment -
General Requirements | Safety - Part 1: General
UL 1310 Class 2 Requirements

Pewer Units CAN/CSA C22.2 No. 223
Power Supplies with
Extra-Low-Voltage Class
2 Outputs

(Direct Plug-In Units with
a mounting tab are not
permitted in CAN/CSA
C22.2 No. 223.)

1.2.12.2, Plastic materials | UL 94 Tests for CAN/CSA C22.2 No. 0.17 | IEC 60695-11-10:1999
1.2.12.3, V-0, V-1, V-2 Flammability of Plastic | Evaluation of Properties |, Fire hazard testing —
1.2.124 Materials for Parts in of Polymeric Materials Part 11-10: Test flames
Devices and — 50 W horizontal and
Appliances vertical flame test
t methods
1.2.12.5, Plastic materials | UL 94 Tests for CAN/CSA C22.2 No. 0.17 | IEC 60695-11-20:1999
1.2.12.6 5VA, 5VB Flammability of Plastic | Evaluation of Properties |, Fire hazard testing —
Materials for Parts in of Polymeric Materials Part 11-20: Test flames
Devices and — 500 W flame test
1 Appliances methods

Annex P.2 Continued on Next Page
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Annex P.2 Continued

Subclause from
this standard

Component
type

UL standard

CSA standard

IEC publication (may
be replaced by UL or
CSA Standard)

cables (LPS,
3,05 m or less)

Wiring Material

Appliance Wiring Material
Products

1.2.12.7, Plastic materials | UL 94 Tests for CAN/CSA C22.2 No. 0.17 | ISO 9772:1994,
1.2.12.8, HF-1, HF-2, HBF | Flammability of Plastic | Evaluation of Properties | Cellular plastics —
1.2.12.9 Materials for Parts in of Polymeric Materials Determination of
Devices and horizontal burning
Appliances characteristics of small
specimens subjected to
1 a small flame
1.2.12.10, PrasticTmaterars Ot 94 Tests for CAN/CSA C22 2 No O 17 THEC60695-11=1071999;
1.2.12.11 HB40, HB75 Flammability of Plastic | Evaluation of Properties | Fire hazard testing —
Materials for Parts in of Polymeric Materials Part 11-10: Test flames
Devices and — 50 W horizontal and
Appliances vertical flame test
1 methods
1.2.12.12, Plastic materials | UL 94 Tests for CAN/CSA C22.2 No. 0.17 | ISO 97731998,
1.2.12.13, VTM-0, VTM-1, Flammability of Plastic | Evaluation of Properties | Plastics™<
1.2.12.14 VTM-2 Materials for Parts in of Polymeric Materials Detertmination of
Devices and burning behaviour of
Appliances thin flexible vertical
specimens in contact
with a small-flame
1 ignition source
152 Battery chargers | UL 1236 Battery CAN/CSA C22:2 No.
Chargers for Charging |107.2 BatteryChargers
Engine-Starter
1 Batteries
152 Connectors UL 1977 Component CSA'C22.2 No. 182.3
Connectors for Use in | Special Use Attachment
Data, Signal, Control Plugs, Receptacles and
and Power Applications'| Connectors
1.5.2 EMI filters UL 1283 CSA C22.2 No. 8
Electromagnetic. Electromagnetic
Interference [Filters Interference (EMI) Filters
15.2 Electric fans UL 507 ‘Electric Fans CSA C22.2 No. 113 Fans
and Ventilators
152 Power supplies | UE:60950-1 Information | CAN/CSA C22.2 No.
(internal) Technology Equipment | 60950-1 Information
— Safety — Part 1: Technology Equipment —
General Requirements | Safety — Part 1: General
Requirements First
T Edition
154,533 Transformers UL 5085-1 Low Voltage | CSA C22.2 No. 66
Transformers — Part 1: | Specialty Transformers
General Requirements
UL 5085-3 Low Voltage
Transformers — Part 3:
Class 2 and Class 3
Transformers
1.5.5 Interconnecting | UL 758 Appliance CAN/CSA C22.2 No. 210

Annex P.2 Continued on Next Page
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Annex P.2 Continued

Subclause from Component UL standard CSA standard IEC publication (may
this standard type be replaced by UL or
CSA Standard)
1.5.6,1.5.7 XandY UL 60384-14 Fixed CAN/CSA E60384-14 IEC 60384-14:1993
capacitors Capacitors for Use in Fixed Capacitors for User | Fixed capacitors for
Electronic Equipment — | in Electronic Equipment — | use in electronic
Part 14: Sectional Part 14: Fixed capacitors | equipment — Part 14:
Specification: Fixed for electromagnetic Sectional specification:
Capatcitors for interference suppression | Fixed capacitors for
Electromagnetic and connection to the electromagnetic
Hhterference HBPH AR HHEHErOR6e
Suppression and suppression and
Connection to the connection to the
Supply Mains supply mains
1.5.9, Annex Q VDRs (Varistors | UL 1449 Surge Certification Notice No. IEC 61051-2 Vatistors
or MOVs) rated | Protective Devices 516, or CSA LTR No. for use in electronic
250 V or above 1-002-2011 — Test equipment\¥ Part 2:
(see P.1 (1.5.9)) program for Varistors Sectional-specification
(MOVs) and Gas for surge’suppression
Discharge Tubes (GDTs) | varistors
(Where the surge
suppressor is relied upon
to achieve Overvoltage
Category 1, UL 1449
requirements apply)
1.7.11 Marking and UL 969 Marking and CSA C22.2No. 0.15
labeling Labeling Systems Adhesive. kabels
25,6.3 PTC UL 1434 Thermistor- Informs Component IEC 60730-1 Automatic
Type Devices Acceptance No. CA-18A | electrical controls for
UL 60730-1A and associated TIL No. household and similar
Automatic Electrical CA-3A Component use. Part 1: general
Controls for Househald™| Acceptance requirements
and Similar Use; Rart | Requirements for PTC
1: General Thermistors for
Requirements Overcurrent Protection in
Compligncewith UL Electrical and Electronic
60730-1"Standard for | Equipment, or CSA
Automatic Electrical Component Acceptance
Gontrols for Household | Service No. 53 —
and Similar Use, Part | Component Acceptance
1: General Program for PTC
Requirements, and/or | Thermistors used as
the applicable Part 2 Overcurrent Protectors in
standard from the UL | Electrical and Electronic
60730 series fulfills Equipment
these requirements.
2.5, Annex OveroUErent SU-2367Outhinefor
CC protectors Solid State Overcurrent
Protectors
27,25 Fuses UL 248-14 Low-Voltage | CSA C22.2 No. 248.14 IEC 60127-1 Miniature
(supplementary | Fuses — Part 14: Low Voltage Fuses — fuses — Part 1:
applications) Supplemental Fuses Part 14: Supplemental definitions for miniature
UL 1417 Special Fuses | Fuses fuses and general
for Radio- and requirements for
Television-Type miniature fuse-links
Appliances

Annex P.2 Continued on Next Page
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Annex P.2 Continued

Subclause from
this standard

Component
type

UL standard

CSA standard

IEC publication (may
be replaced by UL or
CSA Standard)

2.7

Fusing resistors

UL 1412 Fusing
Resistors and
Temperature-Limited
Resistors for Radio-
and Television-Type
Appliances

UL 60730-1A

Automatic Electrical

CSA C22.2 No. 1 Audio,
Video and Similar
Electronic Equipment

IEC 60730-1 Automatic
electrical controls for
household and similar
use. Part 1: general
requirements

Controls for Household
and Similar Use; Part
1: General
Requirements
Compliance with UL
60730-1 Standard for
Automatic Electrical
Controls for Household
and Similar Use, Part
1: General
Requirements, and/or
the applicable Part 2
standard from the UL
60730 series fulfills
these requirements.

Annex P.2 Continued on Next Page
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Annex P.2 Continued

Electrical Equipment
Evaluations (Sections
8 and 9) The following
materials are
considered acceptable

forthe sunpnort of
g

Polymeric Materials The
following materials are
considered acceptable for
the support of uninsulated
live parts: slate, porcelain,

phenolic-—or cold-maolded
™ Y

Subclause from Component UL standard CSA standard IEC publication (may
this standard type be replaced by UL or
CSA Standard)
2.91 Insulating UL 746C Polymeric CAN/CSA-C22.2 No. 0.17
materials Materials — Use in Evaluation of Properties of

uninsulated live parts:
slate, porcelain,
phenolic, or cold-
molded composition,
unfilled polycarbonate,
unfilled nylon, nylon
filled with inorganic
compounds, melamine,
melamine-phenolic,
urea formaldehyde, or
other material
acceptable for the
support of parts that
are judged to comply
with the Standard for
Polymeric Materials —
Use in Electrical
Equipment
Evaluations, UL 746C.
These materials should
withstand the most
severe conditions likely:
to be met in service,

— A material need not
comply with.the
requirements in UL
746C if it meets the
insulation requirements
applicable to the
component.

— Laminate material in
printed wiring boards
need not comply with
the requirements in UL
746C.

— Vulcanized fiber may

composition, unfilled
polycarbonate, unfilled
nylon, nylon filled with
inorganic compounds,
melamine, melamine-
phenolic, or other material
acceptable for the support
of parts that are judged to
comply with the standard
for polymeric materials —
Evaluation of Properties 6f
Polymeric Materials, CSA
0.17. These materials
should withstangdsthe’most
severe conditions likely to
be met in service.

— A material*heed not
comply ‘with the
requirements in CSA 0.17
if itimeets the insulation
requirements applicable to
the component.

— Laminate material in
printed wiring boards need
not comply with the
requirements in CSA 0.17.
— Vulcanized fiber may be
used for insulating
bushings, washers,
separators, and barriers,
but not as the sole
support for uninsulated
live parts if shrinkage,
current leakage, or
warpage can result in a
risk of fire, electric shock,

bc UOUd fUI ;Ilcu:at;llu
bushings, washers,
separators, and
barriers, but not as the
sole support for
uninsulated live parts if
shrinkage, current
leakage, or warpage
can result in a risk of
fire, electric shock,
injury to persons, or
electrical energy — high
current levels.

;Iljuly tU }JUIOUI 19, Ul
electrical energy — high
current levels.

Annex P.2 Continued on Next Page
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Annex P.2 Continued

DC

Subclause from Component UL standard CSA standard IEC publication (may
this standard type be replaced by UL or
CSA Standard)
2.9.1,452 Insulating UL 1446 Systems of CAN/CSA C22.2 No. 0 IEC 60085 Electrical
systems Insulating Materials — | General Requirements — | insulation — Thermal
General Canadian Electrical Code, | classification
1 Part Il
2.10.5.4 Optical isolators | UL 1577 Optical CSA Certification Notice,
Isolators Component Acceptance
Service No. 5A
\ANTTOUTICTITICTTU UT
Extension of the
Component Acceptance
Service for Optocouplers
and Related Devices)
2.10.5.13 Magnet wire ANSI/NEMA MW 1000 | ANSI/NEMA MW 1000 IEC 60317
Magnet Wire (Heavy Magnet Wire (Heavy Specifications for
Build) Build) particufattypes of
winding wires (Grade
2)
2.10.6.2, Conformal UL 746C Polymeric CSA Electrical Bulletin
Annex R coatings Materials — Use in 1402C
Electrical Equipment
1 Evaluations
3.2.3 Outlet boxes UL 514A Metallic CAN/CSA C22:2/No. 18
Outlet Boxes; or Outlet Boxesy€onduit
UL 514B Conduit, Boxes, Fittihngs and
Tubing and Cable Associdted Hardware; or
Fittings; or CAN/ESA C22.2 No. 85
UL 514C Nonmetallic | Rigid PVC Boxes and
Outlet Boxes, Flush- Fittings
Device Boxes, and
Covers
3.3 Terminal blocks | UL 1059 Termihal CSA C22.2 No. 158
1 Blocks Terminal Blocks
4.2.8 Cathode ray UL 61965 Mechanical | CAN/CSA C22.2 No.
tubes Safety*for Cathode 60065 Audio, Video and
Ray \Fubes Similar Electronic
Apparatus — Safety
Requirements , Clause 18
CAN/CSA E61965
Mechanical Safety of
Cathode Ray Tubes
4.3.4 Wire-eannectors | UL 486A-486B Wire CSA C22.2 No. 65 Wire
Connectors Connectors
UL 486C Splicing Wire
Connectors
UL 486E Equipment
Wiring Terminals for
Use with Aluminum
and/or Copper
Conductors
4.3.12 Flammability of | UL 340 Tests for
liquids Comparative
Flammability of Liquids

Annex P.2 Continued on Next Page
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Annex P.2 Continued

Subclause from Component UL standard CSA standard IEC publication (may
this standard type be replaced by UL or
CSA Standard)
4.3.13.3 Materials UL 746C Polymeric CAN/CSA C22.2 No. 0.17
subjected to UV | Materials — Use in Evaluation of Properties of
exposure Electrical Equipment Polymeric Materials
Evaluations Sections
25 (UV Exposure) and
57 (UL Light Exposure
Test)
452,291 irsttating See2-9-%
T systems
4.6.5 Adhesives UL 746C Polymeric CAN/CSA C22.2 No. 0.17
Materials — Use in Evaluation of Properties of
Electrical Equipment Polymeric Materials
Evaluations
4.7 Polymeric UL 746A Polymeric CAN/CSA C22.2 No. 0.17
materials Materials — Short Term | Evaluation of Properties of
Property Evaluations; Polymeric Materials
or
UL 746B Polymeric
Materials — Long Term
Property Evaluations;
or
UL 746C Polymeric
Materials — Use in
Electrical Equipment
Evaluations; or
UL 746D Polymeric
Materials — Fabricated
1 Parts
4.7.3 Flammability of | UL 94 Tests for CAN/CSA C22.2 No. 0.17
plastic materials | Flammability of Rlastic | Evaluation of Properties of
Materials for Parts“in Polymeric Materials
Devices and
T Appliances
4.7.31 Glow wire test UL 746A Polymeric CAN/CSA C22.2 No. 0.17 | IEC 60695-1-1 Fire
Materials — Short Term | Evaluation of Properties of | Hazard Testing — Part
Property Evaluations Polymeric Materials 1-1: Guidance for
Assessing the Fire
Hazard of
Electrotechnical
Products — General
1 Guidelines
4.7.35 Aix filter units UL 900 Air Filter Units
4.7.3.6 High-voltage UL 1413 High-Voltage [CSA C22.2 No. 1 Audio,
components Components for Video and Similar
Television-Type Electronic Equipment
Appliances
5.3.2 Motors UL 1004-1 Rotating CSA C22.2 No. 77 Motors
Electrical Machines — | with Inherent Overheating
General Requirements | Protection or
UL 1004-2 Impedance |CSA C22.2 No. 100
Protected Motors Motors and Generators
UL 1004-3 Thermally
Protected Motors
UL 2111 Overheating
1 Protection for Motors

Annex P.2 Continued on Next Page
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Annex P.2 Continued DC
Subclause from Component UL standard CSA standard IEC publication (may
this standard type be replaced by UL or
CSA Standard)
5.3.3,1.5.4 Transformers See 1.5.4
6.3, 2.5 PTC See 2.5
A2 Small plastic UL 1694 Tests for CAN/CSA C22.2 No. 0.17 | IEC 60695-2-2 Fire
materials flame | Flammability of Small | Evaluation of Properties of | Hazard Testing — Part
tests Polymeric Component | Polymeric Materials, 2: Test Methods —
Materials Appendix C Section 2: Needle
t Flame Test
Annex B T Motor protection | See 5.3.2 See 5.3.2
Annex R, Conformal See 2.10.6
2.10.6.2 1 coatings
Annex Q, VDRs (Varistors |See 1.5.9
1.5.9 or MOVs) rated
250 V or above
1 Indicates CSA gr UL standard having requirements that meet or exceed the relevant IEC requirements DC
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A VDR shall co

Annex Q
(normative)
Voltage dependent resistors (VDRs)
(see 1.5.9.1)

mply with IEC 61051-2, whether a FIRe ENCLOSURE is provided or not, taking into

account all of the following:

— Preferred climatic categories (2.1.1 of IEC 61051-2:1991):

— Maxi

NOTE The maximum

— Com

1:2009].

For the
Amend

* lower category temperature: — 10 °C

e upper category temperature: + 85 °C

e duration of damp heat, steady state test: 21 days.

mum continuous voltage

 at least 1,25 times the rated voltage of the equipment or

 at least 1,25 times the upper voltage of the ratedvoltage range.

Continuous voltages are not limited to values specified in 2.1.2 of IEG,61051-2:1991, other voltages are permitted.
bination pulse (Table | group 1 of IEC 6105%-2:1991 including Amendment

test, a combination pulse is selected from 2.3.6 in IEC 61051-2:1991,
ment 1: 2009. The test consists©f 10 positive pulses or 10 negative pulses,

each having a shape of 1,2/50 ps fotvoltage and 8/20 pus for current

For the
MAINS SU

For ovq
except
combin
combin
1 and £

selection, ac maiNs suppLy-Voltage and overvoltage category, see Table G.1.
ppLy under 300 \is considered to be 300 V.

rvoltage category IV of Table G.1, a combination pulse 6 kV/3 kA is used

for equipMment intended for connection to a system supply of 600 V, for which a
ation pulse of 8 kV/4 kA is used. As an alternative to the 6 kV/3 kA test, the
ation pulse test of IEC 61051-2:1991, Amendment 1:2009 (2.3.6, Table | group
nnex A), including consideration of the nominal mains suppLy voltage and

overvol

tage category, is acceptable.

In addition to the performance requirements of Table | group 1 of IEC 61051-2:1991

and its

Amendment 1: 2009, the VDR voltage at the manufacturer’s specified current

after the test shall not have changed by more than 10 % when compared to the value
before the test.

The body of the VDR shall comply with the needle flame according to IEC 60695-11-5, with the
following test severities:

— duration of application of the test flame: 10 s;

P2
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Annex R
(informative)
Examples of requirements for quality control programmes

NOTE This annex gives examples of requirements for quality control programmes as specified in 2.10.6.2 for minimum separation
distances for coated printed boards and in 2.10.3 and Clause G.2 for reduced CLEARANCES.

R.1 Minimum separation distances for unpopulated coated printed boards (see 2.10.6.2)

A manufacture +0-62;

2Q, shall implement a quality control programme for those features of the boards that are listed
in Table R.1. This programme shall include specific quality controls for the tools and materials
that affect conductor spacing, adequate inspection of pattern and spacing, cleanliness, coating
thickness, elecfrical tests for short-circuits, insulation resistance and electric withstangd. voltage.

The manufactufer shall also identify and plan the protection and, where applicabl€;’installation
processes whigh directly affect quality and shall ensure that these processes(are conducted
under controlledl conditions. Controlled conditions shall include the following:

— documented work instructions defining process, equipment, environment and
mannef of production where the absence of such instructions‘would adversely affect
quality,|use of suitable production and installation equipment, suitable working
environment, compliance with reference standards, specifications and quality plans;

— moniforing and control of suitable processes and<product characteristics during
produciion and installation in the equipment;

— criterfa for workmanship stipulated to the extent necessary in written specifications
or by means of representative samples;

— recorfls maintained for qualified\processes, equipment and personnel as
appropfiate.

Table R.1 provides the samplirigyplan for attributes and tests necessary to conform to the
requirements of 2.10.6.2. The(number of samples of production boards shall be based on IEC
60410 or ISO 3859-1 or equivalent national standards.

P2
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Table R.1 — Rules for sampling and inspection — coated printed boards

SUPPLEMENTARY
Tests BASIC INSULATION INSULATION REINFORCED INSULATION
Sampling Sampling Sampling
Spacing mm 2
S2 AQL 1,0 S2 AQL 1,0 S2 AQL 1,0
S li S li ; i i
Electric strength test P ampling ampling ROUTINE TEST, one failure requires
S2 AQL 2,5 S2 AQL 2,5 evaluation for cause
Sampling Sampling Sampling
Abrasion resistance
S1 AQL 2,5 S1 AQL 2,5 S1 AQL 2,5
Qnmpﬁpg Qnmpling Qampling
Thermal ageing ©
S3 AQL 4 S3 AQL 4 S3 AQL 4
Sampling Sampling Sampling
Thermal cycling °©
S1 AQL 1,5 S1 AQL 1,5 S1 AQL 1,5
Sampling Sampling Sampling
Insulation resistangce 9
S2 AQL 2,5 S2 AQL 2,5 S2 AQL2;5
Visual inspection ¢f ROUTINE TEST ROUTINE TEST ROUTINENTEST
coating ©

2 To minimize tes
measurement of i
the correct spacin
production boards
boards minus 100
measurement of t
b The electric stre|

¢ The thermal age
material, or the pr
d The insulation re
€ Visual inspectior]
show no cracks, n
defects shall be rg

and inspection time, it is permitted to replace measurement of separation\distances by

reakdown voltage. Initially the breakdown voltage is established for ten-uncoated boards for which
) measurements have been confirmed. The breakdown voltage of Subséquent uncoated

is then checked against a lower limit equal to the minimum bregkdown voltage for the ten initial
V. If breakdown occurs at this lower limit, a board is considefed & failure unless direct

he spacing conforms with the requirement.

hgth test shall be conducted according to 5.2.2 except thatthe duration shall be 1 sto 5 s.

ng and thermal cycling tests shall be done whenever the type of coating material, printed board
bcess is changed. It is recommended that it shouldi\be done at least once a year.

sistance shall be not less than 1 000 MQ.

without optical magnification or automatedioptical inspection with equivalent resolution shall
0 bubbles, no pinholes, or detachment of. the coating in the area of reduced spacings. Any such

ason for rejection of the printed board:

R.2 Reduced

A manufacturef
G.2, shall imple
Table R.2. This|
affect cLEARANCH

The manufactu
processes that

tlearances (see 2.10.3)

wishing to use reduced cLearRANcEs permitted by 2.10.3, Tables 2J, 2K, 2L and
ment a quality control programme for those features of the construction listed in
programme shall include specific quality controls for the tools and materials that
S.

rer shall-also identify and plan the protection and, where applicable, installation
Hirectly affect quality and shall ensure that these processes are conducted under

controlled cond

tions. Controlled conditions shall include the following:

— docu

mented work instructions defining process, equipment, environment, and

manner of production where the absence of such instructions would adversely affect

quality,

suitable working environment, compliance with reference standards or

specifications and quality plans;

— moni

toring and control of suitable processes and product characteristics during

production and installation in the equipment;


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

328

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

MARCH 27, 2007

— criteria for workmanship stipulated to the extent necessary in written specifications

or by means of representative samples;

— reco

rds maintained for qualified processes, equipment and personnel as

appropriate.

Table R.2 provides the sampling plan for attributes and tests necessary to conform to the
requirements of 2.10.3. The number of samples of production parts or assemblies shall be

based on IEC 60410 or ISO 2859-1 or equivalent national standards.

Table R.2 — Rules for sampling and inspection — reduced clearances

test P

Tests BASIC INSULATION | SUPPLEMENTARY INSULATION REINFORCED INSULATION
CLEARANCE 2 Sampling Sampling Sampling
S2 AQL 4 S2 AQL 4 S2 AQL 4

Electric strength No test No test ROUTINE TEST ;/onefailure

requires evaluafion-for cause

2 To minimize tes
of breakdown volt
CLEARANCE me
then checked aga|
If breakdown occU
CLEARANCE con|

b The electric stre|

and inspection time, it is permitted to replace measurement of CLEARANCES by measurement
hge. Initially the breakdown voltage is established for ten samples for which the correct
surements have been confirmed. The breakdown voltage of subsequent par{s/or assemblies is
nst a lower limit equal to the minimum breakdown voltage of the initial ten samples minus 100 V.

rs at this lower limit, a part or assembly is considered a failure unless (direct measurement of the
orms to the requirement.

hgth test for REINFORCED INSULATION shall consist of one,of the following alternatives:

— six impulses of alternating polarity, using a 1,2/50 ps«mpulse with a magnitude equal to the
peak of the test voltage in accordance with 5.2.2;

— a three-cycle pulse of a.c. power frequency withra, magnitude equal to the test voltage in
accordance with 5.2.2;

— six impulses of alternating polarity, using a10 ms d.c. impulses with a magnitude equal to
the peak of the test voltage in accordance with 5.2.2.
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Annex S
(informative)
Procedure for impulse testing
(see 6.2.2.3)

S.1 Test equipment

Impulse generator according to Annex N.

Storage oscillogcopewitthraandwidtrof-afewvHz

High voltage prpbe with compensating elements.

S.2 Test procg¢dure

Apply the required number of impulses to the equipment under test and record the waveform

patterns.

Examples are given in S.3 to assist in judging whether or not a surge suppressor has operated
or insulation hgs broken down.

S.3 Examples

of waveforms during impulse testing
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u(t)

2kV -

} —
1 000us

Consé¢cutive impulses are identical in their waveforms.

SM438A

Figure S.1 { Waveform on insulation without surge suppressors and no breakdown

r—
—~~
—
~
—

SM439B

Consecutive impulses are not identical in their waveforms. The pulse shape changes from pulse to pulse until a stable
resistance path through the insulation is established. Breakdown can be seen clearly on the shape of the pulse voltage
oscillogram.

Figure S.2 — Waveforms on insulation during breakdown without surge suppressors
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u(t)

'

t

sM440B

1 — gas discharge fype
2 — semiconductor fype
3 — metal oxide type
Consecutive impulges are identical in their waveforms.

Figure $.3 — Waveforms on insulation with surge suppressors in operation

u(t) |

/\\ /\\/A S

4

SM441B

Figure S.4 — Waveform on short-circuited surge suppressor and insulation
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Annex T
(informative)
Guidance on protection against ingress of water
(see 1.1.2)

When the intended application is such that ingress of water is possible, an appropriate degree
of protection other than IPX0 should be selected by the manufacturer from IEC 60529, an extract
from which is included in this annex.

Add |d H £ " 1 Lol il L H 1 (1 I K A £ & (1 n
|t|ona esi gy icatuico olfuuiu ich DT TTLIUuTcU 11U TTISurc tidal 1myrcos Ul walcl UUTOo TIUL

affect insulation.

IEC 60529 givd
appropriate to

s test conditions for each degree of protection other than IPX0. The conditions
the selected degree of protection should be applied to the eguipment,

immediately followed by an electric strength test as specified in 5.2.2 on any insulation that may
have become Wet, and inspection should show that water has not created a risk-of personal

injury or fire. In

particular, there should be no trace of water on insulation that\is not designed

to operate whep wet.

If the equipmen

t is provided with drain holes, inspection should show, that'any water that enters

does not accumulate and that it drains away without affecting compliance.

If the equipmer

build-up of watér.

Where equipms
an opening in &
conditions. For
simulating actu
use of a kit of g

It should not b
degree of prote

The information

t is not provided with drain holes, account should be taken of the possibility of

nt is only partly exposed to water, for example when it is to be installed through
h outside wall, only the exposed parts should be subjected to the IEC 60529 test
these tests, such equipment should\be installed in an appropriate test assembly,
h| conditions of installation accerding to the installation instructions, including the
ealing parts where required.

b possible to remove, without the aid of a TooL, parts that ensure the required
ction against ingressyof water.

in Table T.1 i§ extracted from IEC 60529.

P.1
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Table T.1 — Extract from IEC 60529

effects of continuous
immersion in water

Second Degree of protection
characteristic Brief d — Definiti
numeral rief description efinition

0 Non-protected -

1 Protected against Vertically falling water drops shall have no harmful effects
vertically falling water
drops

2 Protected against Vertically falling drops shall have no harmful effects when the
vertically falling water |enclosure is tilted at any angle up to 15° on either side of the
drops when enclosure | vertical
Tilted up 10 15

3 Protected against Water sprayed at an angle up to 60° on either side of the vertical
spraying water shall have no harmful effects

4 Protected against Water splashed against the enclosure from any direction shall have
splashing water no harmful effects

5 Protected against Water projected in jets against the enclosure from anyitection
water jets shall have no harmful effects

6 Protected against Water projected in powerful jets against the encl¢sure from any
powerful water jets direction shall have no harmful effects

7 Protected against the |[Ingress of water in quantities causing harmiful effects shall not be
effects of temporary possible when the enclosure is temporarily.immersed in water
immersion in water under standardized conditions of pressure and time

8 Protected against the |[Ingress of water in quantities causing“harmful effects shall not be

possible when the enclosure istcontinuously immersed in water
under conditions which shalhbe agreed between manufacturer and
user but that are more se\ere than for numeral 7
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Annex U
(normative)

Insulated winding wires for use without interleaved insulation

U.1 General

(see 2.10.5.4)

This annex specifies winding wires whose insulation may be used to provide BASIC INSULATION,
SUPPLEMENTARY INSULATION, DOUBLE INSULATION OF REINFORCED INSULATION in wound components without

interleaved insu

This annex apq

mm, stranded
rectangular (flaf
mm@).

NOTE See 2.10.5.12

U.2 Type testg

U.2.1 General

The winding wi
and 35 °C and

:atiuu.
lies to solid round winding wires having diameters between 0,01 mm and 5,0

vinding wires with equivalent cross-sectional areas and solid square and selid
wise bending) winding wires with cross-sectional areas of 0,000 079 mm2tc 19,6

or the minimum number of overlapping layers.

e shall pass the following tvre TESTS, carried out:at a temperature between 15 °C
a relative humidity between 45 % and 75 %, unless otherwise specified.

U.2.2 Electric jstrength

U.2.2.1 Solid found winding wires and stranded winding wires

U.2.2.1.1 Wirep with a nominal conductor:diameter up to and including 0,100 mm

The test specil
subjected to th
cylinder, with a

— 3 kV

- 1,5K

nen is prepared according to 4.3 of IEC 60851-5:2008. The specimen is then

e electric strength test of 5.2.2 between the conductor of the wire and the
minimum test valtage of:

r.m.s. or 4;2°\kV peak for REINFORCED INSULATION, Or

V r.m:sw.ar 2,1 KV peak for BASIC INSULATION OF SUPPLEMENTARY INSULATION.

P.1
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U.2.2.1.2 Wires with a nominal conductor diameter over 0,100 mm up to and including
2,500 mm

The test specimen is prepared according to 4.4.1 of IEC 60851-5:2008 (twisted pair). The
specimen is then subjected to the electric strength test of 5.2.2 with a test voltage that is not less
than twice the appropriate voltage of 5.2.2, with a minimum of:

— 6 kV r.m.s. or 8,4 kV peak for REINFORCED INSULATION, OF

— 3 kV rm.s. or 4,2 KV peak for BASIC INSULATION OF SUPPLEMENTARY INSULATION.

U.2.2.1.3 Wireg~with-anominat-conductor-diameterover-2;5060-mm

The test specimen is prepared according to 4.5 of IEC 60851-5:2008. The specimen is théen
subjected to the electric strength test of 5.2.2 between the conductor of the wire and the shot,
with a minimunj test voltage of:

— 3 kW r.m.s. or 4,2 kV peak for REINFORCED INSULATION, OF

— 1,5 RV r.m.s. or 2,1 kV peak for BASIC INSULATION OF SUPPLEMENTARY, INSULATION

U.2.2.2 Squar¢ or rectangular wires

The test specimen is prepared according to 4.7.1 of IEC\60851-5:2008 (single conductor
surrounded by mmetal shots). The specimen is then subjected’to the electric strength test of 5.2.2,
with a minimunj test voltage of:

— 3 kW r.m.s. or 4,2 kV peak for REINFORCER INSULATION, OF

— 1,56 KV r.m.s. or 2,1 kV peak for BAsiC INSULATION OF SUPPLEMENTARY INSULATION.
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U.2.3 Flexibility and adherence

Subclause 5.1 (in Test 8) of IEC 60851-3:2009 shall be used, using the mandrel diameters of
Table U.1.

The test specimen is then examined in accordance with 5.1.1.4 of IEC 60851-3:2009, followed
by the electric strength test of 5.2.2 in this standard, with minimum test voltage of:

— 3 kV rm.s. or 4,2 kV peak for REINFORCED INSULATION, OF

— 1,5 kV rm.s. or 2,1 kV peak for BASIC INSULATION OF SUPPLEMENTARY INSULATION. The test

The test voltagl; is applied between the wire and the mandrel.

Table U.1 — Mandrel diameter

Nominal cgnductor diameter or thickness Mandrel diameter
mm
less than mm

0,35 40+0,2

0,50 6,0 + 052

0,75 8,0,+'0,2

2,50 10,0 + 0,2

5,00 Four times the conductor diameter or thickness 2

2 In accordance wjith IEC 60317-43.

The tension to pe applied to the wire during winding on th€-mandrel is calculated from the wire
diameter to be fequivalent to 118 MPa + 10 % (118 N/mm? + 10 %).

Edgewise bending on the smaller dimension side<(width) is not required for rectangular wire.

For mandrel wihding test of the square and>tectangular wire, two adjacent turns do not need to
contact each other.

U.2.4 Heat shock

The test specimen shall be prepared in accordance with 3.1.1 (in Test 9) of IEC 60851-6:1996,
followed by thel electric strength test of 5.2.2 in this standard , with a minimum test voltage of:

— 3 kV|r.m.s~or4,2 kV peak for REINFORCED INSULATION, OF

— 1,56 RVArm.s. or 2,1 kV peak for BASIC INSULATION OF SUPPLEMENTARY INSULATION.

The test voltage is applied between the wire and the mandrel. The oven temperature is the
relevant temperature of the thermal class of insulation in Table U.2. The mandrel diameter and
tension applied to the wire during winding on the mandrel are as in Table U.1. The electric
strength test is conducted at room temperature after removal from the oven.
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Table U.2 — Oven temperature

Thermal | Class 105 | Class 120 | Class 130 | Class 155 | Class 180 | Class 200 | Class 220 | Class 250
class (A) (E) (B) (F) (H) (N) (R) -)

Oven 2
temperature
°C

00 215 225 250 275 295 315 345

Oven temperatures shall be maintained within +5 ° of the specified temperature.

The classes are related to the classification of electrical insulating materials and EISs in accordance with IEC
60085. The assigned letter designations are given in parentheses

Edgewise bending on the smaller dimension side (width) is not required for rectangular wire.

NOTE Subclause 3.1,

P in Test 9 of IEC 60851-6:1996 is not used for solid square and solid rectangular winding wires.

U.2.5 Retentign of electric strength after bending

Five specimend
the mandrel, pl
of metal shot. T
over. The shot
steel, nickel or
under test is ¢

suitable solvent.

The specimen
voltage of:

- 3 kV|
- 1,5 4

The mandrel d
Table U.1.

are prepared as in U.2.3 and tested as follows. Each specimen is_removed from
hced in a container and positioned so that it can be surrounded by:at least 5 mm
[he ends of the conductor in the specimen shall be sufficiently.long to avoid flash
shall be not more than 2 mm in diameter and shall consijst.of balls of stainless
hickel plated iron. The shot is gently poured into the container until the specimen
pvered by at least 5 mm of shot. The shot shall be_¢leaned periodically with a

shall be subjected to the electric strength test of 5.2.2, with a minimum test

r.m.s. or 4,2 kV peak for REINFORCED INSBLATION, O
V r.m.s. or 2,1 kV peak for BASIC-INSULATION OF SUPPLEMENTARY INSULATION.

ameter and tension appliedto the wire during winding on the mandrel are as in

U.3 Testing dyring manufacture

U.3.1 General

The wire shal
manufacture ag

be subjected by the wire manufacturer to electric strength tests during
speeified in U.3.2 and U.3.3.
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U.3.2 Routine test

The test voltage for routine TEST Shall be in accordance with the electric strength test of 5.2.2,
with a minimum of:

— 3kV r.m.s. or 4,2 kV peak for REINFORCED INSULATION, OF

— 1,56 kV rm.s. or 2,1 kV peak for BASIC INSULATION OF SUPPLEMENTARY INSULATION.
U.3.3 Sampling test

L Ll J va . 'H - e H | e e HH V- e Wal
The savPLING TEpT-Shaft-be—comnducted acCoramgto e sanaoie1est SpeThnea T U.2.2:
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Annex V
(normative)
A.C. power distribution systems
(see 1.6.1)

V.1 Introduction

In 3.1.2 of IEC 60364-1, a.c. power distribution systems are classified TN, TT and IT, depending
on the arrangement of current-carrying conductors and the method of earthing. The classes and

codes are explgimedHnthisanmex—Someexamptesofeachclassaregiverrimthe-figures;other—

configurations &
In the figures:

—inm
phase

— the (g
uninter

— for tn]
bounda

also exist.

bst cases, the power distribution systems apply for single-phase and‘three-
bquipment, but for simplicity, only single-phase equipment is illustrated;

ower sources may be transformer secondaries, motor-driven.generators or
uptible power distribution systems;

ansformers within a user’s building, some of the figures apply, and the building
ry represents a floor of the building;

— some power distribution systems are earthed at additional points, for example, at

the pov
4-41).

The following 1
mentioned do r

Single-
Single-
Two-ph
Three-|

Three-|

er entry points of users’ buildings (see 413.3.1, Notes 1 and 2 of IEC 60364-
ypes of equipment connection are ‘taken into account; the numbers of wires
ot include conductors used exelusively for earthing.

bhase, two-wire

bhase, three-wire

ase, three-wire

hase, three-wire

hase,\four-wire

The system codes used have the following meaning:

— First

letter: relationship of the power distribution system to earth;
T means direct connection of one pole to earth,

I means system isolated from earth, or one point connected to earth through
an impedance.

— Second letter: earthing of the equipment;
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T means direct electrical connection of the equipment to earth, independently
of the earthing of any point of the power distribution system,

N means direct electrical connection of the equipment to the earthed point of
the power distribution system (in a.c. systems, the earthed point of the power
distribution system is normally the neutral point or, if a neutral point is not
available, a phase conductor).

— Subsequent letters if any: arrangement of neutral and protective conductors;

S means the protective function is provided by a conductor separate from the

V.2 TN power

TN power distr
earthed being ¢
are considered

e | £ ) ) (I H /L H & 1) ! 1 AN ! &
rnecutrar U mornm e cartnicu e (U T d.U. oy olTlTio, T©AlllicU pPriast) LUTTUULLUT,

C means the neutral and protective functions are combined in a single
conductor (PEN conductor).

distribution systems

bution systems are directly earthed, the parts of the equipment_required to be
onnected by PROTECTIVE EARTHING CONDUCTORs. Three types of \I'™N power systems

— TN-S power didtribution system, in which a separate protective conductof isyused through-out the system;

— TN-C-S power

Histribution system, in which neutral and protective functions are combined in a single
conductor in part of the system;

— TN-C power digtribution system, in which neutral and protective functions are combined in a single

conductor throughout the systerm.

Some TN powgr distribution systems are supplied from a secondary winding of a transformer

that has an ez
conductor are
power distributi

rthed centre tap (neutral). Where\the two phase conductors and the neutral
available, these systems are_eommonly known as ”single-phase, three-wire
bn systems”.
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Power source

L1 L1
L2 ® L2 Distribution
cable
kla - L
s N
PE__o PE
= .
L3 | Building
& N boundary
PE
’T-Zzuipment

Power source

L1

Separate neutral and protectivecconductors

® L1
L2
L L2 Distribution
ble
L3 ca
® ® L3
I PE_, o
S & L1
— & L2 o
L3 | Building
boundary
PE
’Eiuipment
S40958 Earthed line conductor

Figure V.1 — Examples of TN-S power distribution systems
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Power source

Neutra
540968

NOTE The point at
or at distribution pane

L1 ° N L1
L2
* * L2 Distrbution
L3 ° ¢ L3 cable
PEN o N
| e
kf’ hz’ Building
PE PE boundary
Equipment Equipment
—— Building or Building or
installation 1 installation 2

and protective functions combined in a single conductor in part of the system (PEN)

hich the PEN conductor is separated into protective earth and neutral condugtors.may be at the building entrance

s within the building.

Figure V.2 — Example of TN-C-S power distribution system

Pdwer source
- . L1
L2
- * L2 Distribution
;EN 13 cable
» PEN
—t —’—::;
L3 | Building
I $ N | boundary
_: PE
Equipment

Neutral and protective functions combined in one

S40978

conductor (PEN)

Figure V.3 — Example of TN-C power distribution system
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Power source

S40988

Figure V.4

V.3 TT power

TT power disti
required to be
electrically inde

L1
L L1
PEN Distribution
* PEN cable
L2
» L2
L . 4 L L1
4 L N
I f T L2 Building
| | PE | boundary
120V 240V 120/240V
Equipment | | Equipment Equipment

Protective and neutral functions combined in one conductor (PEN)
This system is widely used in North America at 120/240 V.

distribution systems

— Example of single-phase, three-wire TN-C:power distribution system

bution systems have one point ditéctly earthed, the parts of the equipment
earthed being connected at thg, user's premises to earth electrodes that are
pendent of the earth electrodes of the power distribution system.
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Power source

S4099B

Figure V

L1 1 L1
L2
* L2 pistribution
L3 ° L3 cable
N . N
—&— L1
L2
L3 | Building
L ¢ N | boundary
_: PE
Equipment

Earthed neutral and independent earthing of equipment

.5 — Example of three line and neutral TT power distribution system

Power source

L1
® L1
L2
® L2 Distribution
cable
® LS T L3
1 PR
L 4 L2 .
L3 | Building
boundary
_: PE
[ PPN §
I_\‘iulvlllbllk

S41028

Earthed line and independent earthing of equipment

Figure V.6 — Example of three line TT power distribution system
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V.4 IT power distribution systems

IT power distribution systems are isolated from earth, except that one point may be connected
to earth through an impedance or a voltage limiter. The parts of the equipment required to be

earthed are connected to earth electrodes at the user’s premises.

This system is widg
and in Norway, wit

Figure V|

Power source
L1 * L1
L2
* Distibuton
cable
L3 * L3
N ® N
—e— L1
L2
L3 Building
? N boundary
PE

$4101D

Equipment

The neutral may be connected to earth through an impedance or voltage limiter, orisolated from earth

ly used isolated from earth, in some installatiofis in France, with impedance to earth, at 230/400 V,
voltage limiter, neutral not distributed, at 230 V line-to-line.

7 — Example of three line (and neutral) IT power distribution system



https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

MARCH 27, 2007

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

345

Power source

1
L ® L1
L2
® L2 Distribution
cable
LS ® L3
———— L1
1.2
—F PN L3 | Building
boundary
_: PE
Equipment

S41¢0B

The system may be isolated from earth

Figure V.8 — Example of three line IT power distribution system
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This annex exp

W.1 Touch cu

Annex W
(informative)
Summation of touch currents
lains the background to the requirements and tests in 5.1.8.2.

rrent from electronic circuits

There are two quite different mechanisms that determine the current through a human body that
touches an electronic circuit (or power bus), depending on whether or not the circuit is earthed.

This distinction

between earthed and unearthed (floating) circuits is not the same as between

CLASS | EQUIPMEN
circuits in cLAS
telecommunica
exclusively.

In order to cor
NETWORKS are flg
are earthed. It
accessible. An
referenced to €|

W.1.1 Floating

If the circuit is
or added capaq

al IuI CLASS 1T EQUIFMENT. Fiuatillg b;lbuitb vall U}\;Dt ill CLASS T EQUIFMENT Al I\.lI Ua.lAli |cu'
s 11 EqQuiPMENT. Floating circuits are commonly, but not exclusively, used in
ions equipment and earthed circuits in data processing equipment, also.‘not

sider the worst case, it will be assumed in this annex that TELECOMMUNICATION
ating and that the A.c. maiNs suppLY and human bodies (SERVICE PERSONS OF USERS)
should be noted that a service PERsoN can touch some parts thab are not user-
“earthed” circuit means that the circuit is either directly earthed or in some way
arth so that its potential with respect to earth is fixed.

circuits

hot earthed, the current (/) through the human:body is “leakage” through stray
itance (C) across the insulation in the mains transformer (see Figure W.1).
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AC MaNS SUPPLY

Electronic
circuit

sMi3sic

This current is

largely unaffected by the operating voltage on the ele¢tronic circuit. In this standard, the body

current (/) is |
roughly simulat

W.1.2 Earthed

If the electronic
voltage (V) of

Figure W.2). Ar
earth and will n

Transformer

Figure W.1 — Touch current from a floating circuit

coming from a relatively high voltage, high'impedance source, and its value is

mited by applying a test using the<measuring instrument in Annex D, which
s a human body.

circuits

circuit is earthed, the current through the human body (/) is due to the operating
he circuit, which is:a" source of low impedance compared with the body (see
y leakage current-from the mains transformer (see W.1.1), will be conducted to
ot pass through-the body.
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AC MaINs suPPLY

Electronic
| circuit v i

N Transformer

sM13828

Figure W.2 — Touch current from an earthed circuit

In this standard, the body current (/) is limited by speeifying maximum voltage values for the
accessible circyit, which shall be an seLv circuiT or (with restricted accessibility) a T™nv circuiT.

W.2 Interconnection of several equipments

It is a charactgristic of information technglogy equipment, in particular in telecommunication
applications, that many equipments may be connected to a single central equipment in a “star”
topology. An example is telephone extensions or data terminals connected to a PABX, which
may have tens| or hundreds of poris. This example is used in the following description (see
Figure W.3).
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AC MAINS SUPPLY ] . PABX

, Extension
Terminals ports

/1 ¢
To public
TELECOMMUNICATION

AC MAINS SUPPLY —] . NETWORK (floating)
/2 Interconnection Common | ——
circuits return point [
- »
Exchange
e port

AC MAINS SUPPL

SM1383D

Each terminal
circuit (I4, b, et
are connected
represents a pq

Various ways o

W.2.1 Isolatio

In L

Figure W.3 — Summation of touch currents.in a PABX

equipment can deliver current to a human body touching the interconnecting
C.), added to any current coming from.the PABX port circuitry. If several circuits
to a common point, their individual&oucH currents will add together, and this
ssible risk to an earthed human-body that touches the interconnection circuit.

f avoiding this risk are considered in the following subclauses.

N

Isolate all intefconnection cireuits’ from each other and from earth, and limit /4, b, etc., as

described in W
port, or the pro
not be cost effg

1.1. This implies~either the use in the PABX of a separate power supply for each
ision of an individual line (signal) transformer for each port. Such solutions may
ctive.
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W.2.2 Common return, isolated from earth

Connect all interconnection circuits to a common return point that is isolated from earth. (Such
connections to a common point may in any case be necessary for functional reasons.) In this
case the total current from all interconnection circuits will pass through an earthed human body
that touches either wire of any interconnection circuit. This current can only be limited by
controlling the values /Iy, b,... I, in relation to the number of ports on the PABX. However, the
value of the total current will probably be less than I; + I, +... + I, due to harmonic and other
effects.

W.2.3 Common return, connected to protective earth

Connect all intefconnection circuits to a common return point and connect that point to protective
earth. The situgtion described in W.1.2 applies regardless of the number of ports. Since safety
depends on th¢ presence of the earth connection, it may be necessary to use high-integfity
earthing arrangements, depending on the maximum value of the total current that could-flow.
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Clause C.1 req

Annex X
(informative)
Maximum heating effect in transformer tests
(see Clause C.1)

uires transformers to be loaded in such a way as to give the maximum heating

effect. In this annex examples are given of various methods of producing this condition. Other
methods are possible and compliance with Clause C.1 is not restricted to these examples.

X.1 Determinatiomof-maximum-input-current

The value of th
The value may

A load is applig
while measurin
maximum valug
is I, see step
steps D to J o
either:

a) the 1
compo
condud

b) a co
is note
type of

If any componeé
voltage, I, is th

In conducting t
the required va
the primary vol

e input current at rated load is established. This is I, see step A of Table X.1.
be established by test or from manufacturer’s data.

bd to the output winding or to the output of the switch mode powersupply unit
O the input current. The load is adjusted as quickly as possibleto-provide the
of input current that can be sustained for approximately 10 s of.operation. This
B of Table X.1. The test is then repeated according to step_C and, if necessary,
Table X.1. The input current at each step is then note@_and maintained until

emperature of the transformer stabilizes without the operation of any
pent or protective device (inherent protection) in\which case no further testing is
fed; or

Imponent or protective device operates,\in-which case the winding temperature
)l immediately and the test of ClauseX:2 is then conducted depending on the
protection.

nt or protective device operates within 10 s after the application of the primary
e value recorded just before’the component or protective device operates.

he tests described invsteps C to J of Table X.1, the variable load is adjusted to
ue as quickly as possible and readjusted, if necessary, 1 min after application of
age. The sequence of steps C to J may be reversed.
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Table X.1 — Test steps

Steps Input current of the transformer or switch mode power supply unit

A Input current at rated load = /,

B Maximum value of input current after 10 s of operation = /,,

C I+ 0,75 (I, — 1)

D I+ 0,50 (I,,— 1))

E I+ 0,25 (I, — 1))

F I+ 0,20 (I, — 1))

G I+ 0,15 (I, — 1)

H I+ 0,10 (I, — 1)

J I+ 0,05 (I, — 1)

X.2 Overload test procedure

If the test of Clause X.1 results in condition X.1 b), the following applies depending on‘type of

protection.

Electronic protectipn:

Thermal protection:

Overcurrent protegtion:

The current is either reduced in steps of'5 % from the
current of condition X.1 b) or increaséed in steps of 5 %
from the rated load to find the ‘maximum overload at
which the temperature stabilizes without the operation of
any electronic protectiop.

An overload is applied-such that the operating
temperature remaigs a few degrees below the rated
opening temperature of the thermal protection.

An overload is applied such that a current flows in
accordance with the current versus time trip curves of
the ‘evercurrent protective device.
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Annex Y
(normative)
Ultraviolet light conditioning test
(see 4.3.13.3)

Y.1 Test apparatus

Samples are exposed to ultraviolet light by using one of the following apparatus:

— a twipenctosedcarbor=arc{see -3} with—contimoous—exposture—fora-minmamof—

720 h.
°Cina

— a xer
appara
irradiari
relative

Y.2 Mounting

The test apparatus shall operate with a black-panel temperature of 63 °C + 3
relative humidity of (50 + 5) %, or

on-arc, (see Y.4) with continuous exposure for a minimum of 1 000 h~The test
us shall operate with a 6 500 W, water-cooled xenon-arc lamp, a spectral

ce of 0,35 W/m? at 340 nm, a black-panel temperature of 63 °C £3°C in a
humidity of (50 £ 5) %.

of test samples

The samples afe mounted vertically on the inside of the cylinder of the'light exposure apparatus,

with the widest
touch each oth

Y.3 Carbon-ar

The apparatus
procedures givi

portion of the samples facing the arcs. They aré mounted so that they do not
b,

c light-exposure apparatus

described in ISO 4892-4, or equivalent, is used in accordance with the
bn in 1ISO 4892-1 and 1SO 4892-4-using a type 1 filter, without water spray.

Materials tested with water spray are also ¢onsidered acceptable.

Y.4 Xenon-ard

The apparatus
procedures givi

light-exposure apparatus

described in 18Q~4892-2, or equivalent, is used in accordance with the
bn in 1SO 4892-1)and 1SO 4892-2 using method A, without water spray.

Materials testedl with water-spray are also considered acceptable.

NOTE The wording
confused with water d

"without water spray” indicates that the samples are not sprayed with water during the test. This should not be

pboling which is necessary for operation of the apparatus.
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Annex Z
(informative)
Overvoltage categories
(see 2.10.3.2 and Clause G.2)

The largest peak value of transient overvoltage likely to be experienced at the power input

interface of equ

ipment connected to a mAINS suPPLY iS known as the MAINS TRANSIENT VOLTAGE. In this

standard, minimum cLeaRaNcEs for insulation in PRIMARY ciRcuiTs are based on the MAINS TRANSIENT

VOLTAGE.

According to IE|
on the Ac mAINS

The Overvoltag
connected to th

The Overvoltag
building power
Where transien
the equipment

The term Oven

C 60664-1, the value of the MAINS TRANSIENT VOLTAGE Of an Ac MAINs suppLY depends
suppLY voltage and the Overvoltage Category, | to IV, see also Table G.1.

e Category therefore has to be identified for each equipment intended to be
€ AC MAINS SUPPLY.

e Category depends on the manner of connection of the equipment to the
supply arrangements. It is normally considered to be as shown in Table Z.1.
t limiting measures are provided, such as external filterstin‘the ac maiNs suPpLY,
can be used in a higher Overvoltage Category.

oltage Category is not used in connection with b6 MAINS SUPPLIES.

Table Z.1 — Overvoltage categories

Overvoltage
Category

Equipment and its point of connection.to
the AC MAINS SUPPLY

Examples of equipment

1\

Equipment that will be connected tothe
point where the AC MAINS SURPLY enters
the building

Electricity meters

Communications information technology
equipment for remote electricity metering

Equipment that will be an“integral part of the
building wiring

Socket-outlets, fuse panels and switch
panels

Power monitoring equipment

PLUGGABLE or-PERMANENTLY
CONNECTED EQUIPMENT that will be
supplied from-the building wiring

Household appliances, portable tools, home
electronics

Most information technology equipment used

in the building

Equipment that will be connected to a
special AC MAINS SUPPLY in which
measures have been taken to reduce
transients

Information technology equipment supplied
via an external filter or a motor driven
generator
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Annex AA
(normative)
Mandrel test
(see 2.10.5.8)

NOTE This test is based on IEC 61558-1 and will give the same results.

Three test samples, each individual sample consisting of three or more layers of non-separable
thin sheet material forming REINFORCED INSULATION, are used. One sample at a time is fixed to the
mandrel of the test-fixture(Figure AA-Has—showminigare AAZ:

Dimensions in millimeters

A
50 £05 | ~— T
Each side
Side view
Material: corrosion-resistant metal
R0,5 + 0,02
2 £ 01
60" + 5
549338 Detail A — Tip

Figure AA.1 — Mandrel
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Fixing system

o)

Insulating material

S4934

Figure AA.2 — Initial position of mandrel

Metal foil

150 N £ 10 N

The final position of the mandrel is rotated
230" £ 5" from the initial position
49358

Figure AA.3 — Final position of mandrel
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A downward force of 150 N + 10 N is applied to the free end of the sample (see Figure AA.3),
using an appropriate clamping device. The mandrel is rotated

— from the initial position (Figure AA.2) to the final position (Figure AA.3) and back;
— as above for a second time;
— from the initial position to the final position.

If a sample breaks during rotation where it is fixed to the mandrel or to the clamping device, this
does not constitute a failure. If a sample breaks at any other place, the test has failed.

After the abovq test, a sheet of metal foil, 0,035 mm + 0,005 mm thick, at least 200 mm long,
is placed along the surface of the sample, hanging down on each side of the mandrel (see
Figure AA.3). The surface of the foil in contact with the sample shall be conductive, not oxidized
or otherwise ingulated. The foil is positioned so that its edges are not less than 18 mm-from the
edges of the sgmple (see Figure AA.4). The foil is then tightened by two equal weighis, one at
each end, using appropriate clamping devices.

Dimensions’ in millimeters

— Insulating material

Metal {oil

S4936A

Figure AA.4 — Position of metal foil on insulating material

While the mandrel is in its final position, and within the 60 s following the final positioning, an
electric strength test is applied between the mandrel and the metal foil in accordance with 5.2.2.
The test voltage is 150 % of Uig, but not less than 5 kV. U, is the test voltage specified in
5.2.2 for REINFORCED INSULATION.
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The entire test procedure is repeated on the other two samples.
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Annex BB
(informative)

Changes in the second edition

BB.1 Numbering changes table

The following subclause, annex, figure and table numbers have changed since the first edition

of IEC 60950-1.

First Edition | Action This edition First Edition | Action This edition
1.2.2.3 deleted new 71
new 1223 711072 renumbered 721t07.3
7.3.1t0 7.3.3 | renumbered 7.4.1 toN2.4.3
1224 deleted new B.6.0t0 4
1225 deleted new By7.4
new 1.2.5.3 B.7.1 to B.7.3 | renumbered B.7.2t0 B.7.4
1.253t05 rénumbered 1254106
new 1.2.8.3 new G.1.1
1.2.8.3t0 13 rgnumbered 1.2.8.4 10 14 G.1 renumbered G.1.2
new 1.2.9.7 fdew G.2.3
1.2.9.7 to 10 rénumbered 1.2.9.8 to 11 new G.24
new 1.2.10.4 G.4 a) renumbered G.41
new 1.2.18.15 G.4 b) renumbered G.4.2
new 1.2.13.16 G.40) renumbered G.4.3
new 1.2.13.17 @4 d) renumbered G.4.4
1.5.6, 1.5.7.2 | rgplaced 1.5.6 new Annex Q
1.5.7 réplaced 15.7 Annex Q renamed Bibliography
new 1.5.9 new Annex Z
new 1721103 new Annex AA
new Annex BB
new Figure 2D
1.7.10 rénumbered 1.7.2.4 new Figure 2E.1
and Figure
2E.2
1.7.11 réenumbered 1.7.10 Figure 2D to renumbered Figure 2F to
Figure 2H Figure 2K
Figure F.12 split and Figures 2D
renumbered and F.12
1.7.12 deleted new Figure F.14 to
F.18
1.7.13to 15 rénumbered 17111013 new. Eigure AA 1 {0
AA4
1.7.16 renumbered 1.7.25 new Table 1B
1.7.17 renumbered 1.714
new 1.7.2.6 new Table 1C
new 2.1.1.8 new Table 1D
new 2.1.1.9 new Table 2E
Table 2E to renumbered Table 2F to
Table 2G Table 2H
new Table 2J

Table Continued on Next Page
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Table Continued

First Edition | Action This edition First Edition | Action This edition
2.2.3.1 deleted Table 2H to renumbered Table 2K to
Table 2L Table 2N

2.2.3.2 deleted new Table 2P
2.2.3.3 deleted Table 2M renumbered Table 2R

new 2321t04 Table 2N renumbered Table 2Q
2.6.1c¢) combined with Table 4B part | renumbered Table 4B

2.6.1b) 1
2.6.1d)tog) |renumbered 2.6.1c)tof) Table 4B part | renumbered Table 4C

2

new 294 Table 4C renumbered Table 4D
2.10 replaced 2.10 Table 4D renumbered Table 4E

new 3.5.4

new 451 new Table 5C
451 renumbered 45.2 new Table-5D
452 rénumbered 455 new Jable Z.1

new 453

new 454

new 4641103

new 5121103

new 5171102

new 5.3.6
5.3.6 t0 5.3.8.2 | renumbered 5.3.7105.3.9.2

BB.2 Changes to this edition

The principal ¢
follows. Minor ¢

Audio amplifier:
Ball pressure tg
Batteries, requi
Bibliography m
CABLE DISTRIBUTIO

Cathode ray tu

rements enhanced.(4.3.8).

pbved to a new. section after the Annexes
N SYSTENSS,) Voltage tests clarified (7.4.2, 7.4.3).

besy, requirements aligned with IEC 60065 (4.2.8).

st, test procedure corrected, different at high ambients (4.5.5).

panges in this edition as compared with the first edition of IEC 60950-1 are as
hanges are not listed.

5, requirements added for consistency with IEC 60065 (2.1.1.9, 4.5.1).

Connectors, lower minimum cLEARANCES and CREEPAGE DISTANCES (2.10.3.1, 2.10.4.3, G.6).

Data ports for additional equipment, requirements added to limit power output (3.5.4)

Definitions added:

— CcHEesecLOTH (1.2.13.15);

— EQUIPMENT, PLUGGABLE (1.2.5.3);
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— INSULATION, soLib (1.2.10.4);

— RATING, PROTECTIVE CURRENT (1.2.13.17);
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— SUPPLY, MAINS (1.2.8.3);

— TIME, RATED RESTING (1.2.2.3);

— TISSUE, WRAPPING (1.2.13.16);

— VOLTAGE, RMS WORKING (1.2.9.7).

DC MAINS SUPPLIES, more detailed requirements regarding:

— CLEARANCES [2.

10.3.2 b) and ¢), 2.10.3.7, 2.10.3.9, G.2.2, G.2.3, G.4.1 ¢), G.5 a)];

— shock hazard
Distance throug
— optocouplers,
— non-separabl
”Hiccup” mode
Insulation havir

Insulation in ng
AA).

Insulation in W
including:

— winding wire

— solvent-baseq

(2.1.1.7,2.1.1.8).

h insulation, requirements clarified (2.10.5) in particular:

aligned with IEC 60747 (2.10.5.4, Figure F.17);

b thin sheet material (2.10.5.8).

of power supplies (2.2.3).

g starting pulses, requirements added (2.10.1.7, 2.10,2.1, 2.10.3.5).

n-separable thin sheets, aligned with IEC 61558-1 (2.10.5.8, 2.10.5.9, Annex

ound components, requirements clarified (2.10.5.11, 2.10.5.14, Annex U)

2.10.5.12);

enamel on winding wire(2:10.5.1, 2.10.5.13).

Language for marking, requirement‘for’local language removed (1.7.2.1 Note 3).

Limited power §
Mechanical stre

Motor test, alte

ources, tests clarified (2.5).
ngth, tests-clarified (4.2.5, 4.2.6).

native.procedure added (B.6.3).

Non-continuous operation, requirements clarified (1.2.2, 1.7.3, 4.5.2, 5.3.8).

Overcurrent protective devices to be specified if required externally (1.7.2.3).

Overvoltage categories Il and IV, requirements added or clarified (2.10.3.1, 5.2.2, G.1.1, Annex

2).

Pollution degrees 2 and 3, cLearances modified to align with IEC 60664-1 (Table G.2).

PROTECTIVE BONDING CONDUCTORS, requirements and test procedure modified (2.6.3.3, 2.6.3.4).
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Resistors, bridging insulation (1.5.7).

Ringing signals
Scope clarified,

— partial compli

, test procedure for “Part 68” corrected and clarified (M.3).
this standard can be used for:

ance of component subassemblies (1.1.1);

— electronic parts of certain other equipment (1.1.1 Note 2).

SELV cIrcuIT and

TNV CIRCUIT requirements for separation aligned (2.3.2, 2.3.3, 2.9.4).

Single pole isol
Starting pulses
Surge suppress
— VDRs in pRIM
— more detalil tq

Thermal classe]
5D, B.1,B.2, C

TRANSPORTABLE E
TOUCH CURRENT:

— test procedur
— requirements
Wall-mounted ¢

X and Y capaci

ators, rules clarified (3.4.6).

requirements added (2.10.1.7, 2.10.2.1, 2.10.3.5).
ors:

RY CIRCUITS, requirements clarified (1.5.9);

determine minimum rated operating voltage (6.1.2.1).

5 of insulation, classes 200, 220 and 250 added indine with IEC 60085 (Tables
1, U.2).

DUIPMENT, requirements for openings in ENcLOSURES (4.6.4).

b clarified for equipment with multiple supply connections (5.1.2, 5.1.7.2);
extended for PLUGGABLE EQUIPMENT TYPE A (5.1.7.1).
quipment, test procedure‘modified (4.2.10).

tors bridging insufation, applications clarified, aligned with IEC 60384-14 (1.5.6).
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Annex CC P2
(normative)

Evaluation of integrated circuit (IC) current limiters

CC.1 Integrated circuit (IC) current limiters

IC current limiters (used for current limiting the output of a power source in accordance with the
requirements of a limited power source, see 2.5) are not shorted from input to output if they

comply with all

— CLEAH
input a
in SeELvV

— the |
be mor
accoun

— thel
operati

— the |

of the following:

ANCES and CREEPAGE DISTANCES for REINFORCED INSULATION are provided between the
nd output pins for the applicable working voLTage, except for IC current limiters
CIRCUITS;

C current limiters limit the current to the manufacturer’s specified value(not to
b than 5 A) under normal operating conditions with any specified dfift taken into
S

C current limiters are entirely electronic and have no means for manual
bn or reset;

C current limiters shall limit the current to 5 A, taking‘into account the

manufgcturer’s specified drift, as applicable, (an open gircuit is considered an
acceptable result) after each of the conditioning tests\given in either of the test
programs specified in CC.2, CC.3 or CC.4. The €<urrent limiter need only meet one

of the t

psSt programs.

NOTE The power sdurce for the tests should be capable of delivering<260 VA minimum unless the IC current limiter is tested in the end

product.

CC.2 Test program 1

Test program 1| consists of the following:

- 100

DO cycles of tukning enable on and off with a 100 Q + 5 Q resistor and a 425

uF £ 10 pF capacitoryin parallel with the output;

- 100

DO cycles/of turning enable on and off with a ferrite-core inductor having 0,35

mH = {,1 mH-inductance at 1 kHz and a d.c. resistance not exceeding 1 Q connected
in the quitput circuit;

— 10 000 cycles of turning enable on and off with the input connected to a capacitor
rated 425 uF = 1 uF and shorting the output;

— 10 000 cycles of turning the input pin on and off with a capacitor rated 425 uF + 10
uF connected to the input supply while keeping enable active and shorting the output;

— 10 000 cycles of turning the input pin on and off with a ferrite-core inductor having
0,35 mH £ 0,1 mH inductance at 1 kHz and a d.c. resistance not exceeding 1 Q
connected to the input supply and return while keeping enable active and shorting the

output;
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— 50 cycles with the enable pin held active with the output open-circuited, each cycle
consisting of shorting the output and then opening the output;

— 50 cycles with the enable pin held active while applying a short to the output, each
cycle consisting of turning the power on and off;

— 50 cycles with the enable pin held active while power is applied, each cycle
consisting of shorting the output, removing power, reapplying power, removing the
short, followed by removal of power.

CC.3 Test program 2

Test program 4

— 50 c
consist

— 50 c
cycle ¢

— 50 ¢
each c)

— 50 c]
consist
short, f

— 3y
by at le

consists of the following:

cles with the enable pin held active with the output open-circuited; each,cycle
ng of shorting the output and then opening the output;

cles with the enable pin held active while applying a short to thefollput; each
bnsisting of turning the power on and off;

cles with the enable pin held active with the output loaded to maximum power,
cle consisting of turning the power on and off;

cles with the enable pin held active while power4s applied, each cycle
ng of shorting the output, removing power, reapplying power, removing the
bllowed by removal of power;

bles of exposing the device (not energized) to 70 °C + 2 °C for 24 h; followed
ast 1 h at room ambient; followed byyat least 3 h at -30 °C + 2 °C; followed by

3 h at foom ambient;

— 10 ¢
followe
the oth

— 7da
CHEESEQ
output

cles of exposing the devicex(while energized) to 50 °C + 2 °C for 10 min;
0 by 10 min at 0 °C + 2 2&~\with a 5 min period of transition from one state to
br;

s with the output short-circuited and the device wrapped in a double layer of
| oTH. A fast blow)5 A fuse (complying with IEC 60127-1) kept in series with the
shall not open:
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CC.4 Test program 3

Test program 3 consists of the following:

— H.17.1.4.2 of IEC 60730-1:1999;

— 10 000 cycles of turning enable on and off with a 100 Q resistor and 425 uF
capacitor in parallel with the output;

— 10 000 cycles of turning enable on and off with a ferrite-core inductor having 0,35
mH £ 0,1 mH inductance at 1 kHz and a d.c. resistance not exceeding 1 Q connected

in the g

- 100
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5 ] e
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DO cycles of turning enable on and off while input connected to a capacitor
25 LF and shorting the output;

DO cycles of turning input pin on and off while a capacitor rated 425 juf;-to the
ipply keeping enable active and shorting the output;

DO cycles of turning input pin on and off with a ferrite-core inductor having 0,35
Lictance at 1 kHz and a d.c. resistance not exceeding 1 («connected to the
ipply keeping enable active and shorting the output;

cles with enable pin held active and applying shért to output with power on
cles with enable pin held active and outptitloaded to maximum power with
bn and off;

cles with enable pin held active and applying power, apply short to output;
power, apply power, remove short, remove power;

bles of exposing the device\(not energised) to 70 °C for 24 h; followed by at
h at room ambient; followed by at least 3 h at — 30 °C; followed by 3 h at room
t;

cles of exposing the device (while energised) to 49 °C for 10 min; followed by
at 0 °C with-a-5 min period of transition from one state to the other.
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CC.5 Compliance

After each of the tests in CC.2, CC.3 and CC.4, the device shall limit the current in accordance
with its specification as applicable or the device shall become open circuit. An open-circuited
device is replaced with a new sample and tests continued as applicable.
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Annex DD
(normative)

Requirements for the mounting means of rack-mounted equipment

DD.1 General

These requirements apply to the mounting means of equipment having a mass exceeding 7 kg
installed in a rack that can be extended away from the rack for installation, service and the like.
This requirement does not apply to equipment fixed in place and provided with equipment

subassemblieswm—mmﬂmﬁ—mhe@ﬁm—ﬂm—
supporting surface.

For the purposg of these requirements, the mechanical mounting means for such equipmentiwill
be referred to gs slide rails. These requirements are intended to reduce the likelihoogd.of injury
by retaining thelequipment in a safe position and not allowing the slide rails to bucklejthie means

of attachment t

NOTE 1 Slide rails i

b break, or the equipment to slide past the end of the slide rails.

nclude bearing slides, friction slides or other equivalent mounting means.

NOTE 2 Slide rail cgnstructions of integrated parts/units of the end product (for example, pullout papertrays in copiers/printers) are not

considered to be rackfmounted equipment.

Slide rails shal

mounting mears.

DD.2 Mechani

have end stops that prevent the equipment frotm unintentionally sliding off the

lcal strength test, variable N

The slide rails sghall be installed in a rack with the €quipment, or equivalent setup, in accordance

with the manu
addition to the

acturer’s instructions. With the‘equipment in its extended position, a force in
veight of the equipment is to>be applied downwards through the centre of gravity

for 1 min by méans of a suitable test apparatus providing contact over a circular plane surface
of 30 mm in digmeter. If applying this foree could damage the equipment, a metal plate or other

means to distril

pute the force may_be, placed under the test apparatus. The total force shall be

calculated basead on the mass of the equipment plus an additional mass as determined below.

NOTE This additiortl force is intend \fo take into account other items or devices that may be stacked on top of the installed

rack-mounted equipm

For slide-rail m
the equipment,

nt while in.the’&xtended position during installation of other equipment.

bunted.equipment, where the slide rails are mounted horizontally on each side of
the total force applied to the slide rails shall be equal to the greater of the

following two values:

- 150

- 150

% of the equipment mass plus 330 N,

% of the equipment mass, plus an additional mass, where the additional mass

is equal to the equipment mass or 530 N, whichever is less.

For slide rail mounted equipment where the slide rails are mounted vertically on the top and
bottom of the equipment in the rack, the total force applied to the slide rails shall be 150 % of
the equipment mass, with a minimum force of 250 N and a maximum force of 530 N.


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

364B

CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

DECEMBER 19, 2011

If the supporting surface is intended to be a shelf, then the distribution of force over a metal plate
under the test apparatus does not apply. The manufacturer shall specify the maximum load
intended to be placed on the shelf in order to determine the force that needs to be applied to the
shelf. A marking shall be provided on the shelf to indicate the maximum weight that can be
added to the shelf. The force test shall be conducted at 125 % of the maximum weight stated
by the manufacturer. The force is to be applied directly by means of the test apparatus providing
contact over a circular plane surface of 30 mm in diameter.

DD.3 Mechanical strength test, 250 N, including end stops

The slide rail mounted equipment is installed in a rack in accordance with the manufacturer’s

instructions. A
direction excep

250 an’ bl‘a‘l‘l‘b fuu,c' I'D appl'l'c'd tU t;lG al’fu'c' la;l’ llIUulll‘c‘u' (:'L.[UI.}JIH(:'H(‘, I.II c'vc'ly
t upward to include the most unfavourable position of the slide rail mounted

equipment, for g period of 1 min. The force is applied to the slide rail mounted equipment in. its
fully extended (service) position as well as its normally recessed (operating) position by meadns
of a suitable fest instrument providing contact over a circular plane surface of 3Q-mm in
diameter. The fprce is applied with the complete flat surface of the test instrument in.gontact with
the equipment. [The test instrument need not be in full contact with uneven surfaces.{for example
corrugated or durved surfaces).

NOTE Additional red

uirements for a dynamic force test on the end stops are under consideration.

DD.4 Compliahce

Compliance is
then the tests a

The equipment
cycle of travel
test. If the mou
of 100 N shall
to completely r
mounting meari
shall retain the
end of the slidg

thecked by inspection and available manufacturer’s data. If data is not available,
ccording to DD.2 and DD.3 are conducted.

and its associated slide rails shall remain‘secure during the tests. One complete
bf the equipment on the slide rails.shall be performed after completion of each
nting means is not able to perform\one complete cycle without binding, a force
be applied horizontally to the frént centre point of the equipment with the intent
piract the equipment into thélrack. Should the equipment fail to fully retract, the
s shall not bend or buckle-to-any extent that could introduce an injury. End stops
equipment in a safe position and shall not allow the equipment to slide past the
rails.
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Annex EE
(normative)
Household and home/office document/media shredders

EE.1 General

HOUSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDERs shall additionally comply with the
requirements of this annex.

EE.2 Markinggand-instructions

For HOUSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDERS, markings or symbols alerting the useR 1o
the following cdnsiderations shall be provided adjacent to the document/media feed opening:

this ¢quipment is not intended for use by children (the product is not a toy);

avoid touching the document/media feed opening with the hands;

avoid clothing touching the document/media feed opening;

avoid hair touching the document/media feed opening; and

keep| aerosol products away [for equipment incorporating a universal (brush) motor
only].

Additionally, the symbol A (ISO 7000-0434) and the symbol & (ISO 7000-1641) (or a
combination of the two) shall be marked adjacent tosthe document/media feed opening to alert
the usker to the presence of important operating, maintenance and/or servicing instructions in the
USER instructiong accompanying the product, an@.the symbols required above shall be explained
in the instructiops.

The markings ghall be permanent and easily discernible on the equipment when ready for use.
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EE.3 Inadvertent reactivation

With the HoUSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDER held in any position, including being
removed from any waste container, it shall not be possible to defeat any saFeTy INTERLOCK OF
switch that provides protection against the activation of the shredder mechanism by means of

the testfinger-of-Figure2A articulated accessibility probe of Figure EE.3.

NOTE In Canada, Japan and the United States, a different test finger is used for determining compliance with EE.3 and EE.5.

Compliance is

checked by inspection and, where necessary, by a test with the testfinger-of

Figure2A articulated accessibility probe of Figure EE.3.

D2

D2
D2

EE.4 DisconnLction of power to hazardous moving parts

An isolating sw
moving parts.

(multi-function)
accessible to a

The "ON” and
1.7.8.

For a multi-pos
1.7.8, and the g
used, they shal

Compliance is
EE.5 Protectid

For HouseHoLD
shall be preven
prevent access

Compliance is

The test-finger
each opening

contact hazarg
ENCLOSURE wher
in accordance
equipment may

itch complying with 3.4.2 shall be provided to disconnect power to hazardeus
[his switch may be a two-position (single-purpose) switch or a multi-position
switch (for example, a slide switch). This switch shall be located where-itis easily
user Whose body part or cloths may be caught at the feed opening:

"OFF” positions of a two-position switch shall be marked ‘igvaccordance with

tion switch, the “OFF” position of the switch shall be'marked in accordance with
ther positions shall be marked with appropriate words or symbols. If symbols are
be explained in the user instructions.

checked by inspection.
n against hazardous moving parts

AND HOME/OFFICE DOCUMENT/MEDIA sSHREDDERS contact with hazardous moving parts
ted. A warning statement shall not be used in lieu of construction features that
to hazardous moving parts.

Checked by the following.

of-Figure-2A atticulated accessibility probe of Figure EE.3 shall be inserted into
N the MECHANICAL ENcLOSURE, without appreciable force. The test finger shall not

ous moving parts. This consideration applies to all sides of the MECHANICAL
the HOWSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDERS IS mounted as intended
with the manufacturer’s instructions for use. In some cases, operation of the
benecessary to determine accessibility (for example, where a guard or cover is

D2

only opened aft
wedge probe.

er the unit is energized and ready for use) when applying both the test finger and

The wedge probe, illustrated in Figure EE.1 and Figure EE.2, shall be inserted into each feed
opening in the mecHANICAL ENcLOSURE. A force not exceeding 45 N for strip-cut type HOUSEHOLD AND
HOME/OFFICE DOCUMENT/MEDIA SHREDDERS and not exceeding 90 N for cross-cut type HOUSEHOLD AND
HOME/OFFICE DOCUMENT/MEDIA SHREDDERS Shall be applied to the wedge probe in any direction relative
to the opening. The mass of the wedge probe is to be factored into the overall applied force.
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Before application of the wedge probe, any MECHANICAL ENCLOSURES or guards that are removable
without the use of a TooL shall be removed. The wedge probe shall not contact hazardous
moving parts, including the shredding rollers/mechanisms.
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Dimensions in millimeters

See Note 1

su0567

Note 1 The thickness |of the probe varies linearly, with slope changes at the following points along the probe:

Distanee—frem-probe-tip;-mm RProbe-thickness—mm
0 2
12 4
180 24

Note 2 Tolerances on linear dimensions without specific tolerances:
<25 mm £ 0,13 mm;
> 25 mm = 0,3 mm.

Figure EE.1 — Wedge probe (overall view)
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Dimensions in millimeters

30 ——»]

-~ 27 —— &

:
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15 —ta— 20 —»|

A
|
|
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T

| Rousded to allow rotation about hinge pin

" See Note 1 for thickness (Screw) in one direction
dimensions

2
AN

su0566

Note 1 The thickness |of the probe varies linearly, with slope changes at the following points along the probe:

Distanee—frem-probe-tip;-mm RProbe-thickness—mm
0 2
12 4
180 24

Note 2 Tolerances on linear dimensions without specific tolerances:
<25 mm £ 0,13 mm;
> 25 mm = 0,3 mm.

Figure EE.2 — Wedge probe (tip detail)
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Figure EE.3 — Articulated accessibility probe


https://ulnorm.com/api/?name=UL 60950-1 2019.pdf

DECEMBER 19, 2011 CAN/CSA-C22.2 NO. 60950-1-07 ¢ UL 60950-1

364l

Bibliography
This Bibliography contains information about documents referred to in notes and informative
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IEC 60050-212:1990, International, Electrotechnical Vocabulary — Chapter 212: Insulating
solids, liquids and gases

IEC 60127 (all parts), Miniature fuses
IEC 60269-2-1 | Low veltage fuses — Part 2-1: Supplementary requirements for fuses for use by

authorized perdons. (fuses mainly for industrial application) — Sections | to VI: Examples of types
of standardized fuses

IEC 60364-4-41, Electrical installations of buildings — Part 4-41: Protection for safety —
Protection against electric shock

IEC 60410, Sampling plans and procedures for inspection by attributes
IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60664-4, Insulation coordination for equipment within low voltage systems — Part 4:
Considerations of high-frequency voltage stress
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IEC 60728-11:2005,

services — Part
IEC 60896-21,

IEC 60896-22,

Cable networks for television signals, sound signals and interactive
11: Safety

Stationary lead-acid batteries — Part 21: Valve regulated types — Methods of test

Stationary lead-acid batteries — Part 22: Valve regulated types — Requirements

IEC 60908 Audio recording — Compact disc digital audio system

IEC 61032:1997, Protection of persons and equipment by enclosures — Probes for verification

IEC 61140, Pr

IEC 61558-1,
requirements a

IEC 61643-21,
connected to f

testing method$

IEC 61643-31
Specifications f

IEC 61643-32
Specifications f

IEC 61643-33
Specifications f

IEC 61965, M|
IEC Guide 112

IEC TR 62102
information ang

ISO 2859-1, |
indexed by acc

ISO 4046-4, |
grades and con
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CCUUINT ayairiot CIiCUlieC oSrUCA — CQUITITTIUIT aofJTULS TUTITTStalativri arid CYuiprricrii

Safety of power transformers, power supply units and similar — Part 1: Genéral
hd tests

Low voltage surge protective devices — Part 21: Surge protective~devices
plecommunications and signalling networks — Performance requitements and

p

1, Components for low-voltage surge protective @evices — Part 311:
br gas discharge tubes (GDT)

1, Components for low-voltage surge protective devices — Part 321:
or avalanche breakdown diode (ABD)

1, Components for low-voltage surge”protective devices — Part 331:
or metal oxide varistors (MOV)

echanical safety of cathode ray tubes

Guide on the safety of multimedia equipment

Electrical safety — Classification of interfaces for equipment to be connected to
communications teGhnology networks

bampling procédures for inspection by attributes — Part 1: Sampling schemes
eptance quality limit (AQL) for lot-by-lot inspection

Paper,~board, pulp and related terms — Vocabulary — Part 4: Paper and board
verted products

DE
DE

ISO 4892 (all parts),

ITU-T Recomm

ITU-T Recommendation K.20,

Plastics — Methods of exposure to laboratory light sources
endation K.11, Principles of protection against overvoltages and overcurrents

Resistibility of telecommunication equipment installed in a

telecommunications centre to overvoltages and overcurrents

ITU-T Recommendation K.21,

Resistibility of telecommunication equipment installed in

customer premises to overvoltages and overcurrents
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ITU-T Recommendation K.27, Bonding configurations and earthing inside a telecommunication
building

ITU-T Recommendation K.45, Resistibility of telecommunication equipment installed in the
access and trunk networks to overvoltages and overcurrents

ITU-T Recommendation P.360. Efficiency of devices for preventing the occurrence of DE
excessive acoustic pressure by telephone receivers and assessment of daily noise exposure of DE
telephone users DE

AS/NZS 3112, Approval and test specification — Plugs and socket-outlets

BS 1363 (all parts), 13 A plugs, socket-outlets and adaptors
CAS#110-54-3) American Chemical Society definition

CFR 47, Part|68: Code of Federal Regulations (USA) Part 68: Connection ‘ofterminal
equipment to the telephone network (commonly referred to as "FCC Rules, part68?)

CIE Publication| 63, The spectroradiometric measurement of light sources
ECMA 267 140 mm DVD — Read-Only Disk

EN 50272-2, [Safety requirements for secondary batteries andbattery installations — Part 2:
Stationary batteries

EN 60950-1, Information technology equipment — Safety~~’Part 1: General requirements

ICRP 60, Recpmmendations of the International Commission on Radiological Protection
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Annex NAA D2
(normative) D2
Markings and instructions D2
This annex identifies the markings and instructions required for Canada and the U.S. Excluding D2
the words ” WARNING” and ” CAUTION,” wording equivalent to that provided in this annex may D2
be used. D2
French translations of required markings are considered informative. It is the responsibility of the D2
manufacturer o provide 'ui“llgua: nrat 'r\illga, wirere—appticabtem—accordance—with—tocat D2
jurisdictional requirements. D2
NOTE 1 In Canada| there are two official languages, English and French. This annex lists acceptable French translations of the D2
markings specified in fhis standard. D2
NOTE 2 Underlining|to indicate text added to IEC 60950-1 is not used in this annex. D2
NOTE 3 The compldte text of Annex NAA is a national difference. The national difference types are noted\ifnthe margin or in the last D2
column of the table. D2
Other markingg may be required. D2

Annex NAA
Subclause Requirement Example of English text-| Example of French text for
reference from for marking/instruction marking/instruction
IEC 60950-1

1.1.1

Equipment intended for
use exclusively outside of
A computer room need

not be subjected to
computer room-based
regulatory requirements if
the equipment is marked,

or provided with

nstallation instructions;
ndicating that the
quipment is-hotsintended
or use in.a computer
oom as, defined in the
tandard for the

Protection of Information
i mnnf,

Not for use in-a\computer
room as defined in the
Standard for the
Protection of Information
Technology Equipment,
ANSI/NFPA 75.

Ne peut étre utilisé dans une
salle d’ordinateurs telle que
définie dans la norme ANSI/
NFPA 75 Standard for
Protection of Information
Technology Equipment

D1

ANSI/NFPA 75.

Annex NAA Continued on Next Page
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Annex NAA Continued

Subclause
reference from
IEC 60950-1

Requirement

Example of English text
for marking/instruction

Example of French text for

marking/instruction

155

Each detachable external
interconnecting cable
(with terminations), 3,05
m or less in length and
furnished as part of the
equipment, shall be

marked or similarly
identified in the

D2

nstallation instructions
ith the name, trademark
r trade name of the
rganization that is
esponsible for the
quipment and the
rganization’s identifying
umber or equivalent
esignation for the cable.
he marking may be
pplied on the cable at
ny location.
his marking need not
omply with the
equirements in the
tandard for Marking and
abeling Systems, UL
69, or Adhesive Labels,
SA C22.2 No. 0.15.
his requirement does not
pply to interconnecting
able types which are
pecified in the National
Electrical Code or the
anadian Electrical Code.

155

he output connectors for
ther than limited-power
nd TNV CIRCUITS shalt
e marked or othepwise
escribed in installation
nstructions totidentify the
ype of circtit,-the
ntended'cable type or the
relevant-circuit
characteristics.

”'BP-1” or ” DP-2"

”"DP-1” or "DP-2"

D2

1.7

n anh operator access
™

D2

area, there shall be
indicated on or near each
lampholder the maximum
wattage, or lamp type
number, or model
designation.

1.7.1

See Table NAA.1 for
guidance on information
that may be provided to
allow for the proper
selection of a power
supply.

D2
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Table NAA.1 (informative)

Guidance to allow for proper selection of power supplies

may be provided:
voltage(s);

current(s);

1. The following information

a) Rated output
b) Rated output

c) Rated output
frequency or

2. One of the following classification
levels may be provided:

a) LEVEL 0: Classification Level 0
(LO) for power supplies that
require special additional features
or that depend on the host
equipment to meet the applicable
requirements;

[ =W

3. One of the following classifications
may be provided:

a) Method 1: Classification M1 for
power supplies using method 1 for
isolation of SELV or TNV
CIRCUITS from the PRIMARY
CIRCUIT or HAZARDOUS
VOLTAGE circuits;

frequency I

o = P I | [Tt } [P
O CovED 1. oiasSieation cever 1

d) LEVEL 3: Classification Level 3
(L3) for power supplies with output
circuits that all meet the
requirements for SELV CIRCUITS
and that, under any condijtion of
output overloading, do not exceed
240 VA (i.e., the outputs are SELV
CIRCUITS and'at-non-
HAZARDQUS ENERGY LEVELS);

e).LEVEL 4: Classification Level 4
(L4) for power supplies with
outputs suitable for direct
connection to the
TELECOMMUNICATION
NETWORK;

[T W D) O O oo MO
O IvIietoo 2. - CIiaSSHeatto iviZ— 1ot

(=) I\‘.’G UT
symbol for d.c.; (L1) for power supplies with output power supplies using method 2 for
d) Total mgximum circuits that are either not suitable isolation of SELV or TNV
output powgr if it is for, or have not been investigated CIRCUITS from the PRIMARY
less than tlje sum of for SELV CIRCUITS; CIRCUIT or HAZARDOUS
the powers|of the c) LEVEL 2: Reserved for future VOLTAGE circuits;
individual qutputs; use; c¢) Method 3: Classification’ M3 for
e) Required rating and power supplies using“method 3 for
type of the|overcurrent isolation of SELV-CHRCUITS from
protection fo be the PRIMARY CIRCUIT or
provided in|the end HAZARDQUS VOLTAGE circuits;
product, if pot
provided ag an integral
part of the power
supply; and
f) Output short-circuit
current(s).

d) Method 4: Classification M4 to
indicate a multiple output power
supply having SELV or TNV
CIRCUITS isolated from the
PRIMARY CIRCUIT or
HAZARDOUS VOLTAGE circuits
in any combination of methods 1,
2, and 3.
NOTE As an example, an output
(of a power supply) designated as
“L3M1” indicates the particular
output:

—is a SELV CIRCUIT;

— does not exceed 240 VA

under any condition of

overloading; and

— is isolated from the

PRIMARY CIRCUIT by

DOUBLE or REINFORCED

INSULATION.

NOTE 1 — The output is suitable
for direct connection to the
TELECOMMUNICATION
NETWORK if the output current is
limited to 1,3 A by inherent
impedance or by an overcurrent
protective device rated no more
than 1 A (see 6.3).

f) LEVEL 5: Classification Level 5
(L5) for power supplies having
output circuits that meet the
requirements for SELV CIRCUITS;

Table NAA.1 (informative) Continued on Next Page

D2
D2
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Table NAA.1 (informative) Continued

g) LEVEL 6: Classification Level 6
(L6) to indicate a multiple output
power supply having output
circuits in any combination of
Levels 1, 3, 4, and 5.

NOTE 2 — Additional markings are
allowed, provided they do not give
rise to misunderstanding.

NOTE 3 — Conditions of
acceptability, if any, should be
provided in the installation

instructions.

iring terminals involying
xternal Class 2 op-Class
circuits shall be
rovided with @.marking
ndicating_the“minimum
lass of, the wiring that
an b&used. The marking
hall*be located adjacent
o the terminals and shall

“Class 2 Output”

”Sortie Classe 2”

Annex NAA
Subclause Example of English
reference from text for marking/ Example of French text far
IEC 60950-1 Requirement instruction marking/instruction
1.7.4 See 1.7.4 See 1.7.4 VOIR LA NOTICE DE
D’ INSTALLATION‘AVANT DE
RACCORDER AU.RESEAU
1.7.6 A marking shall be CAUTION: For continued | ATTENTION{ Pour ne pas D2
ocated adjacent to the protection against risk of | comprometire la protection
fuse rating marking fire, replace only with contre les risques d’incendie,
provided in operator- same type and rating of [ remplacer par un fusible de
fserviceable areas to fuse. meéme type et de mémes
dentify the need for using caractéristiques nominales.
the indicated fuse. The
Imarking shall be located
so that it is obvious as to
Wwhich fuse or fuseholder
the marking applies. A
ingle marking is
cceptable for a group of
uses.
1.7.7 onnectors and field- "Class 2” or "Classe 2” or D1

be visible during wiring.

Annex NAA Continu

ed on Next Page
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Subclause
reference from
IEC 60950-1

Requirement

Example of English
text for marking/
instruction

Example of French text for
marking/instruction

1.7.13

See 1.7.13

See 1.7.13

ATTENTION

Il'y a danger d’explosion s'il y
a remplacement incorrect de
la batterie.

Remplacer uniquement avec
une batterie du méme type ou
d’un type équivalent

DE

recommande par 1e
constructeur.

Mettre au rebut les batteries
usagées conformément aux
instructions du fabricant.

2.7.6

See 2.7.6

See 2.7.6

ATTENTION. Double pdle/
fusible sur le neutre.

DE

3.2.1.2

Equipment where the d.c.
supply circuit is
connected to the earthing
conductor:

Equipment that has the
earthed conductor of a
d.c. supply circuit
connected to the earthing
conductor at the
equipment shall be
provided with a
permanent marking
ocated near and in plain
view of the field wiring
terminals and worded as
lindicated.

Alternatively, the wording
can be replaced by the
A symbol on the product
f the specified wording
appears in the installatior
linstructions.

CAUTION: This
equipment has a
connection between the
earthed conductor of the
d.c. supply circuit and
the earthing conductor.
See installation
instructions.

Cet appareil comporte ung
connexion entre le conducteur
relié a la terre du circuit
d’alimentation cce, et son
conducteurde terre.

D2

Annex NAA Continued on Next Page
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Annex NAA Continued

to connect the earthed
conductor of a d.c. supply
circuit:

Equipment that has
provisions to connect the
earthed conductor of a

“C. sUppIly CITcUlt 10 the
arthing conductor at the
quipment shall be
rovided with a

ermanent marking
ocated near and in plain
iew of the field wiring
erminals and worded as
ndicated.

Alternatively, the wording
can be replaced by the
A symbol on the product
f the specified wording
ppears in the installation

TNStanation mstructions.

linstructions.

equipment is designed to
permit the connection of
the earthed conductor of
the d.c. supply circuit to
the earthing conductor at
the equipment. See

permettre le raccordement du
conducteur relié a la terre du
circuit d’alimentation c.c. au
conducteur de terre de
'appareil.

Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
3.2.1.2 Equipment with provisions | CAUTION: This Cet appareil est congu pour D2

Annex NAA Continued on Next Page
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Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
3.2.1.2 Equipment where the d.c. | This equipment has a Ce matériel doit étre raccordé | D2

supply circuit is
connected to the earthing
conductor:

If equipment has the
earthed conductor of a
d.c. supply circuit

quipment, the equipment
hall be provided with a
ermanent marking
ocated near and in plain
iew of the field wiring
erminals and worded as
ndicated. Alternatively,

ymbol on the product if
he specified wording
ppears in the installation
nstructions.

connection between the
earthed conductor of the
d.c. supply circuit and
the earthing conductor.
All of the following
installation conditions

directement au conducteur de
la prise de terre du circuit
d’alimentation c.c. ou a une
tresse de mise a la masse
reliée a une barre omnibus de
terre laquelle est raccordée a

MUSt DE Met.

— This equipment shall
be connected directly to
the d.c. supply system
earthing electrode
conductor or to a
bonding jumper from an
earthing terminal bar or
bus to which the d.c.
supply system earthing
electrode conductor is
connected.

— This equipment shall
be located in the same
immediate area (such as
adjacent cabinets) as
any other equipment that
has a connection
between the earthed
conductor of the same
d.c. supply circuit.and
the earthing conductor,
and also the-point of
earthing of\the d.c.
system.\The d.c. system
shallnot be earthed
elsewhere.

—The d.c. supply source
shall be located within
the same premises as
this equipment.

— Switching or
disconnecting devices
shall not be in the
earthed circuit conductor
between the d.c. source
and the point of the

Telectrode de terre au circuit
d’alimentation c.c.

Les appareils dont les
conducteurs de terre
respectifs sont raccordés au
conducteur de terre du méme
circuit d’alimentation c.c.
doivent étre installés a
proximité les uns des autres
(p.ex., dans des armoires
adjacentes) et a preximité de
la prise de terre.du circuit
d’alimentation c.e. Le circuit
d’alimentatign c.c. ne doit
comporter'ducune autre prise
de térre.

La.seurce d’alimentation du
circuit c.c. doit étre située
dans la méme piéce que le
matériel.

Il ne doit y avoir aucun
dispositif de commutation ou
de sectionnement entre le
point de raccordement au
conducteur de la source
d’alimentation c.c. et le point
de raccordement a la prise de
terre.

connection of the
earthing electrode
conductor.

Annex NAA Continued on Next Page
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Annex NAA Continued

to connect the earthed
conductor of a d.c. supply
circuit:

Equipment which has
provisions to connect the
earthed conductor of a

designed to permit the
connection of the
earthed conductor of the
d.c. supply circuit to the
earthing conductor at the
equipment.

permettre le raccordement du
conducteur relié a la terre du
circuit d’alimentation c.c. au
conducteur de terre de
I'appareil.

Pour ce raccordement, toutes

Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
3.21.2 Equipment with provisions | This equipment is Cet appareil est congu pour D2

“C. sUppIly CITcUlt 10 the
arthing conductor at the
quipment shall be
rovided with a

ermanent marking
ocated near and in plain
iew of the field wiring
erminals and worded as
ndicated. Alternatively,
he wording can be
eplaced by the A symbol
n the product if the
pecified wording appears
n the installation
nstructions.

Tf this connecton 15
made, all of the following
conditions must be met:
— This equipment shall
be connected directly to
the d.c. supply system
earthing electrode
conductor or to a
bonding jumper from an
earthing terminal bar or
bus to which the d.c.
supply system earthing
electrode conductor is
connected.

— This equipment shall
be located in the same
immediate area (such as
adjacent cabinets) as
any other equipment that
has a connection
between the earthed
conductor of the'same
d.c. supply circuit and
the earthing conductor,
and also:the point of
earfhing of the d.c.
system. The d.c. system
shall not be earthed
elsewhere.

— The d.c. supply source
shall be located within
the same premises as
this equipment.

— Switching or
disconnecting devices
shall not be in the
earthed circuit conductor

TES conaiions suivanies
doivent étre respectées:

- Ce matériel doit étre
raccordé directement au
conducteur de la prise de
terre du circuit d’alimentation
C.C. OU a une tresse de mise-a
la masse reliée a une barrg
omnibus de terre laquelle est
raccordée a I'électrode de
terre du circuit d’alimentation
c.c.

- Les appargils dont les
conducteurs, de terre
respectifs 'sont raccordés au
conducteur de terre du méme
circuijt' d’alimentation c.c.
doivent étre installés a
proximité les uns des autres
(p.ex., dans des armoires
adjacentes) et a proximité de
la prise de terre du circuit
d’alimentation c.c. Le circuit
d’alimentation c.c. ne doit
comporter aucune autre prise
de terre.

— La source d’alimentation du
circuit c.c. doit étre située
dans la méme piéce que le
matériel. - Il ne doit y avoir
aucun dispositif de
commutation ou de
sectionnement entre le point
de raccordement au
conducteur de la source
d’alimentation c.c. et le point
de raccordement a la prise de

between the d.c. source
and the point of
connection of the
earthing electrode
conductor.

terre.

Annex NAA Continued on Next Page
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Subclause
reference from
IEC 60950-1

Requirement

Example of English
text for marking/
instruction

Example of French text for
marking/instruction

323

If the wires in a terminal
box or compartment
intended for power-supply
connection of equipment
can attain a temperature
higher than 60 °C during
the normal-temperature

For supply connections,
use wires suitable for at
least °C.

Utiliser des fils convenant a
une température de

°C pour les connexions
d’alimentation.

D2

€st, the unit shall be
Imarked as indicated in
this annex. The marking
shall be provided at or
hear the point at which
the supply connections
are to be made. The
temperature to be used in
the marking shall be 75
C if the temperature
attained in the terminal
pox or compartment is 61
- 75 °C, or 90 °C if the
temperature attained in
the terminal box or
compartment is 75 — 90
C.

Refer to Annex NAE for
details regarding the
regulatory requirements
for supply connections.

3.3.6

Equipment incorporating
field wiring terminals
ntended to be connected
0 aluminum conductors
hall be so identified for
he connection of
luminum conductors.
his marking shall b
ndependent of all (othef
arkings on theyterminal
onnectors and.shall be
isible afterinstallation.
he terminal for the
onnection of an
quiprent protective

“"Use Aluminum
Conductors(Only” or
”Use Aluminum or
Coppér-Clad Aluminum
Conductors Only” if the
terminal is intended only
for connection to
aluminum wire.

“Use Copper or
Aluminum Conductors”
or "Use Copper, Copper-
Clad Aluminum, or
Aluminum Conductors” if
the terminal is intended
for connection to both

“Utiliser seulement des
conducteurs en aluminium ” or
“Utiliser seulement des
conducteurs en aluminium
cuivré ” if the terminal is
intended only for connection
to aluminum wire.

“Utiliser seulement des
conducteurs en cuivre ou en
aluminium ” or “Utiliser des
conducteurs en cuivre, en
aluminium ou en aluminium
cuivré ” if the terminal is
intended for connection to
both copper and aluminum

D1

197
conductor shall not be
identified for the
connection of an
aluminum conductor.

\JU}J'JUI al Id G:UIII;I arm
wire.

wWieT

Annex NAA Continued on Next Page
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Annex NAA Continued

produces x-radiation and
does not comply with
4.3.13 under all
conditions of servicing
shall be marked where
readily visible during
servicing to indicate the
presence of radiation.
Service conditions include:
the removal of shields,
windows, cages,and
covers, with orwithout the
chassis removed from its
enclosure.

unit with circuits
energized may_involve
exposure torx-radiation.
Refer to service manual
for radiation protection
precedure.

cet appareil alors que les
circuits sont sous tension peut
entrainer I'exposition a des
rayons X. Voir le guide
d’entretien pour les
précautions a prendre.

Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction

429 A compartment that CAUTION: High- ATTENTION: Les lampes a D2
houses a high-pressure pressure lamp may haute pression peuvent
lamp as mentioned in explode if improperly exploser si elles sont mal
4.2.9 shall be marked handled. Refer to lamp | utilisées. Confier I'entretien a
where readily visible replacement instructions. | une personne qualifiée.
during any approach to
enter the compartment to
naicaie e sk of

prlosion.

4.3.12 Equipment that uses CAUTION: For continued | ATTENTION: Pour assurer la | D2
eplenishable liquids as protection against protection contre les risques
ndicated in 4.3.12 shall possible fire, use only: d’incendie, utiliser seulement
e marked where it will (type of liquid used, for | (type of liquid used, for
e clearly visible to example: alcohol, example: alcohol, kerosene
ersons replenishing the | kerosene and the like) and the like) classé
iquid with the generic base liquid classed (for example 30
type or the trade name of | (for example 30 — 40) or |- 40) ou moins en.ce\qdi
the liquid to be used. lower with respect to fire | concerne les risques

hazard, or d’incendie, ou
[manufacturer’s specific [ [manufactufef’s specific
material (trade name) material-(trade name) which
which has been has been determined to be
determined to be acceptable for the purpose].
acceptable for the
purpose].
4.3.13.2 Equipment which CAUTION: Servicing\this | ATTENTION: L’entretien de D2

Annex NAA Continued on Next Page
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Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
4.7.31 Equipment for use in ”Suitable for use in Peut étre utilisé dans des D1
spaces used for environmental air spaces | gaines transportant de l'air
environmental air (plenums) in accordance | traité, conformément a la
(plenums) Equipment with Section 300.22 (C) | section 300-22(C) du National
evaluated for installation | of the National Electrical | Electrical Code et aux articles
in space used for Code, and Sections 2-128, 12-010(3) et 12-100 du
environmental air as 2-128, 12-010(3) and Code Canadien de I'électricité,
described in Section 12-100 of the Canadian Premiére 'r'\nrﬁn‘ CSA C221
00-22(C) of the National | Electrical Code, Part 1,
Electrical Code, ANSI/ CSA C22.1.”
FPA 70, and Sections
-128, 12-010(3) and
12-100 of the Canadian
Electrical Code, Part 1,
SA C22.1 shall be
arked or provided with
nstallation instructions
ndicating suitability for
nstallation in such
ocations. Equipment that
s not evaluated for
nstallation in areas
overed by Section 300-
2(C) of the National
Electrical Code, and
ections 2-128, 12-010(3)
nd 12-100 of the
anadian Electrical Code,
Part 1, CSA C22.1 shall
ot be provided with this
arking, nor shall its
nstallation instructions
describe such installation.

51.7 See 5.1.7 See’5.1.7 COURANT DE FUITE ELEVE DE
Raccordement a la terre
indispensable avant le
raccordement au réseau

5.1.8.2,5.1.8.3 [[For pluggable_equipment, | HIGH LEAKAGE COURANT DE FUITE ELEVE | D2

f leakage cufrent due to | CURRENT Raccordement a la terre
ringing voltage exceeds Connect permanent indispensable avant le
3,5 mA,_atabel bearing earthing conductor raccordement au réseau.
the warhing indicated in before connecting

this annex, or similar telephone lines.

wording, shall be aiflixed

adjacent to

telecommunication ports.

Annex NAA Continued on Next Page
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leakage current in excess
of 3.5 mA:

Pluggable equipment
shall be marked with the
complete earthing
installation instructions, or

equipment earthing
conductor is to be
installed between the
product or system and
earth, that is, in addition
to the equipment

additionnel doit étre installé
entre I'appareil ou le réseau et
la terre. Ce conducteur de
terre s’ajoute a celui du
cordon d’alimentation de
I'appareil.

Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
5.1.8.2, 5.1.8.3 | For ringing voltage 1. A supplementary 1. Un conducteur de terre D2

Tt a reterence 1o mne

arthing installation
nstructions. Installation
nstructions furnished with
the product shall include
prominent mention of the
text provided in this
annex.

€arthing conductor m the
power supply cord.

2. The supplementary
equipment earthing
conductor may be not
smaller in size than the
unearthed branch-circuit
supply conductors. The
supplementary
equipment earthing
conductor is to be
connected to the product
at the terminal provided,
and connected to earth
in a manner that will
retain the earth
connection when the
power supply cord is
unplugged. The
connection to earth of
the supplementary.
earthing conductor’shall
be in compljance with
the appropriate rules for
terminating bonding
jumpers’in Part V of
Atticle 250 of the
National Electrical Code,
ANSI/NFPA 70, and
Section 10 of Part | of
the Canadian Electrical
Code, Part I, CSA
C22.1. Termination of
the supplementary
equipment earthing
conductor may be made
to building steel, to a

Z. La section du conaucteur
de terre additional ne doit pas
étre inférieure a celle des
conducteurs de dérivation non
mis a cette fin et raccordé a la
terre de fagcon que la
continuité des masses soit
maintenue lorsque le cordon
d’alimentation est débranché.
La connexion a la terre du
conducteur de terre,
additionnel doit &tre conforme
aux exigences pertinentes
visant le raecordement a des
tresses’devmise a la masse
indiquées a la partie K de
I'article 250 du NEC (norm
ANSI/NFPA 70) et a la section
du CCE, Premiére partie. Le
conducteur de terre
additionnel peut étre raccordé
a la structure d’acier du
batiment, a un réseau de
canalisation électrique
méttallique ou a tout autre
point raccordé de fagon
permanente et slre a la prise
de terre du réseau.

3. Les conducteurs de terre
nus, recouverts ou isolés sont
acceptables. Le revétement
des conducteurs recouverts
ou isolés doit étre vert ou vert
a rayures jaunes.

metal electrical raceway
system, or to any
earthed item that is
permanently and reliably
connected to the
electrical service
equipment earthed.

Annex NAA Continued on Next Page
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Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
3. Bare, covered or
insulated earthing
conductors are
acceptable. A covered or
insulated earthing
conductor shall have a
continuous outer finish
That 1s erther green, or
green with one or more
yellow stripes.
6 The indicated instructions | IMPORTANT SAFETY |IMPORTANTES MESURES D2
are appropriate for INSTRUCTIONS DE SECURITE
telephones connected to | When using your Certaines mesures de sécurité
A telecommunication telephone equipment, doivent étre prises pendant
hetwork. In addition, item | basic safety precautions | [I'utilisation de matérial
3 is appropriate for all should always be téléphonique afin de réduire
telephones, whether wired | followed to reduce the les risques d’incendie, ‘de
or wireless. The risk of fire, electric shock | choc électrique €t de
nstructions shall be in the | and injury to persons, blessures. En voici
orm of a separate including the following: quelquesunes:
ooklet or sheet, or shall | 1. Do not use this 1. Ne pas.utiliser I'appareil
e part of the instruction | product near water, for prés.ded’eau, p.ex., prés
anual separated in example, near a bath d’unébaignoire, d’'un lavabo,
ormat from the other tub, wash bowl, kitchen | d'un’évier de cuisine, d’'un bac
nstructions and sink or laundry tub, in a, }@ laver, dans un sous-sol
ppearing before any wet basement or near’a [ humide ou prés d’une piscine.
perating instructions. swimming pool. 2. Eviter d'utiliser le téléphone
ymbols, graphics and 2. Avoid using a (sauf s’il s’agit d’un appareil
llustrations, if used, shall |telephone (othetthan a |sans fil) pendant un orage
be adequately defined. cordless type) during an | électrique. Ceci peut
The instructions shall start | electrical_storm. There présenter un risque de choc
with the words, may'be & remote risk of | électrique causé par la foudre.
IMPORTANT SAFETY electric shock from 3. Ne pas utiliser I'appareil
INSTRUCTIONS” or lightning. téléphonique pour signaler
equivalent, emphasized 3. Do not use the une fuite de gaz s'il est situé
and clearly telephone to report a prés de la fuite.
distinguishable from the | gas leak in the vicinity of
rest of the text. the leak.
SAVE THESE CONSERVER CES
INSTRUCTIONS INSTRUCTIONS
6 Telecommunication-type D2
connectors and terminals,
sheh not used for
connection to a
telecommunication
network, shall be provided
with a marking identifying
the specific function or
circuit characteristics the
connector or terminal is
used for.

Annex NAA Continued on Next Page
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Annex NAA Continued

cord is required by Figure
6C, the
telecommunication line
cord shall either be
provided with the
equipment or shall be
described inthe safety
linstructions.

the-risk of fire, use only
No. 26 AWG or larger
telecommunication line
cord.”

les risques d’incendie, utiliser
uniquement des conducteurs
de télécommunications 26
AWG au de section
supérleure. ”

Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
Examples of
telecommunication
connectors are RJ and
CA series modular jacks
in the U.S. and Canada,
respectively, 50 pin ribbon
connectors, and insulation
lercng terminars.

6.3 Equipment intended to be | “Telephone Power” and | ”Alimentation du systeme D2
remotely powered over the symbol A or the téléphonique” and the symbol
telecommunication wiring | words “See instruction A\ or the words ”Voir le
systems shall be marked | manual.” manuel d’instructions”

s indicated in this annex | The instruction manual

adjacent to the receptacle | shall include the

or connection. following:
a) the current limitations
and maximum
overcurrent protection for
telecommunication
circuits;
b) reference to the
specific power supply or
current limiting device
provided with the
product;
c) detailed instructions
showing the proper
method of installation
and connections to the
telecommuniication wiring
system

6.4 Where No. 26 AWG line | ”“GAUTION — To reduce |”ATTENTION — Pour réduire | D2

Annex NAA Continued on Next Page
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Annex NAA Continued

se with a specific
rimary or secondary
rotector shall be marked

s indicated in this annex.

he instructions shall
nclude prominent
mention of the
Imanufacturer and type of
protective device that is
required, along with
specific informatien
regarding thé)location of
and instaflation
procedures’for the
operator.

telephone wiring
protected by a
(manufacturer and type
of protégtor) protector.
See.instruction manual.

réseau téléphonique
comprenant un dispositif de
protection (manufacturer and
type of protector). Voir le
manuel d’instructions.

Subclause Example of English
reference from text for marking/ Example of French text for
IEC 60950-1 Requirement instruction marking/instruction
Annex P.1 For Direct plug-in units ”"NOTICE - Local ”Avis — Les réglementations D1
(4.3.6, 3.2.5) with mounting tabs, local | Regulations in Canada |locales au Canada ne
regulations in Canada do |do not permit use of a permettent pas I'utilisation
not permit use of a mounting tab. In d’'une patte de montage. Au
mounting tab to mount Canada, do not use the |[Canada, il est interdit de
the DPIU to an outlet. mounting tab to attach raccorder 'appareil a une
Therefore, for such DPIU | the unit to an outlet.” prise de courant au moyen
in\/nefignfnr{ 1o CSAI dune pnﬂn de mnningn “
2368-1, additional
nstruction shall be
upplied with the DPIU.
Annex NAC Equipment intended for For use only on Utiliser seulement avec un D2
se with a generic telephone wiring réseau téléphonique
econdary protector shall | containing secondary comprenant un dispositif de
e marked as indicated in | protection. See protection secondaire. Voif, le
his annex. The instruction manual. manuel d’instructions.
nstructions shall include
rominent mention of the
ype of protection or
rotective device that is
equired, along with
pecific information
egarding the location of
nd installation
rocedures for the
rotector.
Annex NAC Equipment intended for For use only on Utiliser seulement avec un D2
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Annex NAB D2
(informative)

D.C. powered equipment and centralized d.c. power systems
(see 1.6.1.2)

NOTE 1 Underlining to indicate text added to IEC 60950-1 is not used in this annex.

NOTE 2 The complete text of Annex NAB is a D2 national difference.

NAB.1 Systenrdescriptions

A centralized dlc. power distribution system is a power distribution system consisting of opén
batteries, charger/rectifier circuits and primary and secondary distribution equipment ,that’ is
intended to proyide power to equipment loads. Systems rated not less than 48 V have.ene point
directly earthed, the exposed conductive parts of the installation being connected. to-that point
by protective darth conductors. Systems rated less than 48 V may have one™peint directly
earthed.

Two types of systems are recognized according to the arrangement of éarthed and protective
earth (earthing)l conductors, as follows:

— sourde earthed d.c. power systems, in which the connéction to the earthing
electrogle is located at the source and separate earthed:and protective earth
conductors are provided throughout the system. See“Figure NAB.1.

— d.c. gower system earthed at the equipmentilocation, in which the connection to the
earthing electrode is located in the area where the load equipment is to be installed,
typically known as the “earthing window.*“.See Figure NAB.2.
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For the purpose of applying this figure, grounded and grounding are equivalent to earthed and earthing, respectively.

Figure NAB.1 — Typical centralized d.c. power system — plant and distribution source-

grounded d.c. power system
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For the purpose of applying this figure, grounded and grounding are equivalent to earthed and earthing, respectively.

Figure NAB.2 — Typical centralized d.c. power system — plant and distribution d.c.

power system grounded at the equipment location
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Annex NAC D2 NAA
(normative)
Power line crosses
(see 6.4)

NOTE 1 Underlining to indicate text added to IEC 60950-1 is not used in this annex.

NOTE 2 The complete text of Annex NAC is a D2 national difference.

NAC.1 EQLIIpI'I'I'E1 t-evatuation

Equipment sha)l be evaluated while in each operating state that affects compliance (usually,
on-hook and off-hook).

Equipment thaf functions as either terminal or series equipment shall be evaluated-for both
functions.

NAC.2 Test sqt-up

NAC.2.1 Equipment

Equipment sha)l be mounted as intended for its use. Tests may’ be conducted on either the
equipment as gn assembly, on individual subassemblies, or dn~a partial assembly containing
those compongnts that can be exposed to an overvoltage”condition. Two single plies of
cheesecloth shall be wrapped tightly around the assembly,‘subassembly or partial assembly.

NOTE 1 Bleached cptton cheesecloth, running 28 — 30 m/kg and having’what is known as a “count of 32 X 28 inch” — that is, for any
square inch, 32 threagls in one direction and 28 threads in the other dirgction (for any square centimeter, 13 threads by 11 threads), is
considered suitable fof this purpose.

NOTE 2 Cheesecloth meeting the requirements of CSA-C22:2 No. 0 is considered suitable for this purpose.

Functional circyitry shall be used fot.each test. Circuitry that is damaged during testing may be
either repaired pr replaced for subsequent tests. After any of the specified tests, equipment may
be returned tol ambient temperature before performing any additional tests. Alternatively,
separate samples may be used for each test.
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NAC.2.2 Wiring connections
The following requirements apply:

a) Except where a wiring simulator is required, equipment that has a removable
telecommunication line cord shall be connected to the test circuit with a line cord
having 0,4 mm (No. 26 AWG) or larger copper wire conductors and not more than 1 Q
total resistance. However, equipment supplied with a line cord having 0,4 mm (No. 26
AWG) copper conductors, and having installation instructions for equivalent
replacement cords, shall be evaluated with the line cord provided.

b) Equj
require use of a tool to remove) or a permanently attached handset cord that can be
subjectpd to overvoltage conditions, and for which these cords have not been
approved as component parts, shall have the cord or cords prepared for testing,as
described in the Standard for Communications-Circuit Accessories, UL 1863,-and CSA
C22.2 INo. 233, Cords and Cord Sets for Communication Systems.

c) For pquipment intended to be field-wired to the telecommunications‘etwork, a 300
mm length of 0,4 mm (No. 26 AWG) solid copper wire shall be used.te connect the
equipmeent to the test circuit.

NAC.2.3 Wiring simulator

A wiring simulafor shall be used in test conditions 1 and 5 where

— a mirfimum 26 AWG telecommunications line cotd is not provided; or

— mininpum 26 AWG wiring is not specified forfield-wired telecommunications
equipmeent.

The wiring simulator shall be
—a 50 mm length of 0,2 mm (Ne? 32 AWG) bare or enameled solid copper wire;

— a fuse having a time-cUrrent characteristic comparable to a 0,2 mm wire [Bussman
Mfg. C¢. Type MDL-2(Ajfuse or equivalent]; or

— for tept condition=1 only, a current probe consisting of a 300 mm length of at least
0,5 mm (No. 24 AWG) copper wire to determine the 12t imposed on the connecting
wiring.

Compliance is determined by the 50 mm length of wire or the fuse not interrupting current during
the test, or by the current probe measurement indicating an Ft less than 100A?-s.
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NAC.3 Test conditions
NAC.3.1 General conditions

Test voltages shall be applied to a representative pair or pairs of the equipment’s leads that
connect to outside cable as indicated (M indicates differential mode, L indicates common mode
and F indicates 4-wire test mode):

— Terminal equipment with an earthing connection shall be subjected to common
mode (longitudinal) L-type overvoltage test conditions using the test circuit described
in Figure NAC.1.

— Termjnal equipment shall be subjected to differential mode (metallic) M-type
overvolfage test conditions using the test circuit described in Figure NAC.2; if the
equipmient also has an earthing connection, either tip shall be earthed or ring shall be
earthed during testing, whichever is more severe.

— Termjnal equipment which connects to a 2-pair (4-wire) TELECOMMUNICATION-NETWORK
shall bg subjected to pair-to-pair F-type overvoltage test conditions using the test
circuit described in Figure NAC.3. Four-wire testing is not required provided any of the
following conditions are satisfied:

» the equipment circuitry limits the current in each Jiné-to an 1%t less than
100A2-s and analysis indicates that the test voltages would not cause
excessive power dissipation in the affected components; or

¢ analysis indicates that all circuit elements-that would be stressed by the
4-wire test voltages are evaluated in the differential mode or common mode
test; or

e a dielectric barrier at the test \«oltage is provided between the wire pairs.

— Seriep equipment shall be subjeeted to:

¢ all common mode differential mode and 4-wire tests without terminal
equipment being connected; and

» differential tnode tests M-2, M-3 and M-4 with terminal equipment
connections short-circuited.

PLUGGABLE EQUIPNIENT, TYPE A that is not installed by service PersonNEL shall be evaluated with and
without the poTver-supply cord earthing lead connected to earth if that earthing can affect

compliance.

The open circuit voltage at 50 or 60 Hz, and short-circuit current (set before the test voltage is
applied) available from the voltage source, are given in the following test requirements.
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NAC.3.2 Special conditions

Telecommunication equipment often is used with a primary or secondary protector. A primary
protector is a voltage limiting device. A secondary protector is a current limiting device. A
secondary protector may, but is not required to, provide voltage limiting acceptable for protecting
telephone equipment.

NAC.3.2.1 Primary protectors

On equipment i

nstalled by service PErsoNNEL and intended for use only with a specified primary

protector that complies with the Standard for Protectors for Paired Conductor Communications

Circuits, UL 49
voltage may bsg
Since the test v
these tests are

NOTE Primary prote
unless the equipment

7, a.ll\..lI CSA 0222 Ik‘llu 226, PIUtUbtUIb ;II TU;CUUIIIIIIUII;\;Q“UII ?‘llctVVUIIr\b, t:lc
adjusted based on the 3-sigma breakdown voltage over life for the protector.
oltage is based on the maximum voltage that will not break down the protector,
performed without the actual protector in place.

Ctors are generally under the exclusive control of the service providers, not the equipment manufactdrer. Therefore,
s intended to be installed by a service provider and it can be ensured that the manufacturer’s recommendation for

a specific primary profector will be followed, or the primary protector is provided as part of the equipment constructioh, equipment should

be evaluated without

NAC.3.2.2 Sedq

Equipment inst
that complies W
and CSA C22.9
the let-through
simulator shall

h primary protector in the test circuit.
ondary protectors

blled by service PERsONNEL and intended for use ofly With a secondary protector
ith the Standard for Secondary Protectors for Cotnmunication Circuits, UL 497A,
No. 226, or both, shall be evaluated either tegether with the protector(s) or to
voltage and current characteristics of theprotector(s). A secondary protector
be used when the secondary protector does not have a specified current limit.

A secondary protector simulator, intended to simulate the maximum permissible 12t allowed by

a generic secq

ndary protector, shall be used.in Test Conditions 1 and 5. The secondary

protector simulqtor shall consist of the test fuse used in the Standard for Secondary Protectors

for Communi
Telecommunica
Conditions 2, 3

NOTE Although the
the secondary protect|

cation Circuits, UL 497A, and CSA C22.2 No. 226, Protectors in
tion Equipment, to indicate proper operation of a secondary protector. Test
and 4 shall be evaltated without use of a secondary protector simulator.

becondary protector simulator may be the same device as the wiring simulator, it serves a different purpose. When
br simulator is spegified for use in the test circuit, it is allowed to interrupt the test current.
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NAC.3.3 Tests

Tests M-1, L-1 and F-1 These tests simulate contact between a power system primary and a
telecommunications cable.

Test Condition 1: 600 V, 40 A, applied for 1,5 s.
NOTE 1 The L-1 test may be conducted on one lead at a time.

Tests M-2, L-2 and F-2 These tests simulate short-term induction as a result of a power system
primary fault to a multi-earth neutral.

Test Condition P: 600 V, 7 A, applied for 5 s.
Tests M-3, L-3 and F-3 These tests simulate long duration induction as a result of a,power
system fault to jearth.
SECONDARY PROTECTOR SIMULATORS
OR
CURRENT
LIMITING WIRING SIMULATORS
RESISTORS
U . EQUIPMENT
UNDER
M TEST
TIMED
SWITCH
VARIABLE
AC VOLTAGE
SOURCE
EQUIPMENT
- EARTH
$3297K

Figure NAC.1 - Circuit for common mode (longitudinal) overvoltage tests
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SECONDARY PROTECTOR

CURRENT SIMULATOR OR
LIMITING WRING SIMULATOR
RESISTOR

r\} TELECOMMUNICATION EQUIPMENT

NETWORK CONNECTION UNDER

POINTS TEST
¢/ TMED
SWITCH
N\
~ VARIABLE
VOLTAGE
—/ SOURCE
EQUIPMENT
EARTH
S32p8A

Figur¢ NAC.2 — Circuit for differential mode (metallic) overvoltage tests

SECONDARY
PFAOTECTOR
SIMULATORS
CURRENT OR W'R'NG EXPOSED
LIMITING SIMULATORS *© OUTSIDE PLANT
RESISTORS {_f\ LEADS
PAIR 1
) _\I\ EQUIPMENT
e UNDER
® . TEST
PAIR 2
TIMED
SWITCH e
EQUIPMENT
EARTHING
CONDUCTOR

VARIABLE
\f\ AC VOLTAGE

SOURCE

S3297B —

Figure NAC.3 - Circuit for 4-wire overvoltage tests
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Test Condition 3: 600 V, 2,2 A, applied per Test Duration.

Test Condition 3A: If an open circuit condition occurs during Test Condition 3, an additional test
shall be conducted at 600 V, at a current no greater than 2,2 A, whose value does not result in
an open circuit condition and is intended to produce maximum heating, applied per Test
Duration.

NOTE 2 Where a fuse causes the open circuit in Test Condition 3, as an alternative to testing the equipment with its fuse in place, a
short-circuit current value of up to 135 percent of the fuse rating, with the fuse bypassed, may be used.

Tests M-4, L-4 and F-4 If a voltage limiter rated by the manufacturer to conduct at 285 V peak
or more operat f ftt - i

Test Condition @: A voltage whose peak value is below the conduction voltage, at a current\no
greater than 2,2 A, whose value does not result in an open circuit condition and is intended’ to
produce maximum heating, applied per Test Duration.

NOTE 3 Where a fupe causes the open-circuit in Test Condition 3, as an alternative to testing the equipment with“its-fuse in place, a
short-circuit current vdlue of 135 percent of the fuse rating, with the fuse bypassed, may be used.

NOTE 4 A voltage limiting device that does not have a breakdown characteristic (such as a metal oxide varistor) is considered to be
conducting when the gurrent through it exceeds 5 mA.

Test L-5 This test simulates a contact between a power mains cablé and a telecommunication
cable.

Test Condition p: 120 V, 25 A, applied per Test Durationy
Test Duration

Test Conditiong 3, 4 and 5 are to be conducted)for 30 minutes or until an open circuit occurs
through the actfon of a current limiting device:

NOTE 5 An unacceptable condition will typically manifeést’itself within 30 minutes; hence, the tests are normally limited to 30 minutes.
If at the end of 30 mi:l:nes it appears possible that\a,risk of fire, electric shock or injury to persons will result eventually, the test should

be continued until ultifnate results are obtained —ymaximum 7 hours.
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NAC.4 Compliance

In addition to the compliance criteria specified for the wire simulator and current probe,
compliance is checked by all of the following:

a) There shall be no ignition or charring of the cheesecloth indicator. Charring is
deemed to have occurred when threads have been reduced to char by a glowing or
flaming condition.

b) After the completion of each overvoltage test, the equipment under test shall
continue to comply with the requirements in 6.2.

NOTE In many casels, it will be obvious from the results of the tests that compliance with one or more of these clauses has not been
affected by the appliefl potentials. Where there is doubt or where continued compliance cannot be determined, the appropriate testsin
these clauses might need to be repeated.
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Annex NAD D2
(normative)
Acoustic tests
NOTE 1 Underlining to indicate text added to IEC 60950-1 is not used in this annex.

NOTE 2 The complete text of Annex NAD is a D2 national difference.

NAD.1 General

Manufacturers
receivers and
medium (e.g.,

bf information technology equipment having acoustic outputs at communication
Similar devices used for voice telecommunication, regardless of transmission
TELECOMMUNICATION NETWORK, CABLE DISTRIBUTION NETWORK, wireless network), shall

demonstrate that the equipment complies with the appropriate acoustics requirementsrelated to

short duration i

The complianc
OI CABLE DISTRIBU|
functions:

— gene
receive

— provi

Compliance is
and if necessa
Std 269 (Meth
fixtures, or met
using more tha

mpulses and long duration disturbances as described in NAD.3 and NAD.4.

tests described in this Annex require simulation of the TELECOMMUNICATION NETWORK
TION SYSTEM, Or other transmission medium (e.g., wireless) to perform the following

ration of test signals that produce acoustic output atthie communication
; and

Gion of d.c. power superimposed on the above.signals, as applicable.

Checked by inspection, by evaluation of the data provided by the manufacturer,
[y, by testing in accordance with the>specified parts of this Annex. When IEEE
bd 1 of NAD.3 and NAD.4) permits the use of alternate ear simulators, test
hods of test, the choice is specified by the manufacturer. It is not required to test
N one ear simulator.

NAD.1.2 Definfitions

NAD.1.2.13.20

piFFuse FIELD: A sound field with a high number of reflections that, at any given

point in the diffise field, sound arrives from all angles in a uniform manner.
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NAD.2 Acoustic pressure limiting

These requirements apply to equipment that is intended to be connected directly or indirectly to

a TELECOMMUNICA

TION NETWORK OF CABLE DISTRIBUTION SYSTEM Or other transmission medium, and that

contains an earpiece or receiver that is held against or in the ear. The effect on human hearing

of impulsive noi

se or of disturbances that are less than 0,5 s in duration shall be evaluated under

NAD.3. The effect of longer disturbances, such as those that might be produced during

tone-type dialin

For equipment
connected to a

under test that simutates-theeffectofthe PABXinterfaceor-thedigitatTerecommunmeaTon~ETwoRR—]

interface betwe

NOTE 1 These requir
and no more than on
headsets used by op{

NOTE 2 A PABX or g
However, signals that

NOTE 3 Where the |actual measurement can be made at the drum reference point (DRP), such-as for insert type earphones,

measurements may b

NOTE 4 Special attef]
simulator usage, of IE|

performance specificdtion requires or allows it and the associated application\requirements are met. For example, the Type 1 ear

simulator may be usq

simulator rim, in the :rnd of 100 — 4000 Hz. While IEEE Std 269 recommends that these receivers “should” also be tested in a realistic

unsealed condition u

NOTE 5 The alternati

due to acoustic prcj:ure. However since the original=purpose of IEEE Std 269 is to provide standard methods for measuring

“transmission perfori

might not provide equ|

g, shall be evaluated under NAD.4.

not intended to be connected to a PSTN (such as connected behind a PABX or
digital TELECOMMUNICATION NETWORK), a test voltage may be applied to the equipment

en the equipment under test and the PSTN.

ments are based on ITU-T Recommendation P.360, which assumes a 2 s exposure for long-duration disturbarices
incident per day. Authorities might deem it appropriate to use lower limits for specific cases, for instance for the

rators.

igital TELECOMMUNICATION NETWORK termination can block network voltages, in which case no test voltage is applied.

can be generated by the system should be considered.

P corrected to the ear reference point (ERP) in accordance with IEEE Std"269*Annex C.

tion is directed to Annex B, Alternative ear simulators, mouth simulator, and test fixture, and its Table B.1, Ear
FE Std 269. Annex B of IEEE Std 269 permits specialized ear simulators to be used as alternates if the applicable

d for large, supra-aural or supra-concha, hard-cap, conically symmetrical receivers, which naturally seal to the
ng the Type 3.3 or Type 3.4 ear simulator as spegified in IEEE Std 269 Annex B, it is not normative to do so.
e methods allowed in NAD.3.2 and NAD4-2 are considered to provide equivalent assessment for “safety” of ITE

nce” of analog and digital telephorie sets, handsets and headsets, the actual measurements per either option
valent “transmission performance” results.
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NAD.3 Short-duration impulses

The peak sound pressure level (SPL) of short duration impulses (< 0.5 s) from an earpiece or
receiver of a communication handset or headset shall not exceed an equivalent diffuse field SPL

of 140 dB; relat

Compliance is
method) or NA

ive to: 20 pPa.

checked by the measurement methods described in NAD.3.1 (recommended
D.3.2 (alternate method, if appropriate). The methods utilize artificial ears for

testing. Artificial ears measure SPL at eardrum reference point (DRP) or ear reference point
(ERP) depends on the type of the artificial ear. If either the DRP or ERP measured SPLs are
below the 140 dB limit, compliance can be assumed.

NOTE 1
to the characteristics

Compliancs

If either the DR
translated to th
factors in Tablg
= SPL(DRP) +
+ Sepg(correcti

It is recommen
NOTE 2 The correcf]
The test setup

Alternatively, a
be accomplishg

can be assumed because an equivalent diffuse field SPL is always lower than a measured DRP or ERP SPL dug

f the human ear.

P or ERP measured SPLs exceed the 140 dB limit, the measured SPL.shall be
b equivalent diffuse field and compared to the limit again. Appropriate-¢orrection
NAD.1 or Table NAD.2 shall be used for the translation, e.g. SRE{diffuse field)
Sppsr (correction factor for DRP to diffuse field) or SPL(diffuse field) = SPL(ERP)
bn factor for ERP to diffuse field).

Hed to apply the corrections with a real time (minimum phase) filter.
on outputs from the filter should be as close as possible to the appropriate graph in Figure NAD.1.
s illustrated in Figure NAD.2.

though not recommended, the DRP or ERP translations to the diffuse field may
bd mathematically using a software @algorithm to process digitally sampled and

stored waveforins. If this method is used, the methed shall accurately emulate the preferred real

time filter meth

NOTE 3 A given a
response. A phase re:
response with the lea:

NOTE 4 For equaliz
frequency bandwidth
12 dB per 1/3 Octave
the setting at the next

Dd.

r]plitude response can in theory be-prodliced by an infinite set of filters, each of which creates a different phase

ponse that is a non-linear function offrequency smears the response in time. The filter that produces the amplitude
t time-smearing is the minimum phase filter of the set. Most simple equalizers are minimum phase filters.

ers (e.g. programmable digital equalizer) with broader frequency bandwidth than the given correction factors’
h Tables NAD.1eand NAD.2, the setting of the equalizer at outside of the correction factors’ bandwidth should be
attenuation..Fgrexample, if the highest frequency for the ERP to Diffuse Field correction factor is 8 kHz (0.9 dB),
1/3 freqtiency, 10 kHz, should be —11.1 dB.
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Table NAD.1 — Correction factors to convert DRP SPL to diffuse field SPL

Frequency, Hz Sppst Frequency, Hz Sppis
100 0.0 1250 -5.5
125 0.0 1600 -7.5
160 -0.0 2000 -11.0
200 -0.0 2500 -14.0
250 -0.0 3150 -14.5
315 -0.5 4000 -13.5
400 -1.0 5000 -11.5
500 -1.5 6300 -10.0
630 -2.5 8000 -11.0
800 -3.5 10 000 -11.0
1000 -4.0

Note: Table NAD.
Reference to Tele

is modified from Table B.2 of IEEE Standard 1652-2008, The Application of Free Figld Acoustic
pbhony Measurements; [IEEE Std. 1652 © 2009 |IEEE].

NOTE 5
Sppst The correction from DRP to Diffuse Field
Spptt = 2P 10910(Ppi/Pp)
Where: Hpg is SPL at diffuse field
Pp is SP|. at DRP
Table NAD.2 — Correction factors to convert ERP SPL to diffuse field SPL
Frequency) Hz SEpst Frequency, Hz SEpi
100 0.0 1000 -2.5
125 0.0 1250 -3.0
160 0.0 1600 -3.5
200 -0.0 2000 -4.5
250 -0.0 2500 -4.5
315 -0.5 3150 -4.0
400 -0.5 4000 -7.0
500 =1.0 5000 -8.5
630 2.5 6300 -7.0
800 -2.0 8000 0.5
Note: Table NAD.P is modified.from Table B.2 of IEEE Standard 1652-2008, The Application of Free Field Acoustic
Reference to Telephony Measdréments; [IEEE Std. 1652 © 2009 |EEE].

NOTE 6
SEfo Thq

Sepif = 2

carrection from ERP to Diffuse Field

SHogtotPorPe)

Where: Ppg is SPL at diffuse field
Pe is SPL at ERP
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NAD.3.1 Method 1 (recommended method)

Measurements are made following the methods described in IEEE Std 269, Clause 4, for test
equipment and positioning, Clause 6.10 for analog communication sets, and Clause 7.13 for
digital communication sets.

NAD.3.2 Method 2 (alternate method)
A handset or headset that is of a design compatible with the artificial ear of IEC 60318 shall be

placed under normal operating conditions in position for the exchange of calls (such as talking
state with the handset raised), and fixed to an artificial ear conforming to the requirements of IEC

60318. The eanprece-shatrbenaturatly-seatedtotheknife=edgeof the—artificiatear—tanyfrofes—

in the earpiece
Method 2 test.

Response for i
American Natid
an ear canal sil
earphone shal
S3.25-1989.

The artificial eq
IEC 60651 or
measuring imp

The equipment
shown in Figur
used.

One positive an
Uc =1 kV. For
equipment, the

fall outside the knife-edge of the artificial ear the earpiece is not qualified for thjs
Other types of handset and headset should use Method 1.

sert type earphones shall be measured with an in-ear coupler as indicated in the
nal Standard for Occluded Ear Simulator, ANSI/ASA S3.25-1989, extended by
nulator consisting of a cylinder 8 mm long and 7,5 mm in diameter.~The tip of the
be inserted until tangent with plane X-X’ shown in Figure D of ANSI/ASA

 shall be electrically connected to a precision sound level-meter conforming with
IEC 61672-1:2002, with an unweighted peak-hold~tesponse and capable of
IIses having a duration less than 50 ys.

under test shall be connected to a network simmulator and impulse generator as
b NAD.3, by closing switches A and B. An~équivalent network simulator may be

d one negative polarity impulse shall'be applied to the equipment under test with
pnalog equipment, the impulses‘shall be applied to the receive circuit. For digital
impulses shall be applied toboth the transmit and receive circuits.

NAD.4 Long-duration disturbances

The maximum
level (SPL) fro
exceed 125 dB

NOTE 1 Typical sign

steady-state, long-duration disturbances (> 0.5 s) A-weighted sound pressure
M an earpiece(or-feceiver of a communications handset or headset shall not
A for handsetiand 118 dBA for headset at ERP (ear reference point).

als considered are alerting (ringing) signals during the on-hook operating condition; and tone-type dialing, network

signals and other sinfilar signals generated within the device that can cause excessive acoustic output during the off-hook operating
condition.

Compliance is checked by the measurement methods specified in NAD.4.1 (recommended
method) or NAD.4.2 (alternate method, if appropriate). The methods utilize artificial ears for
testing. Artificial ears measure SPL at DRP (eardrum reference point) or ERP (ear reference
point) depends on the type of the artificial ear. If the DRP measured SPL is below the above
limits (125 dBA for handset and 118 dBA for headset), compliance can be assumed.

NOTE 2 Compliance can be assumed because a measured ERP SPL is always lower than a measured DRP SPL due to the

characteristics of the human ear.
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400 uF, 100 V

Connection for
Equipment Under
Test

A D
10 h 10 h 300 n| 300 q
WA 000 H
= Z
400 ko 50 V° Generator Test Tone
Annex N Generator,

9 This can be reploced with a constant current generator
capable of delivering 50 V/50 mA.

SM1114B

NOTE Surge generatgr is 10/700 ps as described in Annex N.

Figure NAD.3 — Example of a line simulator for a two=wire analogue telephone
If the DRP megsured SPL exceed the above limits, the ‘DRP measured SPL shall be translated
to an equivalent ERP SPL and compared to the limits again. The correction factors in Table

NAD.3 shall be|used for the translation, e.g. SPL(ERP) = SPL(DRP) + Spg(correction factor for
DRP to ERP).

It is recommengled to apply the corrections with a real time (minimum phase) filter.
NOTE 3 The correcfjon outputs from the filter shquld be as close as to the graph in Figure NAD.4.

The test setup [s illustrated in Figure NAD.2

Alternatively, falthough-net recommended, the DRP to ERP filter translation may be
accomplished mathematically. If this method is used, the method shall accurately emulate the
preferred real time filter method.

infinid $ of £l hoof sabiolk

NOTE 4 A given aniplitude—response—ean—ir—theery-be-produced-by—an—infinite-set-of-filters—each
response. A phase response that is a non-linear function of frequency smears the response in time. The filter that produces the amplitude

response with the least time-smearing is the minimum phase filter of the set. Most simple equalizers are minimum phase filters.

NOTE 5 For equalizers (e.g. programmable digital equalizer) with broader frequency bandwidth than the given correction factors’
frequency bandwidth in Table NAD.3, the setting of the equalizer at outside of the correction factors’ bandwidth should be 12 dB per 1/3
Octave attenuation. For example, if the highest frequency for the DRP to ERP factor is 10 kHz (-14.4 dB), the setting at the next 1/3
frequency, 12.5 kHz, should be —26.4 dB.

reates—a—different-phase—
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Table NAD.3 — Correction factors to convert DRP SPL to ERP SPL

Frequency, Hz Spe Frequency, Hz Spe
100 0.0 1250 -2.5
125 0.0 1600 -4.0
160 0.0 2000 -6.5
200 0.0 2500 -9.0
250 -0.0 3150 -10.0
315 -0.0 4000 -6.5
400 -0.5 5000 -3.0
500 -0.5 6300 -3.0
630 -0.5 8000 -16.0
800 -1.0 10 000 -14.0
1000 -1.5
NOTE 6
Spe The [orrection from ERP to DRP
Spe = 20| log10(Pe/Pp)
Where: He is SPL at ERP
Pp is SP} at DRP
10
5
0
\
5 \\
\
Q10

=
Lt
|

-20

-25

-30
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1000
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——DRP to ERP

10000

su0570

Figure NAD.4 — Corrections to Convert DRP Sound Pressures to ERP Sound Pressure
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NAD.4.1 Method 1 (recommended method)

Measurements

shall be made following the methods described in IEEE Std 269, Clause 4, for

test equipment and positioning, Clause 6.10 for analog communication sets, and Clause 7.13 for
digital communication sets.

NAD.4.2 Method 2 (alternate method)

A handset or headset that is of a design compatible with the artificial ear of IEC 60318 shall be
placed under normal operating conditions in position for the exchange of calls (such as talking
state or ringing state with the handset raised), and fixed to an artificial ear conforming to the

requirements
artificial ear. If
earpiece is not
Method 1.

Response for in
American Natid
an ear canal sir
earphone shall
53.25-1989.

The artificial eq
IEC 60651 or |

l’EC 60318 -I'-I’IC' c'alpl'c'bc' Dl’lal’l’ l’Jc’ llafu:a//y ac'al'c‘u' tU t;lG ;\III’I‘G'(:'(J'yC' UII t;lG
any holes in the earpiece fall outside the knife-edge of the artificial ear the
qualified for this Method 2 test. Other types of handset and headset should.use

sert type earphones shall be measured with an in-ear coupler as indieated in the
nal Standard for Occluded Ear Simulator, ANSI/ASA S3.25-1989;,~éxtended by
nulator consisting of a cylinder 8 mm long and 7,5 mm in diameter) The tip of the
be inserted until tangent with plane X-X’ shown in Figure\t of , ANSI/ASA

" shall be electrically connected to a precision soundtevel meter conforming with
EC 61672-1:2002, with A-weighted slow responsé.

NAD.4.2.1 Off{thook signal source

An off-hook sig
equipment undg
acoustic outpuf

The equipment
shown in Figur
used.

inal source as described below shall be applied to the receive circuit of the
er test. The amplitude and frequepcy is adjusted to produce the maximum
from the earpiece.

under test shall be connectéd-to a network simulator and test tone generator as
b NAD. 3, by closing switches A and D. An equivalent network simulator may be

The analog signal generator im the simulator circuit produces a sine-wave signal. For the

equipment ung
maximum trans

er test with al digital interface, a digital sequence representing minimum to
ition squareWave at frequencies between 300 Hz and 5 000 Hz may be used.
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NAD.4.2.2 On-hook signal source

An on-hook signal source as described below shall be applied to the receive circuit of the
equipment under test that contains an alerting device in the handset. The ringing frequency shall
be adjusted to produce the maximum acoustic output from the earpiece.

The equipment under test shall be connected to a network simulator and ringing generator as
shown in Figure NAD.3, by closing switches A and C. An equivalent network simulator may be
used. A signal generator in the simulator circuit produces a sine-wave signal. For equipment
under test with a digital interface, a digital sequence that will activate the alerting device at its
maximum acoustic output may be used.
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Annex NAE
(informative)
U.S. and Canadian regulatory requirements

This annex provides examples of and references for regulatory requirements that apply to
equipment. Applicability of these requirements is dependent on the construction of the
equipment and its intended installation and use.

This annex is not intended to provide a complete list of all of the applicable requirements, only

to serve as a reference—for requirements—that-most bUIIIIIIUIIiy appiy tothis type of eqtiprment:

For complete requirements, the National Electrical Code, ANSI/NFPA 70-2014, the Canadian
Electrical Code| Part I, CSA C22.1-12 or other referenced documents must be consulted.

Any undated rgference to a code or standard appearing in the requirements of this-standard
shall be interpreted as referring to the latest edition of that code or standard.
NOTE 1 Underlining|to indicate text added to IEC 60950-1 is not used in this annex.

NOTE 2 The compldte text of Annex NAE is a D1 national difference.

Annex NAE

Clause No.

Topic/summary

NEC

CEC

1.1.1 (1.5.5)

Cables used in ITE (computer) rooms
See 1.5.5 (1.1.1).

645.5

4-012(2)(i),
12-020, 60-316

1.1.2

Additional requirements

Special installation methods are required’ for equipment
connected to wire-line communication facilities serving high
voltage electric power stations Operating at greater than 1 kV.
These requirements do not cover the equipment used in the
design of such installations. Special system design
requirements, such as«those covered by ANSI/IEEE 487,
Recommended Practice for the Protection of Wire-Line
Communication Facilities Serving Electric Power Locations,
shall be followed, to reduce the risks associated with wire-line
communication.facilities serving such power stations.

90.2(B)(5)
ANSV/IEEE
487

Section 0

Baby monitors

Baby“monitors shall comply with ASTM F2951, Consumer
Safety’ Specification for Baby Monitors

U.S. CPSC

1.1.2, Annex T

L Qutdoor use equipment

11011

22-102 _2-400

Equipment intended for use outdoors shall be evaluated in
accordance with the Standard for Enclosures for Electrical
Equipment, UL 50, or the Standard for Enclosures for
Electrical Equipment, Environmental Considerations, UL 50E
or Special Purpose Enclosures, CAN/CSA C22.2 No. 94, or
CSA C22.2 No. 94.2-07 Enclosures for Electrical Equipment,
Environmental Considerations and shall be marked with a
suitable outdoor use enclosure designation compatible with
the National Electrical Code, ANSI/NFPA 70, or the Canadian
Electrical Code.

110.28, Table
110.28

2-402, Table 65

Annex NAE Continued on Next Page

D1

D1
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Annex NAE Continued

Clause No. Topic/summary NEC CEC

1.1.3 (1.5.5) Building wiring 2-126, Annex B,
See 1.5.5 (1.1.3). Annex G, 2-132,

Sections 4, 8,
10, 12 and 60

113 Modular Data Centers
Modular Data Centers (MDC) shall comply with Article 646, 646, 646.4
Modular Data Centers, of the National Electrical Code, ANSI/

NFPA 70.
See UL Subject 2755, Outline of Investigation for Modular
Data Centers.

1.2 GFCI protection 210.8(B) 24-116, 26-700,
Receptacles, rated 125-volt, single phase, 15- or 20-ampere 26-710(n)
accessible to either Users or Service Personnel shall be
provided with GFCI Protection for Personnel if the equipment
containing the receptacles is installed outdoors.

1.5.5(1.1.3) Building wiring 110.8 Section 12

(3.5)

Wires and cables installed as part of building wiring systems

(premises wiring, facility wiring, etc.) shall comply with the

applicable provisions in the National Electrical Code, ANSI/

NFPA 70, and the Canadian Electrical Code, Part |, CSA

C22.1, and, except for cables run completely within an ITE

(computer) room, are not within the scope of this standard.

For example:

Conductors for general wiring Article 300, Section 4
310

Cables extending beyond an ITE (computer) room 645.6

Class 1, 2 and 3 circuits Article 725 Section 16

Optical fiber cables Article 770 Section 56

Communication circuits Article 800 Section 60

1.5.5(1.1.3) Building wiring and cable used in ducts, plenums and 12-010

(3.5) other air-handling space
Building wiring and cable used‘innducts, plenums and other
air-handling space are subjett to special requirements and are
not within the scope of this standard.

General requirements 300.22 Section 12-010
Class 2 and 3 cirguits 725 Section 16
Optical fiber cables 770 Section 56
Communication circuits 800 Section 60
1.5.5(1.1.1) Cables used in ITE (computer) rooms 645.5 12-020
(3.5) 4-010(2)(i)
60-316
Cables installed within an ITE (computer) room are within the
scope of this standard and shall also comply with the
applicable provisions of the National Electrical Code, ANSI/
NFPA 70, and the Canadian Electrical Code, Part I, CSA
C22.1.
155 External interconnecting cables 645.5(C), 12-020
NFPA 75
Type DP or equivalent cable is required for cabling under 60-306
raised floors in ITE (computer) rooms. Type DP-1 or DP-1P 60-318
cable is suitable for use in any external circuit operating at
600 volts or less. Type DP-2 or DP-2P cable is suitable for
use in any external circuit operating at 300 volts or less.

Annex NAE Continued on Next Page

D1
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Annex NAE Continued

Clause No.

Topic/summary

NEC

CEC

Generally, for ITE (computer) room applications, it is assumed
that any cable over 3,05 m in length, coiled or uncoiled, can
be used under raised floors.

Cables extending beyond the ITE (computer) room are subject
to the applicable requirements in the National Electrical Code,
ANSI/NFPA 70, and the Canadian Electrical Code, Part I,
CSA C22.1, for building wiring.

For installations other than ITE (computer) rooms, cables are
subject to the applicable requirements in the National

300, 645.6

"ETectrical Code, ANSI/NFPA 70, EXcept cables not exceeding
3,05 m may consist of appliance wiring material and may be
evaluated as part of equipment. Special constructions may
warrant additional considerations.

For circuits supplied by limited power sources, Atrticle 725 of
the National Electrical Code, ANSI/NFPA 70, permits the use
of CL2 or permitted cable substitutions. See Table NAE.1.

For cabling less than 3,05 m, which are types not specified in
the National Electrical Code or Canadian Electrical Code,
each detachable external interconnecting cable (with
terminations) furnished as part of the equipment shall be
marked or similarly identified in the installation instructions
with the name, trademark or trade name of the organization
that is responsible for the equipment and with the
organization’s identifying number or equivalent designation fox
the cable, or the cable must be evaluated separately from'the
equipment.

This marking is required to allow authorities having jurisdiction
to identify external interconnecting cables that aretevaluated
as a part of the system and that are not separately evaluated.
Telephone line cords, extension cords and,the’like shall
comply with the requirements of the Standard for
Communications-Circuit Accessories,"JL/1863, and Cords and
Cord Sets for Communication Systéms, CSA C22.2 No. 233.

725

800.113

60-102

1.6 (3.2)

Connection to a.c. or d.c. mains-supplies
See 3.2.

1.6.1.2 (3.2.1.2)

Connections to a d.c, pewer system (d.c. branch circuit)
Connections to the d.¢y power system shall meet the
requirements for ¢onneéction to branch circuits. (See
connections tofprimary power, 3.2.)

480.4

80-002

1.6.1.2 (2.6.1)

Earthing (grounding) of d.c. powered equipment

Equipment intended to be connected to a nominal 48 V d.c.
(or_higher) power supply source, or systems rated less than

480.4, 250

10-102,
10-104,10-202,
10-404, 10-810

48 V d.c. that have one point directly earthed (grounded),

shall have provision for the earthing (grounding) of all exposed
dead metal parts that might become energized from the power
supply source or from circuits involving a risk of electric shock.

1.6.1.2 (1.7.11)

Overcurrent and earth (ground) fault protection for d.c.
powered equipment
See 2.7.1.

480.4

1.6.1.2 (1.7.7.3,
3.2.1.2)

Polarity marking for d.c. powered equipment field wiring
terminals

Terminals and leads provided for permanent connection to the
supply shall be marked to indicate polarity if reverse polarity
can result in a hazard.

200.10,
200.11

2-100(1)(m)

Individual CSA
Part Il
Standards

Annex NAE Continued on Next Page
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Annex NAE Continued

and

Clause No. Topic/summary NEC CEC
1.7.1 Rated voltage marking 100, 110.4, 2-100
110.21, 220.5

Annex NAE Continued on Next Page

D1
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Annex NAE Continued

Clause No.

Topic/summary

NEC

CEC

Based on nominal rating conventions, the following marking
schemes shall be used:

The voltage rating for equipment with more than one phase
supply conductor and an earthed neutral supply conductor
shall indicate the phase-to-earth rateD voLTAGE and the phase-
to-phase RATED voLTAGE, separated by a solidus (/), and shall
give an indication of the number of phases of the supply. In
order to differentiate this marking from multiple voltage ratings,
the number of supply wires, including the neutral, shall also be

ANSI C84.1

CSA CAN3-
C235

D1

pluviu‘cu‘.

For example:

120/240 V, 3-wire means the voltage is supplied by two phase
wires and one neutral wire with 120 V between each phase
conductor and the neutral and 240 V between the phase
conductors.

120/208 V, 3-phase 4-wire means the voltage is supplied by a
three-phase power system and one neutral wire with 120 V
between each phase conductor and the neutral and 208 V
between phases.

For cord connected equipment, the ratep voLTace, specified
shall not exceed the rating of the attachment plug.

A voltage rating that exceeds the attachment plug cap rating
may be acceptable if it does not exceed the extreme
operating conditions in Table 2 of Preferred Voltage Levels.for
AC Systems, 0 to 50,000 V, CSA CAN3-C235, and if it is ‘part
of a range that extends into “Normal Operating Conditions”.
The voltage rating shall not be lower than that spegified for
”"Normal Operating Conditions” in Table 2 of CSA"CAN3-C235
unless it is part of a range that extends into “N@rmal
Operating Conditions.” For example, a matking of 100 V
would not be allowed, but 100 — 118 V would be acceptable.
A marking of 127 V would not be allowed, but 100 — 127 V
would be acceptable.

See also 1.7.7.

1.7.7 (2.5)

Markings for Class 2 terminals

Wiring terminals intendethto ‘supply Class 2 outputs in
accordance with Artjcle 725 of the National Electrical Code,
ANSI/NFPA 70, or-Seetion 16 of the Canadian Electrical
Code, Part 1, GSA-C22.1, shall be marked with the voltage
rating and “Class’ 2” or the equivalent. The marking shall be
located adjacent to the terminals and shall be visible during
wiring.

725.124

16-204

Annex NAE Continued on Next Page
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Annex NAE Continued

Clause No.

Topic/summary

NEC

CEC

1.7.7.1 (2.6.4.2)
(3.3)

Identification of the protective earthing terminal (terminal
for the connection of the equipment grounding conductor
or bonding conductor) for permanently connected
equipment

The terminal for the connection of the equipment earthing
conductor (grounding conductor or bonding conductor) shall
be identified by (1) a green-colored, not readily removable
terminal screw with a hexagonal head; (2) a green-colored,
hexagonal, not readily removable terminal nut; or (3) a green-
colored pressure wire connector. If the terminal is not visible,

250.126

CSA C22.2 No.

0.4 [Clause
3.5.1.2(c)]

the conductor entrance hole shall be marked with the word
“green” or “ground,” the letters “G” or “GR” or the grounding
symbol (IEC 60417, No. 5019) or otherwise identified by a
distinctive green color.

The term ”“Protective Earth” or its abbreviation “PE” are not
commonly used in Canada or the U.S. Therefore, “G,” “GND,”
” GROUND,” or the grounding symbol should be used in
conjunction with these terms.

1.7.7.2 (3.3.1)

See 3.3.1

1.7.7.3 (3.2.1.2)
(1.6.1.2)

Polarity marking for d.c. powered equipment field wiring
terminals

See 1.6.1.2 (1.7.7.3) (3.2.1.2).

2-100(1)(m)

2.5 (1.7.7)

Markings for Class 2 terminals

See 1.7.7 (2.5).

16-204 (supply
marking)

2.5

Overcurrent protection for Class 2 limiting

Where overcurrent protection is required for €lass 2 and
Class 3 limiting in accordance with the National Electrical
Code, ANSI/NFPA 70, the overcurrent device shall not be
interchangeable with devices of higher ratings. A marking is
not sufficient regardless of the Joc¢ation of the device.
Where a limited power source i$ used to provide current
limiting to external wiring i accordance with the National
Electrical Code, ANSINEPA 70, a fuse, if used, shall not be
operator-accessible (unless it is not interchangeable.

725.121,
Chapter 9,
Tables 11(A)
and 11(B)

16-206

2.6

Isolated Ground'Receptacles

When incorporated into the equipment, Isolated Ground
Receptacles shall be of a type identified for the purpose
(orange-triangle marked on the face of the receptacle) and
shalk\be installed in accordance with the Grounding and
Bonding requirements in Section 250.146(D), Isolated

250.146(D)

10-112,
10-906(8)

Receptacles, of NFPA 70, NEC.

Metal parts of the equipment shall be separately protectively
earthed in accordance with 2.6, including use of appropriate
identification symbols as required.

2.6

Provisions for protective earthing

Article 100

Section 0
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NEC
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The terms “protective earth,” “protective earthing” and
“earthing” are not commonly used in Canada or the U.S. For
connections to the grounding system, the following terms
should be applied, as defined in the Canadian Electrical
Code(CEC), Part I, CSA C22.1, and/or the National Electrical
Code (NEC), ANSI/NFPA 70. These terms appear in
parentheses, where appropriate:
Bonding Conductor (CEC) Grounding Conductor (CEC,
NEC)

Grounded (CEC, NET) Grounamg Conauctor,
Equipment (NEC)

Grounded Conductor (NEC)  Grounding Electrode
Conductor (NEC)

Grounding (CEC) Grounding System (CEC)

2.6 (2.7)

Output receptacle circuit earthing (grounding)

250.30,
250.66,
Table 250.66,
645.15

10-906
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Equipment having output receptacles for alternating current
power connections that are generated from an internally
derived source (i.e., provided with transformer isolation
internal to the equipment, which provides isolation of the
output circuit from the mains supply) shall have the earthed
(grounded) circuit conductor bonded to the protective earthing
(grounding) terminal via a “system bonding jumper”
considering the maximum fault current of the circuit.

For cord-connected equipment, the size of the bonding jumper

D1

O: |a“ II\Jt bc :COD thall t: 1T CuUrTelT It wdl Iy;l IB CUI |duutu|o Uf t: 1<
derived output circuit. For permanently connected equipment,
the bonding jumper shall not be less than 8 AWG per NEC
Table 250.66.

2.6.1 (1.6.1.2)

Earthing (grounding) of d.c. powered equipment
See 1.6.1.2 (2.6.1).

2.6.3.3

Size of protective bonding conductors

For pLugaaBLE EQUIPMENT TYPE A, and if neither a) or b) of 2.6.3.3
is applicable, the current rating of the circuit shall be taken as
20 A since the Pluggable Equipment Type A configurations
described in 1.2.5.1 are protected by maximum 20 ampere
branch circuit overcurrent protection.

210.20,
210.23,

104106
96-710(b)

2.6.4 (2.6.5.7)
(3.1.8)

See 2.6.5.7

2.6.4.2 (1.7.7.1)
(3.3)

Identification of the protective earthing terminal (terminal
for the connection of the equipment grounding conductor
or bonding conductor) for permanently connected
equipment

See 1.7.7.1 (2.6.4.2) (3.3).

CSA C22.2 No.

0.4 [Clause
3.5.1.2(c)]

2.6.4.2 (3.3.4)

Range of earthing conductor (equipment grounding
conductor or bonding conductor) sizes.to be accepted by
field wiring terminals

Terminals shall be suitable for theswire gauges commonly
used in the U.S. and Canada. lt.is_required that current-
carrying conductors be rated(125 percent of the equipment
rating; therefore, once the equipment rating exceeds 80
percent of the capacity.of\the wiring in the branch circuit, the
next higher capacity/wire gauge shall be used. Refer to the
appropriate article in,the National Electrical Code, ANSI/NFPA
70, and the Cahadian Electrical Code, Part 1, CSA C22.1, for
ampacity Tables.

250.122
Table
250.122

10-814
Table 16

2.6.5.7 (2.6.4)
(3.1.8)

Screws for protective bonding

Sheet.metal (spaced thread) screws shall not be used to
connect protective earthing (grounding) and bonding
cangductors or connection devices to enclosures.

2.7

250.8

Branch circuit protection for receptacles

Standard supply outlets and receptacles shall be protected by
an overcurrent device in either the equipment or the branch
circuit, rated or set at not more than the rating of the outlet or
receptacle. The overcurrent device shall be of a type that is
suitable for branch circuit protection in accordance with the
National Electrical Code, ANSI/NFPA 70, and the Canadian
Electrical Code, Part I, CSA C22.1, unless it is supplied by a
secondary circuit.

210.20,
210.23,
240.10
406

14-012
14-114
14-600
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Standard supply outlets and receptacles are considered an
extension of the branch circuit. Equipment that can plug into
these receptacles is evaluated based on the branch circuit
protection normally associated with the type of receptacle. For
example, to comply with both U.S. and Canadian Electrical
Code requirements, a 15 A, 125 V receptacle is assumed to
have branch circuit protection rated 15 A.

For NEMA 5-15R receptacles not located in the operator
access area of the equipment, and when additional evaluation
of the end system shows no hazards in accordance with this

standard, a maximum of 20 A branch circuit protection may be
used.

2.7 Multiple panelboards 645.17
For ITE (computer) room applications, power distribution units
may have multiple panelboards within a single cabinet/
enclosure.

2.7 Overcurrent protection for appliances 422.11

This clause contains requirements for sizing branch circuits for | 422.60
appliances. If special overcurrent devices separate from the
equipment are required, data for selection of these devices
shall be marked on the appliance.

14104
Table 13

2.7 (1.6.1.2) Overcurrent and earth fault protection for d.c. powered 480.4
equipment

Overcurrent and earth fault protection in accordance with 2:7
shall be provided either in the equipment or as part of the
building installation. If the protection is provided as part of the
building installation, the type and rating shall be prévided in
the installation instructions.

If a protective device interrupts the grounded conductor, it 240.22
shall also interrupt the supply conductor.

14-016

2.7 Overcurrent protection for distribution transformers 450.3(B)
Table
450.3(B)

Special overcurrent protection is required for individual
transformers that distribute’power to other units over branch
circuit wiring. Typicallys.these requirements apply to
transformers rated riot Jess than 10 kVA, with an output of not
less than 100 V.

26-254
26-256

2.7 Overcurrent.protection for panelboards 408.36

This clausécontains additional requirements for equipment
provided, with panelboards.

14-606

3.1.1 Overcurrent protection of wiring 240.21,
240.21(B)(1),
240 21(BY2)

4-004
4-014
14-100

310.15

Section 310-15 of the National Electrical Code, ANSI/NFPA
70, and Section 4 of the Canadian Electrical Code, Part I,
CSA C22.1, give guidance on the ampacities of conductors.

Any overcurrent device is suitable for use with a conductor
that meets the following conditions:

— The length of the conductor does not exceed 3 m.

— The conductor is located completely within the
enclosure of the equipment.
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— The ampacity of the conductor is not less than the
rating of the overcurrent protective device at the
termination of the conductor.
An overcurrent device rated not more than 3 times the
ampacity of the conductors is suitable if all of the following
conditions are met:
— The length of the conductor does not exceed 7,5 m.

— The conductor is protected from mechanical damage
by being enclosed in an approved enclosure, raceway
or by other approved means.

— The conductor terminates at its load end in one or
more overcurrent protective devices.

— The ampacity of the conductor is not less than the
sum of the ratings of the overcurrent protective devices
supplied by the conductor.

For solid bus bars, the following meets this requirement:
Material Overcurrent protection

Low enough to limit the current
density in the bus bar to:

Copper 4,65 A/mm?2 of bus bar cross-
section

Electrical-conductor 3,10 A/mm? of bus bar cross-

(EC) grade of section

aluminum

(conductivity is 61

percent of IACS)

Aluminum having a 2,75 A/mm? of bus\bar cross-
conductivity of 55 section

percent of IACS

3.1.8 (2.6.4) See 2.6.5.7

(2.6.5.7)
3.2 (1.6) Connection to a.c. or d.c. mains supplies 110.8 Section 12
Wiring methods used for the eonnection of the equipment to
the AC or DC wmains suppLy shallbe in accordance with the
National Electrical Codep ANSI/NFPA 70, and the Canadian
Electrical Code, Part, CSA C22.1.
3.2.1 Methods of connection

Flexible cords and plugs are permitted for portable and 400.7, 400.8 |[4-010
sTATIONARY E@uiPMeENT and for fixed equipment where the
fastening-mjeans and mechanical connections of the
equipmentare designed to permit removal for maintenance
and repair. (Equipment such as automated teller machines
(ATMS) and similar bank equipment, which are typically

;I mta”cd ;II bcu III\O, fll ar IU;C\: ;I IO‘l;tut;Ul 1S, SUpTITiial 'r\cto, Utb., arc
examples of such fixed equipment where flexible cords and
plugs are permitted.)

Flexible cords must be provided with an attachment plug for 400.7(B) CSA C22.2 No.

connection to the branch circuit. 0

The attachment plug configuration shall be one that is rated 210.19(A)(1), |8-104,

not less than 125 percent of the current rating of the 210.23(A)(1), | 26-722,

equipment (e.g., the maximum rating of equipment that has a |422.10(A), 8-302(3)

NEMA 5-15P plug is 12 A). 422.10(E), 26-1000
645.5(A)
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cLass I EQuIPMENT provided with 15- or 20-A standard supply
outlets, Edison-base lampholders or a single pole disconnect
device shall be provided with a polarized-type attachment

plug.

422.40

CSA C22.2 No.
42

3.2.1.2

Special earthing (grounding) conditions for d.c. powered
equipment

Equipment that has the earthed terminal (terminal for the
grounded conductor) of the power source connected to the

Hrame of the unitis requiredto-have special provisions for

250, Parts VI,
VIl, and VIII,
480.3

10-102, 10-104,
10-202, 10-404,
and 10-810

earthing (grounding), along with markings and instructions.
See Annex NAA.

If the equipment provides the means for connecting the supply
to the earthing electrode conductor (grounding conductor or
grounding electrode conductor), there shall be no switches or
overcurrent protective devices located between the point of
connection to the supply and the point of connection to the
earthing (grounding) electrode.

250, Parts Il
and V, 480.3

3.2.1.2 (1.7.7.3)
(1.6.1.2)

Polarity marking for d.c. powered equipment field wiring
terminals

See 1.6.1.2 (1.7.7.3) (3.2.1.2).

3.2.3

Connection of wiring systems (e.g., conduit, raceways,
etc.)

Equipment shall have provision for connecting and securing a
field wiring system.

For certain locations, such as some restricted access
locations using low-voltage d.c. systems, open\wiring systems
may be permitted. Equipment intended solely-for installation in
such locations need not be provided with a*provision for
connecting and securing a field wiring.system. However, a
method of securing wiring or instructions shall be provided to
ensure the installed wiring is adequately protected from
abuse.

300, including
300.10,
300.11,
300.12

12-914,
12-918,
12-916

3.2.3

Permanently connected equipment

3.2.3

Sizes of cables and-conduits

Trade sizes{of"different size conduits and the number type
and ampagcity of cables allowed to be used with different sized
conduits are covered in the national codes. Tables NAE.2 and
NAE:8 are provided for reference.

300.1(C),
Annex C,
Chapter 9,
Table 4

Section 4
Section 12
Tables 6 — 10

3.23

FaYaYaVaV7-3 W aYal

Frerminats—ancHeadsfor-fietewiri i
U I1Cavuo 1ur 1iciu VVIIIIIB CUTITICTLVLIVTTIO

Equipment shall be provided with either terminals or leads for
connection of field-installed wiring. Leads shall not be smaller
than No. 18 AWG (0,82 mm?) and not less than 150 mm in
length.

4
4

w
o
S P
2
NI S

—+

12 OUUU(0O) S5A
C22.2 No. 0
30-404

3.2.5

Cord-connected equipment
The length of a power supply cord shall not exceed 4,5 m.

400.8,
645.5(B)

4-012
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The minimum length of a power supply cord shall be 1,5 m
unless it is intended for a special installation, such as
dedicated equipment intended to be mounted near a
receptacle.

Exception: For equipment provided with an external power
supply, the minimum length of the power supply cord shall be
0,5 m, provided that the total length of the conductive path
from the receptacle to the equipment is 1,5 m or greater. The
minimum 1,5 m length includes the 0,5 m power supply cord,

the axial lenath of the nower sunnly _and the outout
) ™ e sl ™

210

Individual CSA
Part Il Standards

conductors, measured from the face of the attachment plug
cap to the output connector face. The minimum 0,5 m length
of a detachable power supply cord is measured from the face
of the attachment plug cap to the cord connector face. The
minimum 0,5 m length of a non-detachable power supply cord
is measured from the face of the attachment plug cap to the
point on the flexible cord where it enters the power supply
enclosure, including any strain relief means outside the
enclosure.

Power supply cords shall have conductors with cross-sectional
areas sufficient for the rated current of the equipment.
Conductors shall be sized based on the requirements in the
National Electrical Code, ANSI/NFPA 70, and the Canadian
Electrical Code, Part I, CSA C22.1.

Power supply cords and cord sets shall incorporate flexible
cords suitable for the particular application or shall be afa
type at least as serviceable for the particular applicatien.
Table NAE.4 lists common applications and associated
suitable cord types. Table NAE.5 specifies the allowable
ampacity for flexible cords and cables.

400.5,
400.134 Table
400.5(A)

400.3, 400.4

Table 400.4

4-014, Table 11,
4-012

4-012(1), Table
11

Table 12

3.2.9

Wire bending space at field wiring tefminals

There shall be adequate room in a wiring compartment to
properly make the field connectiohs.

Not applicable to wiring compariments for non-detachable
power supply cords.

312.6

C22.2 No. 0.12

3.2.9

Volume of field wiring:compartments

Wiring.compartments shall be of sufficient size to provide free
spacé:for all conductors enclosed in the box.

Not\applicable to wiring compartments for non-detachable

314.16

12-3032,
12-3034, Table
22 and Table 23,
CSA C22.2 No.
0.12

For certain locations, such as some restricted access
locations using low-voltage d.c. systems, open wiring systems
may be permitted. Equipment intended solely for installation in
such locations need not be provided with a field wiring
compartment. However, adequate free space shall be
provided for all conductors, and all conductors shall be
protected against accidental contact.

3.3 (1.7.7.1)
(2.6.4.2)

Identification of the protective earthing terminal (terminal
for the connection of the equipment grounding conductor
or bonding conductor) for permanently connected
equipment

250.126
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See 1.7.7.1 (2.6.4.2) (3.3).

3.3 (4.5.2)

Temperature markings for field wiring compartments

If the wires in a terminal box or compartment intended for
power supply connection of equipment can attain a
temperature higher than 60 °C during normal operation, the
unit shall be marked near the point at which the supply
connections are made with the minimum temperature rating of

110.14(C),
310.10

12-100(c)
Individual CSA
Part Il Standards

the conductors that must be used.

3.3

Wiring terminals for field wiring connections

CSA C22.2 No.
0

3.3

Wiring terminals for the connection of external
conductors

Field wiring terminals provided for interconnection of units by
conductors not supplied by a limited power source, or a Class
2 circuit defined in the National Electrical Code, ANSI/NFPA
70, or the Canadian Electrical Code, CSA C22.1, also shall
comply with the applicable requirements in 3.3.
Interconnection of units by conductors supplied by a limited
power source, or a Class 2 circuit defined in the National
Electrical Code, ANSI/NFPA 70, or the Canadian Electrical
Code, CSA C22.1, may have field wiring connections other
than specified in 3.3, such as wire-wrap and crimp-on types, if
the limited power source and Class 2 circuits are separatéd
from all other circuits by barriers, routing or fixing.

300.1
725

CSA C22.1

3.3.1 (1.7.7.2)

Identification of terminals for connection of an\earthed
(grounded) conductor (neutral)

Terminals for the connection of the earthed (grounded) circuit
conductor (neutral) are required to be identified by a
distinctive white marking or other equally effective means.

200.9

26-002
CSA C22.2 No.
0.4

3.3.3

Wire-binding screws

A wire-binding screw may be eniployed at a wiring terminal
intended for connection of a No. 10 AWG (5,3 mm2) or
smaller conductor wire. Upturned lugs, a cupped washer or
the equivalent shall peyprovided to hold the wire in position.

110.14(A)

12-116

3.3.4

Range of conductor sizes to be accepted by field-wiring
terminals

Terminals €hall be suitable for the wire gauges commonly
used in the)U.S. and Canada. It is required that current-
carryingxconductors be rated 125 percent of the equipment
rating,» Therefore, once the equipment rating exceeds 80
percent of the capacity of the wiring in the branch circuit, the

210.19(A),
210.20,
Article 310,
ampacity
Tables

4-004, Tables 1,
5A, 5B and 12

next higher capacity wire gauge shall be used. Refer to the
appropriate article in the National Electrical Code, ANSI/NFPA
70, and the Canadian Electrical Code, Part I, CSA C22.1, for
ampacity Tables.

For purposes of application of Table 310.16, no Correction
Factors shall be used for terminal sizing considerations,
unless requested by the manufacturer and documented.

A wiring terminal that will not receive a conductor size one
size larger than the minimum determined per Table 310.16
shall be marked to restrict its use to the smaller conductor
size.
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3.34 (2.6.4.2) Range of earthing conductor (equipment grounding 250.122(A), 10-814
conductor or bonding conductor) sizes to be accepted by | Table Table 16
field wiring terminals 250.122
3.3.6 Conductor material markings for field wiring terminals 110.14 12-118

intended for aluminum conductors

Equipment with supply field-wiring terminals intended to be
connected to aluminum conductors shall be so identified for
the connection of aluminum conductors. This marking shall be
independent of all other markings on the terminal connectors

w IIJU V;D;IU:U letUl ;IID‘IG::G\‘I;UII.

The terminal for the connection of an equipment protective
earthing (grounding) conductor shall not be identified for the
connection of an aluminum conductor.
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