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Intefnatienal Standard IEC 62368-1 has been prepared by TC 108: Safety of electr
equlpment within the field of audio/video, information technology and communica
technology

INTERNATIONAL ELECTROTECHNICAL COMMISSION

AUDIO/VIDEO, INFORMATION AND COMMUNICATION
TECHNOLOGY EQUIPMENT -

Part 1: Safety requirements

FOREWOURD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization{compif

ising

| national electrotechnical committees (IEC National Committees). The object of IEC .is [te 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-Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National;Committee interg
the subject dealt with may participate in this preparatory work. International,hNgovernmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl

ajgreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as\hearly as possible, an internat

ons,
“IEC
sted
non-
sely

ith the International Organization for Standardization (ISO) in accordance With~conditions determined by

onal

cpnsensus of opinion on the relevant subjects since each technical committee has representation frof all

interested IEC National Committees.

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

order to promote international uniformity, IEC National* Committees undertake to apply IEC Publica
tlansparently to the maximum extent possible in theis*national and regional publications. Any diverg
tween any |IEC Publication and the corresponding.national or regional publication shall be clearly indicat
the latter.

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

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

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

ttention is drawn to'the Normative references cited in this publication. Use of the referenced publicatio
ndispensable for the torrect application of this publication.

Afttention is drawn'to the possibility that some of the elements of this IEC Publication may be the subjs
ptent rights:\EC shall not be held responsible for identifying any or all such patent rights.

onal
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The text of this standard is based on the following documents:

FDIS Report on voting
108/325/FDIS 108/355/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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Except for text preceded by “Note”, all text within a normative figure, or in a box under a
normative table, is also normative. Text with a superscript reference is linked to a particular
item in the table. Other text in a box under a table applies to the whole table.

Informative annexes and text beginning with the word "NOTE" are not normative. They are
provided only to give additional information.

The “in some countries” notes regarding differing national practices are contained in the
following subclauses:

0214 4115 54243 5420 5451 5522 5527 577 1032 10333,
10.3.3.4, 10.4.1, F.3.3.5, Table 15 and Table 16.

In this standard, the following print types or formats are used:

— fequirements proper and normative annexes: in roman type;
— ¢ompliance statements and test specifications: in italic type;
— hotes/explanatory matter: in smaller roman type;

- normative conditions within tables: in smaller roman type;

— {erms that are defined in 3.3: bold.

The| committee has decided that the contents of this publication will remain unchanged pntil
the Imaintenance result date indicated on the IEC web site*under "http://webstore.iec.ch" in
the fdata related to the specific publication. At this date, the publication will be

+ feconfirmed,
* withdrawn,
* replaced by a revised edition, or

e amended.

A bilingual version of this publication miay be issued at a later date.

NOTE 1 The attention of National Committees and National bodies who prepare national standards is drayn to
the fact that equipment manufacturers and testing organizations may need a transitional period follgwing
publication of a new, amended of revised IEC publication in which to make products in accordance with the| new
requirements and to equip themselves for conducting new or revised tests. It is the recommendation of TC10§ that
the dontent of this publicatiofh,be adopted for mandatory implementation nationally not earlier than five years|from
the date of publication of this-standard.

NOTE 2 IEC 62368-1\is/based on the principles of hazard based safety engineering, which is a different way of
devejoping and specifying safety considerations than that of the current practice. While this standard is different
from|traditional IEC.safety standards in its approach and while it is believed that IEC 62368-1 provides a number of
advaphtages, it§ introduction and evolution is not intended to result in significant changes to the existing spfety
philosophy that-led to the development of the safety requirements contained in IEC 60065 and IEC 60950-1] The
predpminant ‘reason behind the creation of IEC 62368-1 is to simplify the problems created by the merging df the
techologies of ITE and CE. The techniques used are novel so that a learning process is required and experience
is ngeded in its application. Consequently, IEC/TC108 recommends that the first edition of this standard be
considered as an alternative to IEC 60065 or IEC 60950-1 at least over the recommended transition period.

NOTE 3 Explanatory information related to IEC 62368-1 will be published as IEC/TR 62368-2. It will contain
rationale together with explanatory information related to this standard.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.



https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

62368-1 © IEC:2010(E) — 15—

INTRODUCTION

0 Principles of this product safety standard

0.1 Objective

This International Standard is a product safety standard that classifies energy sources,
prescribes safeguards against those energy sources, and provides guidance on the
application of, and requirements for those safeguards.

The| prescribed safeguards are intended to reduce the likelihood of pain, injury and,(in| the
case¢ of fire, property damage.

The| objective of the INTRODUCTION is to help designers to understand the’ underlying
pringiples of safety in order to design safe equipment. These principles aresinformative |and
not pn alternative to the detailed requirements of this standard.

0.2 Persons
0.2 General

Thig standard describes safeguards for the protection of three kinds of persons: the ordinary
person, the instructed person, and the skilled perséon.® This standard assumes that a
pergon will not intentionally create conditions or situations-that could cause pain or injury.

NOTE In Australia, the work conducted by an instructed person or skilled person may require formal licefising
from|regulatory authorities.

0.2.p Ordinary person

Ordiinary person is the term applied_to all persons other than instructed persons |and
skilled persons. Ordinary persons./include not only users of the equipment, but alsg all
pergons who may have access to~the equipment or who may be in the vicinity of|the
equ|pment. Under normal operating conditions or abnormal operating conditions,
ordinary persons should not-be exposed to parts comprising energy sources capablg of
causing pain or injury. Under a single fault condition, ordinary persons should nof be
exppsed to parts comprising-energy sources capable of causing injury.

0.2 Instructed.person

Instructed person is a term applied to persons who have been instructed and trained by a
skilled person;-or who are supervised by a skilled person, to identify energy sources |that
may| cause\pain (see Table 1) and to take precautions to avoid unintentional contact with or
exppsur€ Mo those energy sources. Under normal operating conditions, abnommal
ating conditions or single fault conditions, instructed persons should not be expgsed

0.2.4 Skilled person

Skilled person is a term applied to persons who have training or experience in the equipment
technology, particularly in knowing the various energies and energy magnitudes employed in
the equipment. A skilled person is expected to use their training and experience to recognize
energy sources capable of causing pain or injury and to take action for protection from injury
from those energies. Skilled persons should also be protected against unintentional contact
or exposure to energy sources capable of causing injury.

0.3 Model for pain and injury

This subclause presents an engineering-based model for pain and injury and their relationship
to an energy source.
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An energy source that causes pain or injury does so through the transfer of some form of
energy to or from a body part.

This concept is represented by a three-block model (see Figure 1).

Energy source
capable of Energy
causing pain or transfer Body part

injury

Figure 1 — Three block model for pain and injury

Thig safety standard specifies three classes of energy sources defined by magnitudes |and
durations of source parameters relative to either the body or to combustible matégrial
resgonses to those energy sources. Each energy class (see 4.2) is a function of the body [part
or the combustible material susceptibility to that energy magnitude (see Table 1).

Table 1 — Response to energy class

Enefgy source Effect on the body Effect onjcombustible materials
Class 1 Not painful, but may be detectable Ignition not likely
Class 2 Painful, but not an injury Ignition possible, but limited growth and spread of firg
Class 3 Injury Ignitionlikely, rapid growth and spread of fire

The| energy threshold for pain or injury is *@et constant throughout the population. |[For
example, for some energy sources, the threshold is a function of body mass; the lower| the
masgs, the lower the threshold, and vice-versa. Other body variables include age, statg of
health, state of emotions, effect of drugs; skin characteristics, etc. Furthermore, even where
outward appearances otherwise appear equal, individuals differ in their thresholdg of
sus¢eptibility to the same energy source.

The| effect of duration of enefgy transfer is a function of the specific energy form.|For
example, pain or injury from_thermal energy can be very short (1 s) for high skin temperature,
or very long (several hours) for low skin temperature.

Furihermore, the pain or injury may occur some considerable time after the transfer of eng¢rgy
to body part.\\For example, pain or injury from some chemical reaction may nof be
marnifested fot/days, weeks, months, or years.

0.4| Energy sources

This—subclause identifies the energy sources addressed h\JI this standard, and the Ir_\ai] or

injury that results from a transfer of that energy to the body, and the likelihood of property
damage that results from fire escaping the equipment.

An electrical product is connected to an electrical energy source (for example, the mains), an
external power supply, or a battery. An electrical product uses the electrical energy to perform
its intended functions.

In the process of using electrical energy, the product transforms the electrical energy into
other forms of energy, for example thermal energy, kinetic energy, optical energy, audio
energy, electromagnetic energy, etc. Some energy transformations may be a deliberate part
of the product function (for example, moving parts of a printer, images on a visual display unit,
sound from a speaker, etc). Some energy transformations may be a by-product of the product
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function (for example, heat dissipated by functional circuits, x-radiation from a cathode-ray
tube, etc).

Some products may employ energy sources that are non-electrical energy sources such as
batteries, moving parts, or chemicals, etc. The energy in these other sources may be
transferred to or from a body part, or may be transformed into other energy forms (for
example, a battery transforms chemical energy into electrical energy, or a moving body part
transfers its kinetic energy to a sharp edge).

Examples of the types of energy forms and the associated injuries and property damage

dd- P~y Attt tandard P a—Tabl o]
a CTSSTUTIIT aro starndargd arc it ravic

Table 2 — Examples of body response or property damage related to energy sourcégs

Forms of energy Examples of body response or property. Clauke
damage

Eleftrical energy Pain, fibrillation, cardiac arrest, respiratory 5
(fol example, energized conductive parts) arrest, skin burn, or internal organ‘burn
Thgrmal energy

Electrically-caused fire leading to burn-related 6
(forlexample, electrical ignition and spread of pain or injury, or property damage
fire
Chgmical reaction Skin damage,Aung’and other organ damage, or 7
(folexample, electrolyte, poison) poisoning
Kinptic energy Laceration, puncture, abrasion, contusion,
(fol example, moving parts of equipment, or a crush,*amputation, or loss of a limb, eye, ear, 8
moying body part against an equipment part) ete:
Thgdrmal energy

Skin burn 9
(forfexample, hot accessible parts)
Radiated energy
(fol example, electromagnetic enerdy” optical Loss of sight, skin burn, or loss of hearing 10
endrgy, acoustic energy)

0.5| Safeguards
0.5/ General

Thig subclause introduces the three-block model for safety to explain the function ¢f a
safeguard.and describes various manifestations of safeguards.

Many—products—recessarity—employ—energy—capable—ofcatusingpatin—or—injury—Eatipment
design cannot eliminate such energy use. Consequently, such products should employ a
scheme that reduces the likelihood of such energy being transferred to a body part. The
scheme that reduces the likelihood of energy transfer to a body part is a safeguard (see

Figure 2).

Energy source
capable of causing Safeguard Body part
pain or injury

Figure 2 — Three block model for safety
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A safeguard is a device or scheme or system that

— is interposed between an energy source capable of causing pain or injury and a body part,
and

— reduces the likelihood of transfer of energy capable of causing pain or injury to a body
part.

NOTE Safeguard mechanisms against transfer of energy capable of causing pain or injury include
— attenuating the energy (reduces the value of the energy), or

— impeding the energy (slows the rate of energy transfer). or

— diverting the energy (changes the energy direction), or
— disconnecting, interrupting, or disabling the energy source, or
— enveloping the energy source (reduces the likelihood of the energy from escaping), or

— interposing a barrier between a body part and the energy source.

A safeguard can be applied to the equipment, to the local installation, to a'person or can be a
learned or directed behaviour (for example, resulting from an instructional safegugrd)
intehded to reduce the likelihood of transfer of energy capable of eausing pain or injury. A
safeguard may be a single element or may be a set of elements.

Ideally, the order of preference for providing safeguards is:

— equipment safeguards;
— [nstallation safeguards;

— [nstructional safeguards invoking personal protective equipment, or avoidgnce
behaviour.

In gractice, safeguard selection will take account of the nature of the energy source,|the
intepnded user, the functional requireménts of the equipment, and similar considerations.

0.5.p Equipment safeguard

An |lequipment safeguard~may be a basic safeguard, a supplementary safeguard, a
double safeguard, or a reinforced safeguard.

0.5.B Installation.safeguard

Insfallation safeguards are not controlled by the equipment manufacturer, although in spme
casg¢s, installation safeguards may be specified in the equipment installation instructions].

Generally) with respect to equipment, an installation safeguard is a supplementary
safg¢guard.

NOTE For example, the protective earthing supplementary safeguard is located partly in the equipment and
partly in the installation. The protective earthing supplementary safeguard is not effective until the equipment is
connected to the installation.

Requirements for installation safeguards are not addressed in this standard. However, this
standard does assume some installation safeguards, such as protective earthing, are in
place and are effective.

0.5.4 Instructional safeguard

An instructional safeguard is a visual indicator (symbols or words or both) or an audible
message describing the existence and location of an energy source capable of causing pain
or injury and is intended to invoke a specific behaviour on the part of a person to reduce the
likelihood of transfer of energy to a body part (see Annex F).
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An instructional safeguard may be a basic safeguard, or a supplementary safeguard.

When accessing locations where the unit needs to be energized to perform a service activity,
an instructional safeguard may be considered acceptable protection to bypass an
equipment safeguard such that the person is made aware of how to avoid contact with a
class 2 energy source.

If equipment safeguards would interfere with or prohibit the equipment function, an
instructional safeguard may be a reinforced safeguard.

Prorsmn of an Instructional sateguard does not result In an ordinary person becoming an
insfructed person (see 0.5.8).

0.5.p Personal safeguard

A personal safeguard may be a basic safeguard, a supplementary safeguard, ¢r a
reinforced safeguard.

in tfhis standard. However, this standard does assume that (personal safeguards |are

Recquirements for personal safeguards (personal protective equipment) are not addregsed
avallable for use as specified by the manufacturer.

0.5.p Safeguards during ordinary or instructed person'service conditions

During ordinary person or instructed person sefVice conditions, safeguards for dquch
pergons may be necessary. Such safeguards can.be equipment safeguards, perso¢nal
safeguards, or instructional safeguards. Application of these safeguards is specified in the
respective clauses.

0.5.f Equipment safeguards during skilled person service conditions

DurlLr:g skilled person service conditions, equipment safeguards should be provided to
protect against the effects of a bedy's involuntary reaction (for example, startle) that might
cause unintentional contact with~a class 3 energy source located outside the view of|the
skilled person.

NOTE This safeguard typically applies in large equipment, where the skilled person may need to partially or
wholly enter between two or.more class 3 energy source locations while servicing.

0.5.8 Precautionary safeguard

A precautionary safeguard is the training and experience or supervision of an instrug¢ted
person by (a)skilled person to use precautions to protect the instructed person agginst
clags 2 energy sources. Precautionary safeguards are not specifically prescribed in |this
standatd-but are assumed to be effective when the term instructed person is used.

During equipment servicing, an instructed person may need to remove or defeat an
equipment safeguard. In this case, an instructed person must then apply precaution as a
safeguard to avoid injury.

0.5.9 Skill safeguard

A skill safeguard is the education, training, knowledge and experience of the skilled person
that is employed to protect the skilled person against class 2 and class 3 energy sources.
Skill safeguards are not specifically prescribed in this standard but are assumed to be
effective when the term skilled person is used.
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During equipment servicing, a skilled person may need to remove or defeat an equipment
safeguard. In this case, a skilled person must then apply skill as a safeguard to avoid
injury.

0.5.10 Examples of safeguard characteristics

Table 3 lists some examples of safeguard characteristics.

Table 3 — Examples of safeguard characteristics

Safequard Basic Supplementary Reinforced
g safeguard safeguard safeguard
Eqdipment safeguard: Effective under normal Effective in the event of Effective under‘nermal
) operating conditions failure of the basic operating conditions
a pysical part of an safeguard and in the gvent of a
eqyipment single fault’condition
elsewhere in the
equipment
Example: basic Example: Example: reinforced
insulation supplementary insulation
insulation
Example: normal Example: fire Not applicable
temperatures below enclosure
ignition temperatures
Installation safeguard: Effective under normal Effective-indthe event of Effective under normal
) operating conditions failure,of.an equipment operating conditions
a pfiysical part of a basic'safeguard and in the event of a
mafp-made installation single fault condition
elsewhere in the
equipment
Example: wire size Example: overcurrent Example: socket outlet

protective device

Penjsonal safeguard: In the absenge)of any Effective in the event of In the absence of any
) ) equipment safeguard, failure of an equipment equipment safeguard,
a ppysical device worn effectivecunder normal basic safeguard effective under normal
on the body operating conditions operating conditions
and in the event of a
single fault condition
elsewhere in the
equipment
Example: glove Example: insulating floor | Example: electrically-
mat insulated glove for
handling live conductors
Instructional In the absence of any Effective in the event of Only effective on an
safpguard; equipment safeguard, failure of an equipment exceptional basis, when
) effective under normal basic safeguard providing all appropriate
2 Vh IuntarY Otr 'r:jSt(rjutCted operating conditions Qafnguardc would
ehaviour intended to ;
reduce the likelihood of ?Jﬁgﬁg;lt:; ér;tﬁ]r;ded
transfer of energy to a equipment
body part
Example: instructional Example: after opening Example: instructional
safeguard to disconnect | a door, an instructional | safeguard of hot parts
telecommunication safeguard against hot in an office photocopier,
cable before opening parts or a continuous roll
the cover paper cutter on a

commercial printer
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0.6 Electrically-caused pain or injury (electric shock)
0.6.1 General

This subclause describes models for electrically-caused pain or injury and models for
reducing the likelihood of transfer of electrical energy capable of causing pain or injury to a
body part.

0.6.2 Models for electrically-caused pain or injury

Electrically-caused pain or injury may occur when electrical energy capable of causing pain or
injufy 1S transferred o a body part (see Figure 3).

Elegtrical energy transfer occurs when there are two or more electrical contacts to the-body:

— {he first electrical contact is between a body part and a conductive part of the equipmenpt;
— {he second electrical contact is between another body part, and
b earth, or

b another conductive part of the equipment.

ﬁatcﬁ
o

I

| 1]
-

Energy
Energy ‘ transfer .
source

mechanism

Prospective Two electrical Body

resistance

touch voltage or contacts
touch current

Figure 3 — Schematic and model for electrically-caused pain or injury

Depending on the magnitude, duration, wave shape, and frequency of the current, the effect
to the human body varies from undetectable to detectable to painful to injurious.

0.6.3 Models for protection against electrically-caused pain or injury

Protection against electrically-caused pain or injury requires that one or more safeguards be
interposed between an electrical energy source capable of causing pain or injury and a body
part (see Figure 4).
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Energy ‘ Safeguard
source

Prospective touch

voltage and Electrical

touch current

Body resistance

insulation

Figure 4 — Model for protection against electrically-caused pain or injuny

Profection against electrically-caused pain is provided under normal operating conditions

and

conditions and abnormal operating conditions, a basic safeguard be.interposed betw
an glectrical energy source capable of causing pain and an ordinary person.

The

pair| is electrical insulation (also known as basic insulation) interposed between the en

sou

abnjormal operating conditions, and single fault conditions. Such protection requires

und

safeguard and a supplementary safeguard beé interposed between an electrical en

sou

person (see 4.3.3.3). In the event of a .failure of either safeguard, the other safegy

bec

The

is interposed between the basic<safeguard and a body part. A supplementary safegy
may| be additional electrical insulation (supplementary insulation) or a protectively ear

con

The

eledtrical insulation_(also known as double insulation or reinforced insulation) interpg
between the energy_source and a body part.

Likgwise, asreinforced safeguard may be interposed between an electrical energy so

cap

0.7
0.7.

abnormal operating conditions. Such protection requires that, under normal opera

most common basic safeguard against an electrical energy source capable of cau

ce and a body part.

ting
een

5ing
Ergy

Profection against electrically-caused injury is provided, under normal operating conditi{ns,

br normal operating conditions and abnormal operating conditions, both a b
ce capable of causing injury and an ordinary person (see 4.3.2.4), or an instrug

bmes effective.

supplementary safeguard against an electrical energy source capable of causing in

juctive barrier or other construction that performs the same function.

most common safeguard against an electrical energy source capable of causing inju

hble of-causing injury and a body part.

Electrically-caused fire

hat,

sic
Lrgy
tted
ard

jury
ard
hed

yis
sed

irce

1 General

This subclause describes models to reduce the likelihood of ignition (within the equipment) or
to reduce the likelihood of fire (originating within the equipment) from spreading beyond the

equ

0.7.

ipment.

2 Models for electrically-caused fire

Electrically-caused fire is due to conversion of electrical energy to thermal energy (see
Figure 5), where the thermal energy heats a fuel material followed by ignition and combustion.
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Eleq
tran
hea
tem
tem

0.7.

The

a miaterial, under normal operating conditions and abnormal operating conditions, ¢

not

The
igni

0.8

Energy
Energy - transfer ‘ Fuel
source material

mechanism

Electrical energy Conduction, Material

conversion to convection, exceeds ignition
thermal energy radiation temperature

Figure 5 — Model for electrically-caused fire

trical energy is converted to thermal energy either in a resistance or innan arc an
sferred to a fuel material by conduction, convection, or radiation. As the fuel mat
s, it chemically decomposes into gases, liquids and solids. When the gas is at its ign
berature, the gas can be ignited by an ignition source. When the gas is at its auto-ign
berature, the gas will ignite by itself. Both result in fire.

¢ Models for protection against electrically-caused fire

basic safeguard against electrically-caused fire (see Rigure 6) is that the temperatur

cause the material to ignite.

ion or, in the case of ignition, reduces the likelihood of spread of fire.

Fuel
material

Energy ‘ Safeguard |:>
source

Material does

Electrical energy Thermal

conyérsion to resistance not exceed
thefmal energy ignition
temperature

d is
prial
tion
tion

e of
oes

supplementary safeguard against electrically-caused fire reduces the likelihood of

Energy - Fuel |:> Safeguard
source material

Enclosure
contains the
fire

Fuel
ignition

Electrical energy
conversion to
thermal energy

Figure 6 — Models for protection against fire

Chemically-caused injury

This subclause describes models for reducing the likelihood of injury from exposure to

che

micals.
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Chemically-caused injury is due to a chemical reaction with a body part. The extent of injury
by a given agent depends on both the magnitude and duration of exposure and on the body
part susceptibility to that agent.

The

basic safeguard against chemically-caused injury is containment of the material.

Supplementary safeguards against chemically-caused injury may include:

Nat
equ

a second container or a spill-resistant container;

containment trays;

amper-proof screws to prevent unauthorized access;

nstructional safeguards.

onal and regional regulations govern the use of and exposure to chemicals use
pment. These regulations do not enable a practical classification of e¢hemicals in

marjner in which other energy sources are classified in this standard. Therefore, en

sou

0.9

ce classifications are not applied in Clause 7.

Mechanically-caused injury

Thig subclause describes models for reducing the likelihood ,of injuries such as cuts, brui
broKen bones, etc. due to transfer of kinetic energy to a body<part.

Medhanically-caused injury is due to kinetic energy transfer to a body part when a colli

occ
rela

irs between a body part and an equipment part./The kinetic energy is a function of]
five motion between a body part and accessible parts of the equipment, including p

ejedted from the equipment that collide with a bedy part.

Examples of kinetic energy sources are:

The
sou

body motion relative to sharp edgestand corners;

part motion due to rotating orother moving parts, including pinch points;
bart motion due to loosening, exploding, or imploding parts;

bquipment motion due to.instability;

bquipment motion due to wall, ceiling, or rack mounting means failure;
bquipment motion-due to handle failure;

part motion.due to an exploding battery;

bquipment) motion due to cart or stand instability or failure.

basic safeguard against mechanically-caused injury is a function of the specific en

1 in
the
Prgy

5ion
the
arts

Ergy

cevBasic safeguards may include:

rounded edges and corners;

an enclosure to prevent a moving part from being accessible;
an enclosure to prevent expelling a moving part;

a safety interlock to control access to an otherwise moving part;
means to stop the motion of a moving part;

means to stabilize the equipment;

handles;

mounting means;

means to contain parts expelled during explosion or implosion.
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The supplementary safeguard against mechanically-caused injury is a function of the
specific energy source. Supplementary safeguards may include:

— instructional safeguards;

— instructions and training;

— additional enclosures or barriers;

— safety interlocks.

The reinforced safeguard against mechanically-caused injury is a function of the specific

ene

— safety interlock.
0.1(
0.1

This

likel

0.1d

The
tran

The
inju
ene

The
by
by g

rgy source Reinforced safequards may include:

pxtra thick glass on the front of a CRT;

ack slide-rails and means of support;

Thermally-caused injury (skin burn)
.1 General

subclause describes models for thermally-caused injury and” models for reducing
ihood of thermal energy capable of causing pain or injury bieing transferred to a body g

.2 Models for thermally-caused injury

Fmally-caused injury may occur when thermal )energy capable of causing injur
sferred to a body part (see Figure 7).

rmal energy transfer occurs when a body touches a hot equipment part. The exter
y depends on the temperature difference, the thermal mass of the object, rate of the
gy transfer to the skin, and duration «f contact.

requirements in this standard-only address safeguards against thermal energy tran
onduction. This standard does not address safeguards against thermal energy tran
onvection or radiation.

the
art.

t of
mal

sfer
sfer



https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

- 26— 62368-1 © IEC:2010(E)

Energy transfer

Energy
Energy ‘ transfer ‘
source

mechanism

Temperature, Body part Body part
thermal

resistance

material, touches hot
mass, etc. part

Figure 7 — Schematic and model for thermally-caused injury

Deplending on the temperature, contact duration, material properties, and mass of|the
matgrial, the perception of the human body varies from warmth to heat that may result in pain
or injury (burn).

0.10.3 Models for protection against thermally-caused pain or injury

Profection against thermally-caused pain or injury requires that one or more safeguardg be
intefposed between)a thermal energy source capable of causing pain or injury and an
ordinary person\(see Figure 8).

[ Energy el ]I_'\[ B
=

L source

Temperature,

Thermal
insulation

Body part
thermal
resistance

material,
mass, etc.

Figure 8 — Model for protection against thermally-caused injury

Protection against thermally-caused pain is required under normal operating conditions and
abnormal operating conditions. Such protection requires that a basic safeguard be
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interposed between a thermal energy source capable of causing pain and an ordinary
person.

Protection against thermally-caused injury is required under normal operating conditions,
abnormal operating conditions and single fault conditions. Such protection requires that a
basic safeguard and a supplementary safeguard be interposed between a thermal energy
source capable of causing injury and an ordinary person.

The basic safeguard against a thermal energy source capable of causing pain or injury is
thermal insulation interposed between the energy source and a body part. In some cases, a
bas POt ; - ! . O i

an
injufy. In some cases, a basic safeguard reduces the likelihood of a non-injurious:thefmal
enefgy source from becoming a thermal energy source capable of causing pain or_injury.

Examples of such basic safeguards are:

— ¢ontrol of electrical energy being converted to thermal energy. (for exampld, a
hermostat);

— heat sinking, etc.

The| supplementary safeguard against a thermal energy source capable of causing injury is
thermal insulation interposed between the energy source,and’a body part. In some cases, a
supplementary safeguard against a thermal energy source capable of causing pain or injury
may| be an instructional safeguard identifying the hot parts and how to reduce the likelifood
of injury.

0.11 Radiation-caused injury

Thig subclause describes models for reducing the likelihood of injury from exposure¢ to
radipted energy.

Radliation-caused injury within the scope of this standard is generally attributed to one off the
follgwing energy transfer mechanisms:

— heating of a body organ~caused by exposure to non-ionising radiation, such as the highly
ocalised energy of a laser impinging on the retina, or heating a larger volume such as the
bnergy from a high frequency wireless, electromagnetic fields, or high frequgncy
ransmitter, or

— auditory injury. caused by over stimulation of the ear by excessive peaks or sustained |oud
tound, leading to physical or nerve damage.

Radiated energy is transferred by impingement of wave emission upon a body part.

The| basic safequard aqgainst radiation-caused injury is containment of the energy withim an
enclosure that is opaque to the radiated energy.

The basic safeguard against auditory injury is the provision of warnings and information
advising the user how to use the equipment correctly.

Examples of basic safeguards against auditory pain and injury are the provision of warnings
and information advising the user how to use the equipment correctly. Examples of
supplementary safeguards against auditory injury are the provision of a safety interlock or
a soundproof enclosure.
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There are several supplementary safeguards against radiation-caused injury. The
supplementary safeguards may include safety interlocks to disconnect power to the
generator, tamper-proof screws to prevent unauthorized access, etc.
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AUDIO/VIDEO, INFORMATION AND COMMUNICATION
TECHNOLOGY EQUIPMENT -

Part 1: Safety requirements

Scope

parf of IEC 623688 is gpplir\ahlo tothe cafnfy of electrical and electronic nqnipmonf AL
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NOT
licen

This

Thig
may

This

NOT
IEC

This

NOT
exan

This

field of audio, video, information and communication technology, and business and o
hines with a rated voltage not exceeding 600 V. This standard does not- inc
irements for performance or functional characteristics of equipment.

E 1 Examples of equipment within the scope of this standard are given in Annex A.

part of I[EC 62368 is also applicable to components and subassemblies intended
rporation in this equipment. Such components and subassemblies)need not comply
y requirement of the standard, provided that the complete equipment, incorporating 9
ponents and subassemblies, does comply.

standard specifies safeguards for ordinary persons, dnstructed persons, and ski
5oNs.

F 2 In Australia, the work conducted by an instructed gerson or a skilled person may require fq
5ing from regulatory authorities.

standard assumes an altitude of 2 000 m unless specified otherwise by the manufacty

standard does not apply to equipmentito be used in wet areas. Additional requirem
apply.

standard does not apply to eguipment for outdoor installation.

E 3 Information and communication technology equipment that is intended for use outdoors is coverg
0950-22.

standard does notiinclude requirements for functional safety.

E 4 For specific .fUnctional and software safety requirements of electronic safety-related systems
ple, protectivetelectronic circuits), see IEC 61508-1.

standard’does not address:

manufacturing processes except safety testing;

fice
ude

for
with
uch

lled

rmal

—

er.

ents

d by

(for

njurious effects ot gases released by thermal decomposition or combustion;

disposal processes;
effects of transport (other than as specified in this standard);

effects of storage of materials, components, or the equipment itself;

the likelihood of thermal injury due to radiated or convected thermal energy;
the likelihood of injury due to flammable liquids;

the use of the equipment in oxygen-enriched or explosive atmospheres;
exposure to chemicals other than those specified in Clause 7;

electrostatic discharge events.

the likelihood of injury from particulate radiation such as alpha particles and beta particles;
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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.

IEC 60027-1, Letter symbols to be used in electrical technology — Part 1: General

IEC 60065, Audio, video and similar electronic apparatus — Safety requirements
IEC|60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
IEC|60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, stg
state

IEC|60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive
atmpspheres

IEC|TR 60083, Plugs and socket-outlets for domestic and similar general use standardizg
member countries of IEC

IEC|60085, Electrical insulation — Thermal evaluation and deésignation

IEC|60086-4, Primary batteries — Part 4: Safety of lithiym batteries

IEC|60107-1:1997, Methods of measurement\> on receivers for television broad
transmissions — Part 1: General considerations — Measurements at radio and v
frequencies

IEC|60112, Method for the determination of the proof and the comparative tracking indice

IEC
reqd

IEC
450

IEC
450

it/ insulating materials

60127 (all parts), Miniature fuses

60127-1:2006, Miniature fuses — Part 1: Definitions for miniature fuses and gen
irements for minjature fuse-links

60227-1:200%,- Polyvinyl chloride insulated cables of rated voltages up to and inclu
750 V — Part 1: General requirements

60227-7:2003, Polyvinyl chloride insulated cables of rated voltages up to and inclu
760,V - Part 7: Flexible cables screened and unscreened with two or more conductors

ady

gas

d in

rast
deo

eral

Hing

Hing

IEC 60245-1:2003, Rubber insulated cables — Rated voltages up to and including 450/750 V —
Part 1: General requirements

IEC 60309-1, Plugs, socket-outlets and couplers for industrial purposes — Part 1: General
requirements

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 round copper wire, class 240
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IEC 60320-1, Appliance couplers for household and similar general purposes — Part 1:
General requirements

IEC 60320-2-2, Appliance couplers for household and similar general purposes — Part 2-2:
Interconnection couplers for household and similar equipment

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-
mixed flame

IEC[6U332-T-3, Tesls on electric and optical fibre cables under fire conditions — Part 1-3. Jest
for |vertical flame propagation for a single insulated wire or cable — Procedure| for
detgrmination of flaming droplets/particles

IEC|60332-2-1, Tests on electric and optical fibre cables under fire conditions *\Part 2-1: [est
for Yertical flame propagation for a single small insulated wire or cable — Apparatus

IEC|60332-2-2, Tests on electric and optical fibre cables under fire conditions — Part 2-2: [est
for (ertical flame propagation for a single small insulated wire or{cable — Procedure| for
diffysion flame

IEC|60384-14:2005, Fixed capacitors for use in electroniciequipment — Part 14: Sectipnal
spegification: Fixed capacitors for electromagnetic interference suppression and connectign to
the supply mains

IEC|60417, Graphical symbols for use on equipment
IEC|60505, Evaluation and qualification of elegctrical insulation systems
IEC|60529, Degrees of protection provided by enclosures (IP Code)

IEC|60664-1:2007, Insulation coardination for equipment within low-voltage systems — Paft 1:
Principles, requirements and tests

IEC|60664-3:2003, /nsulation coordination for equipment within low-voltage systems — Payt 3:
Usel of coating, potting or. moulding for protection against pollution

IEC|60664-4:2005,\Iasulation coordination for equipment within low-voltage systems — Paft 4:
Consideration of-high-frequency voltage stress

IEC|60694:2002, Thermal-links — Requirements and application guide

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

IEC 60695-10-3, Fire hazard testing — Part 10-3: Abnormal heat — Mould stress relief
distortion test

IEC 60695-11-5:2004, Fire hazard testing — Part 11-5: Test flames — Needle-flame test
method — Apparatus, confirmatory test arrangement and guidance

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

IEC 60695-11-20:1999, Fire hazard testing — Part 11-20: Test flames — 500 W flame test
methods
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IEC/TS 60695-11-21, Fire hazard testing — Part 11-21: Test flames — 500 W vertical flame test
method for tubular polymeric materials

IEC 60728-11:2005, Cable networks for television signals, sound signals and interactive
services — Part 11: Safety

IEC 60730 (all parts), Automatic electrical controls for household and similar use

IEC 60730-1:1999, Automatic electrical controls for household and similar use — Part 1:
General requirements

IEC|60738-1, Thermistors — Directly heated positive temperature coefficient — Part 1: Geérleric
specgification

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

IEC|60825 (all parts), Safety of laser products

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

IEC|60825-2:2004, Safety of laser products — Part 2: Safety of optical fibre communicdtion
syslems (OFCS)

IEC|60825-12:2004, Safety of laser products~< "Part 12: Safety of free space opfical
communication systems used for transmission ‘oflinformation

IEC|60851-3:2009, Winding wires — Test methods — Part 3: Mechanical properties
IEC|60851-5:2008, Winding wires — Test methods — Part 5: Electrical properties
IEC|60851-6:1996, Winding wires — Test methods — Part 6: Thermal properties

IEC|60896-11, Stationary'lead-acid batteries — Part 11: Vented types — General requiremgnts
and|methods of tests

IEC|60896-21:2004, Stationary lead-acid batteries — Part 21: Valve regulated types — Methods
of test

IEC|60896-22, Stationary lead-acid batteries — Part 22: Valve regulated types — Requireménts

nnnnn 4 TP " £ Il g Lo g PY I I Il [T
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Part 1: Plugs and socket-outlets 16 A 250 V a.c.

IEC 60906-2, IEC system of plugs and socket-outlets for household and similar purposes —
Part 2: Plugs and socket-outlets 15 A 125 V a.c.

IEC 60947-1, Low-voltage switchgear and controlgear — Part 1: General rules
IEC 60950-1:2005, Information technology equipment — Safety — Part 1: General requirements

IEC 60950-23, Information technology equipment — Safety — Part 23: Large data storage
equipment


https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

62368-1 © IEC:2010(E) -33-
IEC 60990:1999, Methods of measurement of touch current and protective conductor current

IEC 60998-1, Connecting devices for low-voltage circuits for household and similar purposes
— Part 1: General requirements

IEC 60999-1, Connecting devices — Electrical copper conductors — Safety requirements for
screw-type and screwless-type clamping units — Part 1: General requirements and particular
requirements for clamping units for conductors from 0,2 mmZ2 up to 35 mm?Z (included)

IEC 60999-2, Connecting devices — Electrical copper conductors — Safety requirements for
scrgw-Type and screwless-Type clamping units — Part 2. Particular requirements for clamping
units for conductors above 35 mm?2 up to 300 mm?2 (included)

IEC|61051-2:1991, Varistors for use in electronic equipment — Part 2: Sectional(specificgtion
for surge suppression varistors

IEC|61056-1, General purpose lead-acid batteries (valve-regulated types) — Part 1: Genrleral
requirements, functional characteristics — Methods of test

IEC|61056-2, General purpose lead-acid batteries (valve-regulated types) — Parl 2:
Dimensions, terminals and marking

IEC|61058-1:2000, Switches for appliances — Part 1: Gengral requirements

IEC|61140:2001, Protection against electric shock, <) Common aspects for installation [and
equlipment

IECITS 61201:2007, Use of conventional tou¢h voltage limits — Application guide
IEC|TS 61202-1:2000, Fibre optic isolators —Part 1: Generic specification
IEC|61204-7, Low-voltage power'supplies, d.c. output — Part 7: Safety requirements

IEC|61293, Marking of electrical equipment with ratings related to electrical supply — Sdfety
requirements

IEC|61427, Secondary cells and batteries for photovoltaic energy systems (PVES) — Gerleral
requiirements and_methods of test

IEC|TS 61480, Secondary cells and batteries — Test methods for checking the performandge of
devices designed for reducing explosion hazards — Lead-acid starter batteries

IECL61434 Qpr‘nnr‘lnry cells and batteries r‘nnfnining alkaline or other non-acid. plnr‘frnlyf bsS —
Guide to designation of current in alkaline secondary cell and battery standards

IEC 61558-1:2005, Safety of power transformers, power supplies, reactors and similar
products — Part 1: General requirements and tests

IEC 61558-2 (all parts), Safety of power transformers, power supplies, reactors and similar
products

IEC 61810-1:2008, Electromechanical elementary relays — Part 1: General requirements

IEC 61959, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Mechanical tests for sealed portable secondary cells and batteries
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IEC 61960, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Secondary lithium cells and batteries for portable applications

IEC 61965:2003, Mechanical safety of cathode ray tubes
IEC 61984, Connectors - Safety requirements and tests

IEC 62133, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Safety requirements for portable sealed secondary cells, and for batteries made from them,
for use in portable applications

IEC|62282-2, Fuel cell technologies — Part 2: Fuel cell modules

IECI|TS 62393, Portable and hand-held multimedia equipment — Mobile computers — Baltery
run4time measurement

IEC|62471:2006, Photobiological safety of lamps and lamp systems

IEC|62485-2, Safety requirements for secondary batteries and battery installations — Payt 2:
Stalionary batteries?

ISO|178, Plastics — Determination of flexural properties

ISO| 179-1, Plastics — Determination of Charpy impactiproperties — Part 1. Non-instrumehted
impact test

ISO| 180, Plastics — Determination of Izod impact 'strength

ISO| 306, Plastics — Thermoplastic matetials — Determination of Vicat softening temperdture
(VSIT)

ISO|527 (all parts), Plastics — Determination of tensile properties
ISO|871, Plastics — Determination of ignition temperature using a hot-air furnace
1ISO|3864 (all parts),/Graphical symbols — Safety colours and safety signs

ISO| 3864-2, Graphical symbols — Safety colours and safety signs — Part 2: Design principles
for product safety labels

ISO| 4046+4:2002, Paper, board, pulps and related terms — Vocabulary — Part 4: Paper|and
boald'grades and converted products

ISO 4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1. General
guidance

ISO 4892-2:2006, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-
arc lamps

ISO 4892-4, Plastics — Methods of exposure to laboratory light sources — Part 4: Open-flame
carbon-arc lamps

ISO 7000:2004, Graphical symbols for use on equipment — Index and synopsis

1 To be published.
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ISO 7010, Graphical symbols — Safety colours and safety signs — Safety signs used in
workplaces and public areas

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 9773, Plastics — Determination of burning behaviour of thin flexible vertical specimens in
contact with a small-flame ignition source

3 |Terms, definitions and abbreviations
3.1 General
Thig clause has been subdivided into “terms and abbreviations” and “definitions”. Where| the
worfls "voltage" and "current" are used, they are r.m.s. values unless otherwise specified.
3.2 Terms and abbreviations
3.2{ Terms in alphabetical order
Term Description
ES Electrical energy source see 5.2
ES1 Electrical energy source class 1
ES2 Electrical energy source class 2
ES3 Electrical energy source class 3
MS Mechanical energy source see 8.2
MS1 Mechanical energy source class 1
MS2 Mechanical energy source’class 2
MS3 Mechanical energy source class 3
PS Power source see 6.2
PS1 Power $ource class 1
PS2 Power-source class 2
PS3 Power source class 3
RS Radiation energy source see 10.2
RS1 Radiation energy source class 1
RS2 Radiation energy source class 2
RS3 Radiation energy source class 3
TS Thermal energy source see 9.2
TS1 Thermal energy source class 1
TS2 Thermal energy source class 2

TS3 Thermal energy source class 3
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3.2.2 Abbreviations in alphabetical order

CD Compact Disk

CD ROM Compact Disc Read-Only Memory
CRT Cathode RayTube

CTI Comparative Tracking Index
DVD Digital Versatile Disc

EIS Electrical Insulation System
EUT Equipment Under Test

IC Integrated Circuits

LEL Lower Explosion Limit

LFC Liquid Filled Component

LPS Limited Power Source

MOV Metal Oxide Varistor

NiCd Nickel Cadmium

PPE Personal Protective Equipment
PTC Positive Temperature Coefficient
Sb Antimony

SPD Surge Protection Devices

UPS Uninterruptible Power Supply
VDR Voltage Dependent Resistor
VRLA Valve Regulated Lead Acid

3.3| Terms and definitions

For|the purposes of this documentithe following terms and definitions apply. For|the
conyenience of the user, the defined terms are listed below in alphabetical order by rjoun
indigcating the number of the defined term.

ACCRSSIDIE oo 3.3.6.1
Areq, reStriCIEd ACCESS L. i 3.3.6.p
ChEESECIO N .o e 3.36.p
Chemical, NAzZardOUS . ... . e 3.3.16.¢4
CITCHI, EXEEINAl . et e e e 3.3.1.
clags, materialflammability ... 3.34.p
Lo == 1= T Lo = 3.3.12.11
congdition, abrormal operating ........cco i 3.3.7.[
congditioN,;normal Operating......cccoouiiiii i 3.3.7.4
CONQLION, OVEIIOAA ... e e 3.3.7p
Conj;t;un, o;uy:c farth——mrr 33—+40
CoNAUCEOr, ProteCHIVE ... 3.3.11.9
conductor, protective bonding ..o 3.3.11.8
conductor, protective @arthing ..o 3.3.11.10
CONSTIIUCTION, Class [l ... 3.3.15.2
cord, non-detachable POWEr SUPPIY ...c.iuiiiiii e 3.3.6.4
current, protective CONAUCTON ... e e 3.3.14.6
current, Maximum CRAIGING .. ..c.u e 3.3.14.3
(o0 T =] 0 LS = 1 (<o R 3.3.10.1
(o101 =] 0 S (01U Lo o PO 3.3.6.10
CUL-Off, thermal .o e 3.3.13.4
degree, POIULION ... e e 3.3.6.5
(o LNV oZ= T e [ 1T oTo ] 1 g 1= o A 3.3.6.3
AiStANCE, CrEEPAGE - cu it 3.3.12.2

LY o] Lo 1] U = 3.3.2.2
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ENCIOSUIe, ElECIINCAl .. ...t 3.3.2.1
BN OSUIE, Tl . e e 3.3.2.3
enClosUre, MECRANICAL ... ...t e 3.3.2.4
EQUIPMENT, ClaSS |uiiii i e e 3.3.15.1
eqUIPMENT, ClasS [l o i e 3.3.15.3
equUIPMENt, Class ... e 3.3.15.4
equipment, direCt PIUG-IN .. v 3.3.3.1
equipment, hand-held ... ... 3.3.3.2
EQUIPMENT, MOVADIE ... e 3.3.3.3
equipment, permanently connected........ ..o 3.3.34
equipment, personal protective (PPE) ... 3.3.16.5
equlpment, pluggable, type A . e 3.3.3.

equlpment, pluggable, type B 3.8.3'p
equlpment, stationary ... 3.3.3.)
equlpment, transportable ... O 3.3.3.B
EXPlOSION o e B 3.3.16.p
EXPLlOSIVE oo O 3.3.16.3
frequency, peak reSPONSE ... ..c.iiiiiii e 3.3.7.p
frequeNnCy, rated. .. ..o e 3.3.10.p
impedance, rated load ... T 3.3.7.f
INSUIAtIoN, DASIC.. ..o e 3.3.51
insulation, double.........cooiiiii e 3.3.5.p
insylation, functional ............ooiiiiiii 3.3.5.8
insulation, reinforced ..o 8 3.354
INSUIAtION, SOl ... o e e 3.3.5.p
insulation, supplementary L 3.3.5p
inteflock, safety . ... O 3.3.11.1B
limifer, temperature. ... S 3.3.13.3
0= 11 1T PP 3.31p
material, BVA Class ..o N 3.3.4.2/
material, BYB Class ..o e e, 3.34.2p
material, combustible ... 3.3.4.(t
Material, CoONSUMADIE ... ... A e 3.3.16.11
material, HB40 Class ... A e 3.3.4.2.8
Material, HB75 Class ...l e 3.3.4.2H4
material, HBF class foamed ..ol 3.3.4.2p
material, HF-1 class foamed i e 3.3.4.2.p
material, HF-2 class foamed ... ..o 3.3.4.2.)
0 F= Y T T LY O I o = T T 3.34.2B
0 F= Y T T Y g B o = T T 3.34.2P
00 F= N T T Y o F= T 3.3.4.2.1D
MAtBrial, VTIM-0 €IS S oot e e et 3.3.4.2.11
Material, VMl O ass ... s 3.3.4.2.1p
Material, VTIVIE2 Class ..o e 3.3.4.2.118
mislise, reasonably foreseeable. ..o 3.3.7.B
opefation,) intermittent. . ... 3.3.7.p
opefation, short-time ... ... 3.3.7.p
[ 2=T ST g T T =3 £ VT3 = 3-3.8.

[OX=T =T oY a T o o T =1 3.3.8.2
PErsSON, SKIllEd ... e 3.3.8.3
e 1S T Y o3 o Vo P 3.3.9.2
PlS, TSSOV e e 3.3.9.3
power, NON-CHPPEd OULIPUL. ... .. 3.3.7.3
[0 X1V =Y R = ) (=Y o PPN 3.3.10.3
range, rated VO age .. ..o 3.3.10.5
rating, protective CUMmENt ... e 3.3.10.6
SA QU ... e 3.3.11.12
safeguard, DaSIC ..o 3.3.11.1
safeguard, dOUDIE ... ... e 3.3.11.2
safeguard, EQUIPMENT ... . e 3.3.11.3
safeguard, iNstallation ... ... 3.3.11.4
safeguard, INSTrUCLIONAL. ... ..c.oii e 3.3.11.5
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safeguard, PersONal ... ... e 3.3.11.6
safeguard, PreCcautioNary ... 3.3.11.7
safeguard, reinNforCed. ... ...oiii i 3.3.11.11
safeguard, SKill ... ... 3.3.11.14
safeguard, SUPPIEMENTAIY ..o 3.3.11.15
source, potential ignition (PIS) ... 3.3.9.1
temperature, highest Charging ..o 3.3.13.1
temperature, lowest Charging ........c.ooiiiiiiii 3.3.13.2
BESE, TOULING Lo e 3.3.6.7
tESt, SAMPIING Lo e 3.3.6.8
LS5 SR 17/ 0 3.3.6.11
thellnostat ............................................................................................................... 3.3.13.

LEESEST TSI = o o 11 T 3.3161p
L0 To ] | PP 3.3.6.p
VOB, A.C. i e N 373.14 {1
voltage, mains transient ... B 3.3.14.p
VOItage, PEAK WOIKING .. v e e 3.3.14.44
voltage, prospective touch ... D 3.3.14.p
VOItAGE, IM.S. WOIKING . e e e e e 3.3.14.B
voltage, rated. ... ... T 3.3.10.44
voltage, required withstand ... D e 3.3.14.)
voltage, upper limit charging .........cocooiviiii i O 3.3.14.p
voltage, WOrking.......oooviiiiiiiii e 3.3.14.1p

3.3.11 Circuit terms

3.3/1.1
external circuit
eledtrical circuit that is external to the equipment:and is not mains

NOT

An external circuit is classified as ES1, ES2-fES3, and PS1, PS2, or PS3.

3.3/.2
mains
a.c.]or d.c. power distribution system (external to the equipment) that supplies operdting
power to the equipment and is RS3

NOTE Mains include public or private utilities and, unless otherwise specified in this standard, equivalent soyrces
such|as motor-driven generators-and uninterruptible power supplies.

3.3.R Enclosure terms

3.3.p.1
elegtrical enclosure
encjosure-intended as a safeguard against electrically-caused injury

[IEV 195-06-13, modified]

3.3.2.2
enclosure
housing affording the type and degree of protection suitable for the intended application

[IEV 195-02-35]

NOTE The same enclosure may provide multiple types and degrees of protection for several intended
applications such as for an electrical enclosure, a fire enclosure or a mechanical enclosure. Likewise, one part
of an enclosure may provide one type and degree of protection for one intended application, and another part of
the same enclosure may provide another type and degree of protection for another intended application.
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3.3.2.3

fire

enclosure

enclosure intended as a safeguard against the spread of fire from within the enclosure to
outside the enclosure

3.3.2.4
mechanical enclosure

enc

losure intended as a safeguard against mechanically-caused injury

3.3.3 Equipment terms

3.3.1

:

diregct plug-in equipment

equ

3.3.

pment in which the mains plug forms an integral part of the equipment enclosure

3.2

hand-held equipment

mo\
han

3.3.
mox
equ

3.3.

rable equipment, or a part of any kind of equipment, that is intended to be held in
i during normal use

3.3
rable equipment
pment that is either:

8 kg or less in mass and not fixed in place, or

berson as required to perform its intended use

3.4

permanently connected equipment

equ

3.3.

pment that can only be electrically connected to the mains by the use of a tool

3.5

pluggable equipment type A

equ
outl
(IEQ

3.3.

pment that is intended for-gonnection to the mains via a non-industrial plug and sog

60320-1), or both

3.6

pluggable equipment type B

equ
(IEQ
both

3.3.

pment thatis\intended for connection to the mains via an industrial plug and socket-o
60309-4,©r national equivalent) or via an industrial appliance coupler (IEC 60320-1

BT

the

provided with wheels, casters, or other means{ to' facilitate movement by an ordinary

ket-

bt (IEC/TR 60083 or pational equivalent) or via a non-industrial appliance couypler

itlet
, or

stat

onary equipment

— fixed equipment, or

— permanently connected equipment, or

— equipment that, due to its physical characteristics, is normally not moved

NOTE Stationary equipment is neither movable equipment nor transportable equipment.

3.3.3.8
transportable equipment
equipment that is intended to be routinely carried

NOTE Examples include notebook computers, CD players and portable accessories, including their external
power supplies.
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3.34 Flammability terms

3.3.4.1
combustible material
organic material, capable of combustion

NOTE 1 For the purpose of this standard, metal other than magnesium, or ceramic are examples of materials that
are not capable of being combusted.

NOTE 2 All thermoplastic materials are considered capable of being combusted regardless of the material
flammability class.

3.3.4.2
matlerial flammability class
recqgnition of the burning behaviour of materials and their ability to extinguish if ignited

Matgrials are classified as below when tested in accordance with |IEC 60695-11+10,

IEC|60695-11-20, ISO 9772 or ISO 9773.

3.3.4.2.1

5VA class material
matgrial tested in the thinnest significant thickness used and classified 5VA according to
IEC|60695-11-20

3.3.4.2.2

5VB class material
matgrial tested in the thinnest significant thickness-dUsed and classified 5VB according to
IEC|60695-11-20

3.3.4.2.3

HB40 class material
matgrial tested in the thinnest significant“thickness used and classified HB40 according to
IEC|60695-11-10

3.3.4.24

HB75 class material
matgrial tested in the thinnest’significant thickness used and classified HB75 according to
IEC|60695-11-10

3.3.4.2.5
HBF class foamed material

foamed material.tested in the thinnest significant thickness used and classified HBF accorfling
to 1$0 9772

3.3.4.2.7

HF-2 class foamed material

foamed material tested in the thinnest significant thickness used and classified HF-2
according to ISO 9772

3.3.4.2.8

V-0 class material

material tested in the thinnest significant thickness used and classified V-0 according to
IEC 60695-11-10
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3.3.4.2.9

V-1

class material

material tested in the thinnest significant thickness used and classified V-1 according to

IEC

60695-11-10

3.3.4.2.10

V-2

class material

material tested in the thinnest significant thickness used and classified V-2 according to

IEC

3.3.

60695-11-10

4.2 11

L T

VTM-0 class material

matgrial tested in the thinnest significant thickness used and classified VTM-0 accordinpg to
ISO|9773

3.3.4.2.12

VTN-1 class material

matgrial tested in the thinnest significant thickness used and classified' VTM-1 according to
ISO|9773

3.3.4.2.13

VTNI-2 class material

matgrial tested in the thinnest significant thickness used, and’ classified VTM-2 accordinpg to
ISO|9773

3.3.p Insulation

3.3.p.1

basjc insulation

insulation to provide a basic safeguard against electric shock

[IEM 195-06-06, modified]

NOTE This concept does not apply to insulation used exclusively for functional purposes.

3.3.p.2

double insulation

insylation comprising both basic insulation and supplementary insulation

[IEV 195-06-08]

3.3.p.3

fun¢tionalhinsulation

insylation ;between conductive parts which is necessary only for the proper functioning of| the
equ|pment

3.3.54

reinforced insulation

single insulation system that provides a degree of protection against electric shock equivalent

tod

ouble insulation

3.3.5.5

soli

d insulation

solid insulating material interposed between two conductive parts or between a conductive

part

and a body part

[IEC 60664-1:2007, 3.4, modified]
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3.3.5.6
supplementary insulation

independent insulation applied in addition to basic insulation to provide a supplementary

safeguard for fault protection against electric shock

[IEV 195-06-07 modified]

3.3.6 Miscellaneous

3.3.6.1
accessible

toughable by a body part

NOTE A body part is represented by one or more of the probes specified in Annex V.

3.3.p.2
chepsecloth
bledched cotton cloth of approximately 40 g/m2

NOTE Cheesecloth is a coarse, loosely woven cotton gauze, originally used for wrapping cheese.

3.3.p.3

disgonnect device

megns to electrically disconnect equipment from the mains that, in the open position comy
withl the requirements specified for the isolating function

3.3.6.4

noni-detachable power supply cord

flexible supply cord affixed to or assembled withthe equipment and that cannot be remg
withiout the use of tools

3.3.p.5
polllution degree
numnjeral characterising the expected pollution of the micro-environment

3.3.p.6
resfricted access area

lies

ved

areq accessible only, to skilled persons and instructed persons with the proper

authorization

[IEV 195-04-04 modified]

3.3.p.7

roufine test

test| to which each individual device is subjected during or after manufacture to asce
whethérit complies with certain criteria

tain

[IEC 60664-1:2007, 3.19.2]

3.3.6.8
sampling test
test on a number of devices taken at random from a batch

[IEC 60664-1:2007, 3.19.3]

3.3.6.9
tool
an object that can be used to operate a screw, latch or similar fixing means

NOTE Examples of tools include coins, tableware, screwdrivers, pliers, etc.
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6.10

touch current
electric current through a human body when a body part touches two or more accessible
parts or one accessible part and earth

3.3.

6.11

type test
test on a representative sample with the objective of determining if, as designed and
manufactured, it can meet the requirements of this standard

49

3-3-c LI =)
wraEping tissue
tissyie between 12 g/m2 and 30 g/m?

NOT

E  The wrapping tissue is soft, thin, usually translucent paper used for wrapping delicate articles.

[1ISQ 4046-4:2002, definition 4.215 modified]

3.3.
3.3.

tem

faul

NOT
NOT

NOT

3.3.

7 Operating and fault conditions

7.1

orary operating condition that is not a normal operating.condition and is not a single

abnErmaI operating condition

condition of the equipment itself

E 1 Abnormal operating conditions are specified in Clause\B.3.
E 2 An abnormal operating condition may be introduced by the equipment or by a person.

F 3 An abnormal operating condition may result in'a failure of a component, a device or a safeguard.

7.2

intermittent operation

ope

ration in a series of cycles, each\composed of a period of operation followed by a pe

with| the equipment switched off orrunning idle

3.3.

7.3

nonl-clipped output power
singd wave power dissipated in the rated load impedance, measured at 1 000 Hz at the o

of c

3.3.
nor

ipping on either ene*or both peaks

7.4
mal operating condition

mode of operation that represents as closely as possible the most severe conditions of no

use

NOTE

that-can reasonably be expected

riod

hset

mal

Unlace aotharwica ctatad tha maoct caovara canditione of normal o ara tha moct tinfaovaiirahla Add
i tHEeHAH tatea—th i t e+t ReHHeRS —ReHar o t+H i t—tHa-euHaot =

fault

values as specified in Clause B.2.

3.3.
ove

7.5
rload condition

an abnormal operating condition or single fault condition where the load stresses the
equipment or circuit beyond normal operating conditions, but does not, immediately, result

in a

3.3.
pea

non-operating state

7.6
k response frequency

test frequency that produces the maximum output power measured at the rated load
impedance

NOT

E The frequency applied should be within the amplifier/transducer’s intended operating range.
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3.3.7.7

rated load impedance
impedance or resistance, specified by the manufacturer, in the user instructions or marked on
the equipment, by which an output circuit should be terminated

3.3.

7.8

reasonably foreseeable misuse
use of a product, process or service in a way not intended by the supplier, but which may
result from readily predictable human behaviour

[ISO/IEC Guide 51, definition 3.14]

3.3.

7.9

shofrt-time operation

ope
equ
equ

3.3.
sin
faul

ration under normal operating conditions for a specified period, starting ‘when
pment is cold, the intervals after each period of operation being sufficient to allow
pment to cool down to room temperature

7.10
le fault condition

under normal operating condition of a single safeguard (but not a reinfon

saf¢guard) or of a single component or a device

3.3.

3.3.
ins

pers
resy
sou

Persons

A

ructed person

on instructed or supervised by a skilled person as to energy sources and who
onsibly employ equipment and precautionary safeguards with respect to those en
ces

[IEV 826-18-02, modified]

NOT
othe

3.3.
ord

E  Supervised, as used in the definition, means having the direction and oversight of the performan
S.

B.2
nary person

pergon who is neither_a-skilled person nor an instructed person

[IEVf 826-18-03]

3.3.
skil

B.3
ed person

pergon with relevant education or experience to enable him or her to avoid dangers an
redyceithe likelihood of risks that may be created by the equipment

the
the

ced

can
Ergy

e of

[IEV 826-18-01, modified]

3.3.
3.3.

9 Potential ignition sources

9.1

potential ignition source

PIS

location where electrical energy can cause ignition

3.3.

9.2

arcing PIS
location where an arc may occur due to the opening of a conductor or a contact
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NOTE 1 An electronic protection circuit or additional constructional measures may be used to prevent a location
from becoming an arcing PIS.

NOTE 2 A faulty contact or interruption in an electric connection that may occur in conductive patterns on printed
boards is considered to be within the scope of this definition.

3.3.9.3
resistive PIS
location where a component may ignite due to excessive power dissipation

3.3.10 Ratings

3.3J10.1
rated current

inpyt current of the equipment as declared by the manufacturer at normal (operating
conditions

3.3./10.2
ratgd frequency
supply frequency or frequency range as declared by the manufacturer,

3.3./10.3

rated power
inpyt power of the equipment as declared by the mandfacturer at normal operating
conditions

3.3.10.4

rated voltage
valye of voltage assigned by the manufacturer. 10"a component, device or equipment and to
whi¢h operation and performance characteristics are referred

[IEG 60664-1, definition 3.9]

NOTE 1 Equipment may have more than oneirated voltage value or may have a rated voltage range.

NOTE 2 For three-phase supply, thesphasSe-to-phase voltage applies.

3.3.110.5

rated voltage range
supply voltage range as\declared by the manufacturer expressed by its lower and upper rated
voltages

3.3.110.6

protective current rating
rating of ap~overcurrent protective device that is in the building installation or in the equipment
to protectia circuit

3.3.11 Safeguards

3.3.111

basic safeguard

safeguard that provides protection under normal operating conditions and under abnormal
operating conditions whenever an energy source capable of causing pain or injury is
present in the equipment

3.3.11.2
double safeguard
safeguard comprising both a basic safeguard and a supplementary safeguard
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3.3.11.3
equipment safeguard
safeguard that is a physical part of the equipment

3.3.11.4
installation safeguard
safeguard that is a physical part of a man-made installation

3.3.11.5
instructional safeguard

3.3.11.6
personal safeguard
personal protective equipment that is worn on the body

3.3.11.7

pre¢autionary safeguard
insfructed person behaviour to avoid contact with or exposure to-a class 2 energy solirce
based on supervision or instructions given by a skilled person

3.3.111.8

protective bonding conductor
protective conductor in the equipment, or a combination of conductive parts in|the
equ|pment, connecting a main protective earthing terminal to a part of the equipment that is
reqyired to be earthed for safety purposes

3.3.111.9
protective conductor
conductor provided for the purposes of safety (for example, protection against electric shogk)

[IEV| 195-02-09]
NOTE A protective conductor is either a protective earthing conductor or a protective bonding conductpr.

3.3./11.10

protective earthing conductor
protective conductor/connecting a main protective earthing terminal in the equipment t¢ an
earth point in the building installation for protective earthing

[IEV 195-02-11, modified]

3.3.1111
reinforced safeguard
single safeguard that is operafional under:

— normal operating conditions,

— abnormal operating conditions, and
— single fault conditions

3.3.11.12

safeguard

physical part or system or instruction specifically provided to reduce the likelihood of pain or
injury, or, for fire, to reduce the likelihood of ignition or spread of fire

NOTE See 0.5 for further explanation of a safeguard.
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11.13

safety interlock
means to automatically change an energy source to a lower class energy source prior to the
potential for transfer of the higher energy to a body part

3.3.
skil

11.14
| safeguard

skilled person behaviour to avoid contact with or exposure to a class 2 or class 3 energy
source based on education and experience

14 _4E

3-3- LI | LI 4
sup}wlementary safeguard
safeguard applied in addition to the basic safeguard that is or becomes operational*in

eve

3.3.
3.3.

nt of failure of the basic safeguard

12 Spacings
12.1

clegrance

sho

test distance in air between two conductive parts

[IEQ 60664-1:2007, definition 3.2]

3.3.

12.2

cre¢page distance

sho

test distance along the surface of an insulating ntaterial between two conductive parts

[IEG 60664-1:2007, definition 3.3, modified]

3.3.
3.3.

ope

3.3.

13 Temperatures and controls

13.1
highest charging temperature
highest allowable temperature measured at the surface of a battery during the char
ration
13.2
st charging temperature

low
low
ope

3.3.
tem
dev
con

NOT

3.3.

st allowable temperature measured at the surface of a battery during the char
ration

13.3

perature_limiter

ce forMimiting the temperature of a system, either below or above a particular valug
rolling, either directly or indirectly, the flow of thermal energy into or out of the system

the

hing

jing

, by

E A temperature limiter may be of the automatic reset or of the manual reset type.

13.4

thermal cut-off
device for limiting the temperature of a system, under single fault conditions, by controlling,
either directly or indirectly, the flow of thermal energy into or out of the system

NOT

3.3.

E A thermal cut-off may be one-time operation or manual reset type.

13.5

thermostat
device for maintaining the temperature of a system within a range by controlling, either

dire

ctly or indirectly, the flow of thermal energy into or out of the system
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14 Voltages and currents
14.1
voltage

average value of a voltage having a peak-to-peak ripple not exceeding 10 % of the average
value

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

3.3.
mai

14.2

ps-transient-voltage

highest peak voltage expected at the power input to the equipment, arising from extJrnaI

tran

3.3.

Sients on the mains

14.3

maximum charging current

upp

NOT
char

3.3.
pea
pea
imp

3.3.

br limit of charging current per cell while the battery is charged

E The maximum charging current may be defined for each standard chargittg temperature range
jing temperature range and high charging temperature range.

14.4
k working voltage

value of the working voltage, including any d.c. component and any repetitive ¢
ilses generated in the equipment

14.5

progpective touch voltage

volt
not

3.3.
pro

hge between simultaneously accessible conductive parts when those conductive parts
being touched

14.6
ective conductor current

current flowing through the protective earthing conductor under normal opera

con
NOT
3.3.

req
pea

3.3.
r.m
the

NOT

ditions
E  Protective conductor current was previously included in the term "leakage current".

14.7
hired withstand voltage
voltage thaf\the insulation under consideration is required to withstand

14.8
s. working voltage
fra€ r.m.s. value of the working voltage

low

eak

are

ting

E 1 True r.m.s. measurement includes any d.c. component of the waveform.

NOTE 2 The resultant r.m.s. value of a waveform having an a.c. r.m.s. voltage 4 and a d.c. offset voltage B is
given by the following formula:

3.3.

r.m.s. value = (42 + B2 )12

14.9

upper limit charging voltage
maximum allowed voltage per cell while the battery is being charged, as specified by the
manufacturer of the cell

NOTE A different value of the charging voltage upper limit may be defined for each standard charging
temperature range, low charging temperature range and high charging temperature range.
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14.10

working voltage
highest voltage across any particular insulation that can occur when the equipment is supplied
at rated voltage or any voltage in the rated voltage range under normal operating

con

ditions

[IEC 60664-1, defnition 3.5, modified]

NOT

3.3.

3.3.

E External transients are disregarded.

15 Classes of equipment with respect to protection from electric shock

15.1

clags | equipment

equ
but
con

pment in which protection against electric shock does not rely on basic insulation g
that includes a supplementary safeguard in such a way that means are provided for
hection of accessible conductive parts to the protective earthing conductor in the f

wiring of the installation in such a way that accessible conductive parts cannot become
in the event of a failure of the basic insulation

NOT

For equipment intended for use with a flexible cord or cable, this ¢(pravision includes a prote

conc_uctor as part of the flexible cord or cable.

3.3.

15.2

clags Il construction

part]

insulation or reinforced insulation

[IEQ 60335-1, 3.3.11, modified]

3.3.

15.3

clags Il equipment

equ
but

pment in which protection against electric shock does not rely on basic insulation ¢
n which a supplementary safeguard is provided, there being no provision for proteg

earthing or reliance upon installation conditions

3.3.

15.4

clags lll equipment

equ
whi

pment in which pretection against electric shock relies upon supply from ES1 an
h ES3 is not generated

[IEG 60950-1, 1.2.4:3, modified]

3.3.

3.3.
con

16 Chemical terms

16.1

nly,
the
xed
live

Ctive

of an equipment for which protection against €lectric shock relies upon double

nly,
tive

|sumable material

material that is used by the equipment in performing its intended function, and intended o be
periodically or occasionally replaced or replenished, including any material that has a life
expectancy less than that of the equipment

3.3.
exp

16.2
losion

chemical reaction of any chemical compound or mechanical mixture that, when initiated,
undergoes a very rapid combustion or decomposition, releasing large volumes of highly
heated gases that exert pressure on the surrounding medium

NOTE Explosion can also be a mechanical reaction in which failure of the container causes sudden release of
pressure, and the contents, from within a pressure vessel. Depending on the rate of energy release, an explosion
can be categorized as a deflagration, a detonation or pressure rupture.
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3.3.16.3

explosive

substance or mixture of substances that can undergo a rapid chemical change with or without
an outside source of oxygen, generating large quantities of energy generally accompanied by
hot gases

3.3.16.4

hazardous chemical

chemical, having a risk phase or equivalent as provided in the specifications for human health
aspects, that can be in the form of a solid, powder, liquid or gas

NOTE Dust and other particulate materials can also be hazardous chemicals depending on their composition
and potential for interaction with the human body.

3.3.116.5

personal protective equipment
PPE
pergonal safeguard, typically worn on the body, that reduces the known exposure of a pefson
to a|class 3 energy source

NOTE Examples of PPE include shields, goggles, gloves, aprons, face masks or breathing apparatus.

4 |[General requirements

4.1 General

41 Application of requirements and acceptance of materials, components and
subassemblies

Requirements are specified in the relevant.clauses and, where referenced in those clauses, in
the relevant annexes.

Where compliance of materials, components or subassemblies is demonstrated by inspectfion,
such compliance may be by review-of published data or previous test results.

Conmpponents and subassemblies that comply with IEC 60950-1 or IEC 60065 are acceptable
as n;l:art of equipment covered by this standard without further evaluation other than to pive
consideration to the appropriate use of the component or subassembly in the end-product.

NOTE This paragraph-will be deleted in a future version of the standard. It is added here to allow a snjooth
trangition from IEC%6Q950-1 and IEC 60065 to this standard.

4.1.p Use of components

Unlg¢ssistated otherwise, where the component or a characteristic of a component [s a
safe%—hh_n_l_rm_m—t_r‘rrﬁﬁ_rﬁguar , components shall comply either wi € requirements of this standard or with the

safety aspects of the relevant IEC component standards.

NOTE 1 An IEC component standard is considered relevant only if the component in question clearly falls within
its scope.

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 I[EC 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
relevant IEC component standard;
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— acomponent that has not been demonstrated to comply with a relevant standard as above
shall be subjected to the applicable tests of this standard, as part of the equipment, and to
the applicable tests of the component standard, under the conditions occurring in the
equipment;

NOTE 2 The applicable test for compliance with a component standard is, in general, conducted separately.

— where no relevant IEC component standard exists, or where components are used in
circuits not in accordance with their specified ratings, the components shall be tested
under the conditions occurring in the equipment. The number of samples required for test
is, in general, the same as required by an equivalent standard.

4.1.8 Equipment design and construction
Equipment shall be so designed and constructed that, under normal operating conditions
(seg Clause B.2), abnormal operating conditions (see Clause B.3), and (single fault

conditions (see Clause B.4), safeguards are provided to reduce the likelihood\of"injury o, in
the pase of fire, property damage.

NOTE Under normal operating conditions, the safeguards specified in this standard may or may not prg¢vent
pain|depending on the person and the operating condition of the equipment.

Par{s of equipment that could cause injury shall not be accessible, and accessible parts
shall not cause an injury.

Foran ordinary person or an instructed person, the adjistment of a control shall not dgfeat
an gquipment safeguard.

Compliance is checked by inspection and by the relevant tests.

4.1.4 Equipment installation

The| equipment evaluation according to this standard shall take into account manufactufers’
instfuctions with regard to installation;relocation, servicing and operation, as applicable.

4.1.6 Constructions not specifically covered
Where the equipment involves technologies and materials or methods of construction| not

spegifically covered in this standard, the equipment shall provide safeguards not less fhan
that|generally afforded:by this standard and the principles of safety contained herein.

NOTE The need for additional detailed requirements to cope with a new situation should be brought prompfly to
the gttention of thetappropriate committee.

4.1.6 Orientation during transport and use

Wherelit is clear that the orientation of use of equipment is likely to have a significant effect
on ?Wmmﬁed
in the installation or user instructions shall be taken into account. In addition, for
transportable equipment, all orientations of transport shall be taken into account.

4.1.7 Choice of criteria

Where the standard indicates a choice between different criteria for compliance, or between
different methods or conditions of test, the choice is specified by the manufacturer.

4.1.8 Conductive liquids

For the electrical requirements of this standard, conductive liquids shall be treated as
conductive parts.
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4.1.9 Electrical measuring instruments

Electrical measuring instruments shall have adequate bandwidth to provide accurate
readings, taking into account all components (d.c., mains frequency, high frequency and
harmonic content) of the parameter being measured.

If an r.m.s. value is measured, care shall be taken that the measuring instrument gives a true
r.m.s. reading of non-sinusoidal waveforms as well as sinusoidal waveforms.

Measurements are made with a meter whose input impedance has minimum influence on the

measurement

4110 Temperature measurements

Unlgss stated otherwise, where the result of a test is likely to depend upaon‘the amHient
temperature, the manufacturer’s specified ambient temperature range of the.equipment (I3
shall be taken into account. When performing the test at a specifie;;ambient (Tf,,),
extrapolation (above and below) the results of the test may be used to consider the impagt of
Tmal On the result. Components and subassemblies may be considered separately from|the
equ|pment if the test results and extrapolation is representative of the-whole equipment bging
so tested. Relevant test data and manufacturer’s specifications may be examined in ordgr to

detdgrmine the effect of temperature variability on a component,or subassembly (see B.1.7].

4.1.11 Steady state conditions

Steady state conditions are those conditions when thermal equilibrium is considered to gxist
(seq B.1.7).

4.1.12 Hierarchy of safeguards

Safeguards that are required for ordinary persons are acceptable, but may not be required,
for jnstructed persons and skilled persons. Likewise, safeguards that are required for
insfructed persons are acceptable, but may not be required, for skilled persons.

A rIinforced safeguard may be used in place of a basic safeguard or a supplementary
safeguard or a double safeguard. A double safeguard may be used in place ¢f a
reinforced safeguard.

Safeguards other than equipment safeguards may be specified in specific clauses |(for
example, see 8.4.1,.8.5.1 and Table 42).

4.1.13 Examples mentioned in the standard

WhTre examples are given in this standard, other examples, situations, and solutions are| not
excluded.

4.1.14 Tests on parts or samples separate from the end-product

If a test is conducted on a part or sample separate from the end-product, the test shall be
conducted as if the part or sample was in the end-product.

4.1.15 Markings and instructions
Equipment that is required by this standard to

— bear markings, or
— be provided with instructions, or

— be provided with instructional safeguards
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I meet the relevant requirements of Annex F.

E In Finland, Norway and Sweden, class | pluggable equipment type A intended for connection to other
equipment or a network shall, if safety relies on connection to reliable earthing 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.

Energy source classifications

1 Class 1 energy source

Unl N fred—art | . "

clasls 1 limits under

and

hormal operating conditions and

abnormal operating conditions that do not lead to a single fault condition,

not exceeding class 2 limits under single fault conditions.

Under normal operating conditions and abnormal operating conditions, the energy
clags 1 source, in contact with a body part, may be detectable, but'is-hot painful nor is it li

toc

puse an injury. For fire, the energy in a class 1 source is naot likely to cause ignition.

Under single fault conditions, a class 1 energy source, under contact with a body part,
be painful, but is not likely to cause injury.

4.2

cla

abn

und

7] Class 2 energy source

Unlg¢ss otherwise specified, a class 2 sourceis an energy source with levels excee
s 1 limits and not exceeding class 2dlimits under normal operating conditilTns,

rmal operating conditions, or single_fault conditions. The energy in a class 2 so
br contact with a body part, may be painful, but is not likely to cause an injury. For fire

ding

in a
kely

may

Hing

rce,
the

enefgy in a class 2 source can causeiignition under some conditions.
4.2.3 Class 3 energy source
A cl|ass 3 source is an energy source with levels exceeding class 2 limits under nornmal

opefrating conditions, abnormal operating conditions, or single fault conditions, or

ene

gy source declared:to be a class 3 source. The energy in a class 3 source, under cor

withl a body part, iseapable of causing injury. For fire, the energy in a class 3 source

cau

4.2.

be ignition and the spread of flame where fuel is available.

@ Energy source classification by declaration

The| manufacturer may declare a class 1 energy source to be either a class 2 energy so
or alclass 3 energy source.

any
tact
may

irce

The manufacturer may declare a class 2 energy source to be a class 3 energy source.

Safeguards shall be applied according to the declared class.

A neutral conductor is declared a class 3 electrical energy source.

A protective conductor is a class 1 electrical energy source and cannot be declared a higher
class energy source.
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4.3 Protection against energy sources
4.31 General

This subclause specifies protection requirements for ordinary persons, instructed persons,
and skilled persons.

The terms "persons”, "body", and "body parts" are represented by the accessibility probes of
Annex V.

4.3.

on

4.3p.1 Safeguards between a class 1 energy source and an ordinary person

No safeguards need be interposed between a class 1 energy source and an ordinary person
(seq Figure 9). Consequently, a class 1 energy source may be accessible to an ordipary
person.

Class 1 Ordinary
energy person
source

Figure 9 — Model for protection of an ordinary personjagainst a class 1 energy source

4.3.2.2 Safeguards between a class 2 energysource and an ordinary person

During normal operating conditions at ledst’one basic safeguard shall be interpgsed
between a class 2 energy source and an ordinary person (see Figure 10).

Class 2 safBeasli(a:rd Ordinary
energy 9 person

source

Figure 10 — Model forprotection of an ordinary person against a class 2 energy soufce

4.3p.3 Safeguards between a class 2 energy source and an ordinary person during
ordinary person servicing conditions

If grdinary( person servicing conditions require a basic safeguard to be removed or
defgated,<an instructional safeguard as described in Clause F.5 shall be provided |and
locqted,in’ such a way that an ordinary person will see the instruction prior to removing or
defqating the equipment basic safeqguard (see Figure 11).

The instructional safeguard (see Clause F.5) shall include all of the following:

identify parts and locations of the class 2 energy source;

— specify actions that will protect persons from that energy source; and

— specify actions to reinstate or restore the basic safeguard.

If ordinary person servicing conditions require a basic safeguard to be removed or
defeated, and where the equipment is intended for use in the home, an instructional

safeguard (see Clause F.5), directed towards adults, shall warn against removing or
defeating the basic safeguard by children.
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Removed or
Class 2 defeated

. Instructional Ordinary
energy : safeguard person
source

safeguard

Figure 11 — Model for protection of an ordinary person against a class 2 energy
source during ordinary person servicing conditions

4.3.2.4 Safeguards between a class 3 energy source and an ordinary person

An lequipment basic safeguard and an equipment supplementary safeguard. (doyible
safeguard) or an equipment reinforced safeguard shall be interposed between'a claps 3
enefgy source and an ordinary person (see Figure 12).

Class 3 Equiprpent Equipment Ordinary
energy basic supplementary ferson
source safeguard safeguard

Figure 12 — Model for protection of an ordinary person against a class 3 energy soufce

4.3.8 Protection of an instructed person
4.3.8.1 Safeguards between a class 1 energy source and an instructed person
No [safeguards need be interposed between<a class 1 energy source and an instru¢ted

person. Consequently, a class 1 energy source may be accessible to an instructed person
(seq Figure 13).

Class 1 Instructed
energy person
source

Figure\13 — Model for protection of an instructed person
against a class 1 energy source

4.3.B.2 Safeguards between a class 2 energy source and an instructed person

During instructed person servicing, the equipment safeguards against a class 2 engrgy
source, May be removed or defeated. In this case, an instructed person is presumed to|use
pre¢aution as a safeguard against a class 2 energy source (see Figure 14).

Class 2 Precautionary Instructed
energy safeguard person
source

Figure 14 — Model for protection of an instructed person
against a class 2 energy source

4.3.3.3 Safeguards between a class 3 energy source and an instructed person

An equipment basic safeguard and an equipment supplementary safeguard (double
safeguard) or a reinforced safeguard shall be interposed between a class 3 energy source
and an instructed person (see Figure 15).
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Class 3 Equipment Equipment Instructed
energy ‘ basic supplementary person
source safeguard safeguard

Figure 15 — Model for protection of an instructed person
against a class 3 energy source

4.3.4 Protection of a skilled person

4.3.[.1 Safeguards between a class 1 energy source and a skilled person

No safeguard need be interposed between a class 1 energy source and a skilled person
(seq Figure 16).

Class 1 Skilled
energy person
source

-m

gure 16 — Model for protection of a skilled person against.a class 1 energy sourde

4.3.|4.2 Safeguards between a class 2 energy source and a skilled person
n

During skilled person servicing, the equipment safegtiards against a class 2 energy solrce
may| be removed or defeated. In this case, a skilled' person is presumed to use skill as a
safeguard against a class 2 energy source (see-Rigure 17).

Class 2

Skill |:> Skilled
energy ‘ safeguard person

source

-

gure 17 — Model for protection of a skilled person against a class 2 energy sourde

4.3.|4.3 Safeguards between a class 3 energy source and a skilled person
n

During skilled person’servicing, the equipment safeguards against a class 3 energy sotrce
may| be removed or defeated. In this case, a skilled person is presumed to use skill &s a
safeguard against a class 3 energy source (see Figure 18).

Class 3 Skill |:> Skilled
energy - safeguard person
source

\ 7 A\ J o

Figure 18 — Model for protection of a skilled person against a class 3 energy source

4.3.4.4 Safeguards between class 3 energy sources and a skilled person during
equipment servicing conditions

During equipment servicing conditions on a class 3 energy source, an equipment safeguard
intended to reduce the likelihood of injury due to an involuntary reaction shall be interposed
between:

— another class 3 energy source, not undergoing service and in the same vicinity as the
class 3 energy source being serviced; and

— a skilled person (see 0.5.7 and Figure 19).
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Another

Skill Skilled Equipment class 3
safeguard person safeguard - energy
source

Figure 19 — Model for protection of a skilled person against class 3 energy
sources during equipment servicing conditions

Class 3
energy

source

4.3.5 Safeguards in a restricted access area

Cerfain equipment is intended for installation exclusively in restricted access areas,. 3
equ|pment shall have safeguards as required in 4.3.3 for instructed persons and 4.3
skilled persons.

4.4| Safeguards

441 General

Thigd subclause specifies composition, accessibility and robusthéss requirements
safeguards.

4.4p Equivalent materials or components

Where the standard specifies a particular safeguard parameter, such as thermal clas
insylation or material flammability class, a safeguard with a better parameter may
employed.

NOTE For a hierarchy of the material flammability classes see Table S.1, Table S.2 and Table S.3.

4.4,

¢ Composition of a safeguard

uch
for

for

of
be

|2}

A spafeguard may be comprised of a single element, or may be comprised of two or more
elements.

4.4,

4.4.4.

E Accessible parts of asafeguard
1

General

Where a solid safeguard is accessible to an ordinary person or to an instructed pers
only the side of the~safeguard opposite to the energy source may be accessible.

Re
do

4.4,

uirements_for basic safeguards and supplementary safeguards, if they are elemen
ble safeguards, may be interchanged.

|4.2 Accessible parts of a basic safeguard

bon,

s of

With respect to a class 2 energy source, the side of the basic safeguard opposite to the

ene

rgy source may be accessible to an ordinary person (see Figure 20).
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Class 2 Balsic Ordinary
energy safeduard person

source

: | .
Inaccessible | Accessible
parts of the T parts of 1he
safeguard safeguard

Figure 20 — lllustration of accessible and inaccessible parts of a basic safeguard

4.44.3 Accessible parts of supplementary and reinforced safeguards

With respect to a class 3 energy source, the side of the supplementary safeguard oppgsite
to the energy source may be accessible to an ordinary person of-an instructed person;
however, the basic safeguard shall not be accessible to an @rdinary person or tq an
insfructed person (see Figure 21).

|
Supplemen-

Class 3 Basic Ordinary or
tdry ;
energy - safeguard |:> safe#uard |:> instructed

e

person

Inaccessible parts Accessible
ofthe safeguard ! parts of the
system safeguard
Figure«21 — lllustration of accessible and inaccessible parts

of a supplementary safeguard

With respect to,a‘class 3 energy source, the side of the reinforced safeguard opposite td the
enefgy sourcé. may be accessible to an ordinary person or an instructed person (see
Figdre 22).

I
Reinforced
safequard

Class 3
energy

Ordinary or
instructed

source person

\—V—/I\—\,—/
:
Inaccessible | Accessible
parts of the | parts of the

safeguard safeguard

Figure 22 — lllustration of accessible and inaccessible parts of a reinforced safeguard


https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

62368-1 © IEC:2010(E) -59 -

4.4.5 Safeguard robustness

Where a solid safeguard (for example, solid insulation, earthed metal, etc.) is accessible to
an ordinary person or to an instructed person, the safeguard shall comply with the
mechanical strength test specified in Annex T for that safeguard, as applicable.

A solid safeguard that has no accessible parts need not comply with the mechanical strength
test provided that an accessible barrier or enclosure that prevents access to the safeguard
by an ordinary person or by an instructed person complies with the mechanical strength

test

specified in Annex T for that safeguard.

If a
shri

safeguard function. See Clause T.8 for stress relief conditioning and Annex V

detd

Oth

4.4,

Wh
sha
com

4.5

4.5.

Expllosion can be caused by

NOT
rupty

NOT
follo

For

4.5.

safeguard is of thermoplastic material, the safeguard shall be so constructed that

rmination of accessibility.
br mechanical strength tests are specified in the various clauses.

b Air comprising a safeguard

| prevent displacement of the air by a body part or a conductive part. The barrier s
ply with the mechanical strength test specified in Annex‘¥,,as applicable.

Explosion

1 General

chemical reaction,

mechanical deformation of a sealed’container,

apid combustion or decomposition, producing a large volume of hot gas,
nigh pressure,

nigh temperature.

F 1 Depending on thevenergy rate, explosion can be categorized as a deflagration, a detonation, or pres
re.

E 2 An ultracapacitor (for example, a double layer capacitor) is a high energy source and can exf
ving overcharging and high temperature.

requirements regarding explosion of batteries, see Annex M.

A Requirements

any

hkage or distortion of the material due to release of internal stresses shall not defedt its

for

re a safeguard is comprised of air (for example, a clearance), a barrier or enclogure

hall

sure

lode

During normal operating conditions and abnormal operating conditions, an explosion
shall not occur.

During single fault conditions, the equipment shall comply with the relevant parts of
Clause 6 and Clause 8.

4.5.3 Compliance

Compliance is checked by inspection and tests as specified in Clauses B.2, B.3 and B.4.
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5 Electrically-caused injury

5.1 General

To reduce the likelihood of painful effects and injury due to electric current passing through
the human body, equipment shall be provided with the safeguards specified in this clause.

5.2 Classification and limits of electrical energy sources

5.21 Electrical energy source classifications

5.2.11.1 ES1
ES1 is a class 1 electrical energy source with levels not exceeding ES1 limits under

— hormal operating conditions, and

— abnormal operating conditions that do not lead to a single fault condifion,

and|not exceeding ES2 limits under single fault conditions.

NOTE ES1 may be accessible to an ordinary person.
5.2.1.2 ES2
ES2Zis a class 2 electrical energy source with levels not exceeding ES2 limits under

— hormal operating conditions,
- Ebnormal operating conditions, and

ingle fault conditions,

bu

—

s not ES1.

NOTE ES2 may be accessible to an instructed person.
5.2.1.3 ES3

ES3 is a class 3 electrical_energy source with levels exceeding ES2 limits under normal
operating conditions, abnormal operating conditions or single fault conditions.

NOTE 1 The energy in ES3 may cause harmful physiological effects under contact with a body part.

NOTE 2 Parts and-circuits classed ES3 may be accessible to a skilled person.

All ¢urrentscarrying conductors of an a.c. mains circuit, including the neutral, are declared
ES3J.

Conductive parts may be classed ES3 without measurement or evaluation.

5.2.2 ES1, ES2 and ES3 limits
5.2.2.1 General

This subclause specifies the parameters and their magnitudes for electrical energy sources
ES1, ES2 and ES3.

The limits specified in this subclause are with respect to earth or with respect to an
accessible part.
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Figure 23 - lllustration that shows that ES limits depend on both voltage and current
As illustrated in Figure 23, for ES1 and ES2, for any voltage up to the_limit voltage, there is no

limit

voltage. However, for ES1 and ES2, in no case can both the current.limit and the voltage

be ¢

for ES1, but do not exceed the limits for ES2. ES3 is any souree where both the voltage

and
(seq

5.2.p.2 Steady-state voltage and current limits

An Eglectrical energy source class is determined from both the available voltage and
avallable current (see Table 4, Table 5 and Table 6).

The
me3

NOTE The current limits are derived from IEC/TS 60479-1:2005:

for the current. Likewise for any current up to the limit current,‘there is no limit for]

xceeded. ES2 is an energy source where both the voltage and current exceed the li

the
imit

Mmits

imit

current limit exceed ES2. Voltage limits in this figurecdehot apply to charged capacitors

5.2.2.3).

values are the maximum that can be‘delivered by the source for 2 s or more. Currents
sured according to 5.7.

— d.c. limits are from Figlre 22;

— a.c. limits are fromyFigure 20.

Table 4 — Electrical energy source limits for d.c. and low frequency a.c. currents

the

are

Energy source ES1 limit ES2 limit ES3
DC 2 mA 25 mA
AC up to 1 kHz 0,5 mA r.m.s. 5mAr.m.s.
0,707 mA peak 7,07 mA peak Greater
Igo MA | Iog MATmsS. tha;p I?tSZ
. 2 05 m
Combined a.c. and .
d.c. See Figure 24
I4c MA N I, MA peak <1
2 0,707

Peak values are to be used for non-sinusoidal current.

The current limits are derived from IEC 60479-1 for dry conditions.
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30

O
4 Q/O 5 6
Lc (MA) g\\
®)
Figure 24 — Maximum values for combin@g.c. current and d.c. current

ES2 limit curve is based on the following f@\®4‘\|la:

Z
5,104 x 6 M8 ) 0097 > 1,

W

xO

¢ iS the measured a.c. c‘u@Ent within the range of 0 mA to 5 mA;

4c iS the measured d.cQ:}\rrent within the range of 0 mA to 25 mA.

Table 5 - EIectr'@“.nergy source limits for d.c. and low frequency a.c. voltages

~

)
Ena@&ource ES1 limit ES2 limit ES3
Q‘ DC 60 V 120 v
‘\
Q/Ca 30 Vr.m.s. 50 Vr.m.s.
\ AC up to 1 kHz 42 4 \/ neak 70 7\ neak Greater than
" r " r ESZTimit
Combined a.c.
voltage and d.c. Uge V + Uge Vr.m.S. <1 See Figure 25
voltage 60 30

Peak values are to be used for non-sinusoidal voltage.
The voltage limits are derived from IEC/TS 61202-1:2000 for dry conditions.
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140

120

100
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Uge (V)

40
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Uac (V)

Q/O

Figure 25 — Maximum values for combined a. é\loltage and d.c. voltage

The|ES2 limit curve is based on the following form@o

N

51,746 xe (0020l 1,746 2 U,
)

whelre $
NS

/¢ is the measured a.c. volt within the range of 0 V to 50 V r.m.s.
/4 is the measured d.c. v&lt-age within the range of 0 V to 120 V.

Table 6 @!ectrlcal energy source limits for medium and
@ high frequency voltage and current
N

Energy smcpb ES1 limit ES2 limit ES3
(§ .
1 kHz u Voltage 30Vrm.s. +0,4xf 50Vrm.s. +0,9xf
Greater than
10,9 Current 0,5 mArm.s. x f 5mArm.s. +0,95xf
\J ES2 limit
{Q Voltage 70V r.m.s. 140 V r.m.s.
bQ 100 kHz
Currert 5OTA TS OO mATTITS:

For non-sinusoidal waveforms and for signals having multiple frequencies, use Figure 4 or 5 of IEC 60990:1999
as applicable to measure the value of the current.
fis in kHz.

5.2.2.3 Capacitance limits

Where the electrical energy source is a capacitor, the energy source is classified from both
the charge voltage and the capacitance.

The capacitance is the rated value of the capacitor plus the specified tolerance.

The ES1 and ES2 limits for various capacitance values are listed in Table 7.
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NOTE 1 The capacitance values for ES2 are derived from Table 2 of IEC/TS 61201:2007.

NOTE 2 The values for ES1 are calculated by dividing the values from Table 2 of IEC/TS 61201:2007, by two (2).

Table 7 — Electrical energy source limits for a charged capacitor

5.2.p.4

ES1 ES2
rﬁ: Upeak Upeak
\Y \
300 or greater 60 120
170 75 150
91 100 200
61 125 250
41 150 300
28 200 400
18 250 500
12 350 700
8,0 500 1000
4,0 1000 2 000
1,6 2 500 5,000
0,8 5000 10 000
0,4 10 000 20 000
0,2 20 000 40 000
0,133 or less 25 000 50 000

Linear interpolation may be ‘used between the nearest

two points.

Single pulse limits

Where the electrical energy sourecé_is a single pulse, the energy source is classified from both
the |voltage and the duration orlfrom both the current and the duration. Values are giveh in
Tabje 8 and Table 9. If the.voltage exceeds the limit, then the current shall not exceed|the
limi{. If the current exceeds’ the limit, the voltage shall not exceed the limit. Currents|are
megsured according to §.7- For repetitive pulses, see 5.2.2.5.

For [pulse durations_up to 10 ms, the voltage or current limit for 10 ms applies.

NOTE 1

NOTE 2 Fhése single pulses do not include transients.

NOTE3<Pulse duration is considered to be the time duration when the voltage or current exceeds ES1 limits.

The pulsélimits are calculated from IEC/TS 60479-1:2005, Figure 22 and Table 10.
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Table 8 — Voltage limits for single pulses

Electrical energy source level
ms peak peak
\Y \Y
10 196
20 178
50 150
80 135
100 129
200 117
300 110
400 60 102
500 98
600 97
700 96
800 94
900 93
1000 89
2 000 80
If the time duration lies between the values in any two rows, the ES2
value of the Upgak in the row belownshall be used or a logarithmic
interpolation may be used between *any two adjacent rows with the
calculated value rounded down to the nearest millisecond.

Table 9 —Current limits for single pulses

Electrical energy source level
Pulse duration IES1 IESZ
up.to.and including peak peak
ms mA mA
10 2 200
20 2 153
50 2 107
100 2 81
200 2 62
500 2 43
1000 2 33
2 000 2 25
If the time duration lies between the values in any two rows, the ES2
value of the Ipeak in the row below shall be used or a logarithmic
interpolation may be used between any two adjacent rows with the
calculated value rounded down to the nearest millisecond.

5.2.2.5 Limits for repetitive pulses

Except for pulses covered in Annex H, a repetitive pulse electrical energy source class is
determined from either the available voltage or the available current (see Table 10). If the
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voltage exceeds the limit, then the current shall not exceed the limit. If the current exceeds
the limit, the voltage shall not exceed the limit. Currents are measured according to 5.7.

The voltage is the maximum that can be delivered by the source into any resistive load not
exceeding 1 MQ.

The current is the maximum that can be delivered by the source for any one pulse into any
resistive load.

Table 10 — Electrical energy source limits for repetitive pulses

Pulse off time ES1 ES2 ES3
Current 0,707 mA peak 7,07mA peak

Less than 3 s
Voltage 42,4 V peak 70,7 V peak
Current See Greatelr. th-?n ES2

2 mA peak tmi
3 s or more Table 9
Voltage 60 V peak See Table &
5.2.2.6 Ringing signals

Where the electrical energy source is an analogue telephione network ringing signa

defiped in Annex H, the energy source class is considered<ES2.

5.2..7

Audio signals

For [electrical energy sources comprised of audio.signals, see Clause E.1 f).

5.3
5.3/
This

Protection against electrical energy'sources

General

ovefview.

Table 11.— Overview on safeguard requirements (persons)

as

subclause specifies protection)requirements for parts accessible to ordinary persons,
insfructed persons, and skilled persons. See 5.3.6 for accessibility and Table 11 fo

an

Required number of equipment safeguards interposed between 3

electrical energy source and persons

5.3.2

5.3.21

No safeguards need be interposed between ES1 and an ordinary person.

5.3.2.2

Person
ES1 ES2 ES3
Ordinary person 0 1 2
Instructed person 0 0 2
Skilled person 0 0 Oor1~

@ See 4.3.4.4.

Protection of an ordinary person

Safeguards between ES1 and an ordinary person

Safeguards between ES2 and an ordinary person

At least one safeguard shall be interposed between ES2 and an ordinary person (see

Figure 10 and Figure 11).
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5.3.2.3 Safeguards between ES3 and an ordinary person

Unless otherwise specified, at least one equipment basic safeguard and one equipment
supplementary safeguard (double safeguard) or a reinforced safeguard shall be
interposed between ES3 and an ordinary person (see Figure 12).

5.3.3 Protection of an instructed person
5.3.3.1 Safeguards between ES1 or ES2 and an instructed person

No safeguards need to be interposed between ES1 or ES2 and an instructed person (see
Figyre 14).

5.3.B.2 Safeguards between ES3 and an instructed person

Unlg¢ss otherwise specified, at least one equipment basic safeguard and one equipment
supplementary safeguard (double safeguard) or a reinforced safeguard shall| be
intefposed between ES3 and an instructed person (see Figure 15).

5.3.E Protection of a skilled person
5.3.4.1 Safeguards between ES1 or ES2 and a skilled person

No [safeguards need to be interposed between ES1 or<ES2 and a skilled person (see
Figyre 16 and Figure 17).

5.3.4.2 Safeguards between ES3 and a skilled\person

Barg¢ conductors at ES3 shall be located or guarded so that unintentional contact with quch
confluctors during service operations is unlikely‘(see Figure 18 and Figure 19).

5.3.p Safeguards between energy sources
5.3.5.1 General

Thig subclause specifies safeguards between ES1, ES2 and ES3.

Tabje 12 gives an overview of the required number of equipment safeguards between
eledtrical energy sources:

Table 12 — Overview of required number of equipment safeguards

Required number of interposed equipment safeguards
Electrical’energy source
ES1 ES2 ES3
ES1 0 1 2°
ES2 1 0 2°
ES3 2° 2° 0
® See 5.3.5.2.
® See 5.3.5.3.

5.3.5.2 Safeguards between ES1, ES2 and ES3

At least one basic safeguard shall be interposed between ES2 and ES1 (see Figure 26,
Figure 27 and Figure 28).
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ES2 |:> Basic |:> ES1
safeguard

Figure 26 — Model for protection of ES1 against ES2

At least one basic safeguard and one supplementary safeguard shall be interposed
between ES3 and ES1 (see Figure 27 and Figure 28).

ES3 Basic Supplementar ESA
safeguard safeguard

Figure 27 — Model for protection of ES1 against ES3

. Supple-
Basic Inaccessible me':\?ary
ES3 safeguard part at less safeguard ES1
against than ES3 ina
o against ES3

Figure 28 — Model for protection of ES1 against ES3

5.3.p.3 Protection of ES2 against ES3

At least one basic safeguard and ohe supplementary safeguard shall be interpgsed
between ES3 and ES2 (see Figure 29and Figure 30).

i Supple-
ES3 Basic mentary
@ safeguard safeguard ES2
against ES3 against ES3

Figure 29 — Model for protection of ES2 against ES3

Basic Inaccessible Supple-
ES3 safeguard part at less mentary ES2
; safeguard
against than ES3 €9
EQ? against ES3
J \ N N

Figure 30 — Model for protection of ES2 against ES3

5.3.6 Accessibility to electrical energy sources and safeguards
5.3.6.1 Requirements
For ordinary persons, the following shall not be accessible:

— bare parts at ES2, except for the pins of connectors. However, such pins shall not be
accessible under normal operating conditions by the blunt probe of Figure V.3; and

— bare parts at ES3; and
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— an ES3 basic safeguard.

For

instructed persons, the following shall not be accessible:

— bare parts at ES3; and

— an ES3 basic safeguard.

5.3.6.2 Contact requirements

For ES3 voltages up to 420 V peak, the appropriate test probe from Annex V shall not contact
a bare internal conductive part.

For
con
(seq

The

ES3 voltages above 420V peak, the appropriate test probe from Annex V (shall
act a bare internal conductive part and shall have an air gap from' that
Figure 31).

air gap shall either:

bass an electric strength test in accordance with 5.4.11.1 at a test'voltage (d.c. or
h.c.) equal to the peak working voltage; or

have a minimum distance according Table 13.

... ENClOSUrE

Bare internal condL__Jctive part or barrier

- Test probe
Airgap -~

7
%
.
%
%
%
%

Figure 31 — Contact requirements to bare internal conductive parts

not
part

eak
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Table 13 — Minimum airgap distance

62368-1 © IEC:2010(E)

Peak working voltage Alr gap distance
mm
V peak or d.c. Pollution degree
up to and including 2 3
>420 and < 1 000 0,2
1200 0,25 0,8
1500 0,5
2 000 1,0
2 500 1,5
3000 2,0
4 000 3,0
5000 4,0
6 000 5,5
8 000 8,0
10 000 11
12 000 14
15 000 18
20 000 25
25 000 33
30 000 40
40 000 60
50 000 75
60 000 90
80 000 130
100 000 170
Linear _interpolation may be used between the nearest two
points{ _the calculated minimum airgap distance being rounded
up to the next higher 0,1 mm increment or the value in the next
rowsbelow whichever is lower.
5.3.6.3 Compliance
Compliance is-checked by the relevant test of Annex T, followed by the tests of Annex V.
In qdditien;~for bare ES3 parts at a voltage above 420 V peak, compliance is checked by
distance-measurement or by an electric strength test.

Components and subassemblies that comply with their respective IEC standards are not
subjected to the finger probe of V.1.2 when such components and subassemblies are used in

the final product.

5.3.6.4 Terminals for connecting stripped wire

The use of a stripped wire to make connection with a terminal intended to be used by an
ordinary person (for example, a loudspeaker terminal of an audio amplifier) shall not result in
contact with ES2 or ES3 (for audio signal voltages, see Table E.1 for values of ES2 and ES3).

Compliance is checked by the test of V.1.6.
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5.4 Insulation materials and requirements
5.4.1 General
5411 Insulation

This subclause specifies insulating materials, clearances, creepage distances and solid
insulation, including the use of these materials in components.

Insulation providing a safeguard function is designated basic insulation, supplementary
insulation, double insulation, or reinforced insulation.

5.4.1.2 Properties of insulating material

The| choice and application of insulating material shall take into account the, .needs| for
eledtrical strength, mechanical strength, dimension, frequency of the working voltage |and
other properties for the working environment (temperature, pressure, humidity and pollution)
as dgpecified in this Clause 5 and Annex T.

Insylating material shall not be hygroscopic as determined by 5.4.1.3.

NOTE To protect solid insulation from damage due to transient voltages, the electric strength of $olid
insujation should be greater than the electric strength of the associated (parallel) clearance.

5.4.1.3 Compliance

Compliance is checked by inspection and, where necessary, by evaluation of the data fon the
material.

Where necessary, if the data does not cenfirm that the material is non-hygroscopic,|the
hygtoscopic nature of the material is determined by subjecting the component or subassembly
employing the insulation in question to,the humidity treatment of 5.4.10. The insulation is then
subjected to the relevant electric strength test of 5.4.11.1 while still in the humidity champer,
or i the room in which the samplesywere brought to the prescribed temperature.

5.41.4 Frequency

For [fundamental frequencies higher than 30 kHz, the clearances, creepage distances |[and
solid insulation shalkcomply with 5.4.2, 5.4.3 and 5.4.4.9 respectively.

NOTE 1 For fundamental frequencies higher than 30 kHz, the requirements are based on IEC 60664-1| and
IEC $0664-4.

If tHe circuit-has both a mains frequency and a fundamental frequency exceeding 30 kHz,
then the worst-case requirements for clearances, creepage distances, and solid insulation
sha|l beapplied.

As an alternative, for solid insulation and frequencies above 30 kHz, the high frequency test
of 5.4.4.9 can be substituted by the electric strength test of 5.4.11.1 under the following
conditions:

— the field strength is approximately uniform; and

— no voids or air gaps are present in the solid insulation.

NOTE 2 In this context, the electric field is considered to be approximately uniform if the deviations are less than
120 % from the average value of the field strength.
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1.5 Maximum operating temperatures for insulating materials

1.5.1 Requirements

Under normal operating conditions, insulating material temperatures shall not exceed the
temperature limit of the insulating material, including insulating materials of components, or

the

maximum temperature limit of the insulation system as given in Table 14.

For maximum temperatures below or equal to 100 °C, no classified insulation system is
required.

5.4.

1.5.2 Test method

Insylating material temperatures are measured in accordance with B.1.7.

The

(seg¢ Clause B.2) as follows:

for continuous operation, until steady state conditions are established; and

for intermittent operation, until steady state conditions are established, using the r
'‘'ON" and "OFF" periods; and

for short-time operation, for the operating time specified by)the manufacturer.

Components and other parts may be tested independent of the end product provided that

test

conditions applicable to the end product are applied to the component or part.

Equipment intended for building-in or rack-mounting, or for incorporation in larger equipmni
is t¢sted under the most adverse actual or simuylated conditions specified in the installg

inst

5.4.

The
Tab

For
mat

NOT
(clas
N, R

No
IEC

For

‘uctions.

1.5.3 Compliance

temperature of the electrical .insulation material or EIS shall not exceed the limit
e 14.

a single insulating matenjal, the declared relative temperature index information from
erial manufacturer can be used if it is suitable for the applicable class of insulation.

E For example, a material rated for 124 °C is considered suitable for classes whose temperature is |
5 with letter codes“E and A) and not for classes whose temperature is higher (class with letter codes B,
and C).

tests -are necessary if the thermal classification is class 105 in accordance
60085.

equipment or parts of the equipment are operated under normal operating conditijons

hied

the

ent,
tion

the

ower

with
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Table 14 — Temperature limits for materials, components and systems

Maximum temperature 7,
Part
°C
Insulation, including winding insulation:
of Class 105 (A) material or EIS 100 @
of Class 120 (E) material or EIS 115 ¢
of Class 130 (B) material or EIS 120 °
of Class 155 (F) material or EIS 140 °
of Class 180 (H) material or EIS 165 °
of Class 200 (N) material or EIS 180 °
of Class 220 (R) material or EIS 200 °®
of Class 250 material or EIS 225°
Ingulation of internal and external wiring, including power supply cords:
— | without temperature marking 70
— | with temperature marking .
Temperature marked on the wire or
spool, or rating assigned by the
manufacturer
Other thermoplastic insulation See 5.4.1.11
Cdmponents See also Annex G

©

If the temperature of a winding is determined by thermocouples, these values are reduced by 10 K, except
the case of a

— motor, or
— winding with embedded thermocouples.

The classes are related to the temperature classes of electrical insulating materials and electrical insulatir
systems in accordance with IEC 60085. The assigned letter designations are given in parentheses.
F

br each material, account shall be taken of‘the data for that material to determine the appropriate maximu
tgmperature.

5.4.1.6 Pollution degrees

Th

i subclause describes different degrees of pollution of the operating environment

products covered by this'standard.

Po

No

llution degree 1

pollution-er.only dry, non-conductive pollution occurs. The pollution has no influence.

NOTE 1, Within the equipment, components or subassemblies that are sealed to exclude dust and moistur
exanpples of pollution degree 1.

Po

for

p are

llution degree 2

Only non-conductive pollution occurs except that occasionally a temporary conductivity
caused by condensation is to be expected.

NOTE 2 Pollution degree 2 is generally appropriate for equipment covered by the scope of this standard.

Po

llution degree 3

Conductive pollution occurs or dry non-conductive pollution occurs that becomes conductive
due to condensation, which is to be expected.
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5.4.1.7 Insulation in transformers with varying dimensions

This subclause specifies the method of determining clearances, creepage distances, and
distances through insulation along the length of the winding of a transformer.

If the insulation of a transformer has different working voltages along the length of the
winding, the clearances, creepage distances and distances through insulation may vary in a
corresponding fashion.

NOTE An example of such a construction is a 30 kV winding, consisting of multiple bobbins connected in series,
and earthed or connected to a common point at one end.

5.4.11.8 Insulation in circuits generating starting pulses

Thig subclause specifies the method of determining clearances, creepage distances |and
distance through insulation for circuits generating starting pulses.

For| circuits generating starting pulses (for example, to ignite a discharge lamp),|the
reqyirements for basic insulation, supplementary insulation and ‘reinforced insulation
apply to creepage distances and distances through insulation. For €learances, see G.12]2.

NOTE For working voltages in the above cases, see 5.4.1.9.1, i).

5.4.1.9 Determination of working voltage
5.4.11.9.1 General

Thid subclause specifies various parameters ahd assumptions that need to be taken |into
accopunt when determining working voltage.

In determining working voltages, all of the following requirements apply:

a) unearthed accessible conductivelparts are assumed to be earthed;

b) if a transformer winding or other part is not connected to a circuit that establisheg its
potential relative to earth, the winding or other part are assumed to be earthed at a goint
by which the highest working voltage is obtained;

c) except as specified in 5.4.1.7, for insulation between two transformer windings,|the
nighest voltage between any two points in the two windings is the working voltage, taking
into account the-veltages to which the input windings will be connected;

d) except as specified in 5.4.1.7, for insulation between a transformer winding and another
bart, the _highest voltage between any point on the winding and the other part is|the
working.voltage;

e) ywhefe)double insulation is used, the working voltage across the basic insulation is
jetéermined by imagining a short circuit across the supplementary insulation, and pice
\ : mai ; freuit med
to take place at the point by which the highest working voltage is produced in the other
insulation;

f) when the working voltage is determined by measurement, the input power supplied to the
equipment shall be the rated voltage or the voltage within the rated voltage range that
results in the highest measured value;

g) the working voltage between
— any point in the circuit supplied by the mains and any part connected to earth; and

— any point in the circuit supplied by the mains and any point in a circuit isolated from
the mains, shall be assumed to be the greater of the following:

o the rated voltage or the upper voltage of the rated voltage range; and

e the measured voltage;
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h) when determining the working voltage for an ES1 or ES2 external circuit, the normal
operating voltages shall be taken into account. If the operating voltages are not known,
the working voltage shall be taken as the upper limits of ES1 or ES2 as applicable.

Short duration signals (such as telephone ringing) shall not be taken into account for
determining working voltage;

i) for circuits generating starting pulses (for example, discharge lamps, see Clause G.12),
the peak working voltage is the peak value of the pulses with the lamp connected but
before the lamp ignites. The working voltage to determine minimum creepage distances
is the voltage measured after the ignition of the lamp;

j) temporary overvoltages and recurring peak voltages have to be considered

5.4.11.9.2 RMS working voltage

In determining the r.m.s. working voltage, short-term conditions (for example, .Cader|ced
telephone ringing signals in external circuits) and non-repetitive transients (for example, |due
to afmospheric disturbances) are not taken into account.

NOTE The creepage distances are determined from the r.m.s. working voltages.
5.4.1.9.3 Peak working voltage

For|the peak working voltage used to determine the required withstand voltage| for
minjmum clearances and test voltages for electric strength:

— when determining the peak working voltage between.circuits connected to the mains|and
Circuits isolated from the mains, the voltage of any ES2 circuit, ES1 circuit or external
Circuits (including telephone ringing signals) shalibe regarded as zero;

— when determining the peak working voltage-for an external circuit that does not have
ransients, the peak working voltage of repetitive signals, such as telephone ringing
Signals, shall be taken into account;

— hon-repetitive transients (for example;*due to atmospheric disturbances) shall not be tgken
{nto account.

5.4.1.10 Insulating surfaces

An jaccessible insulating (surface is considered to be covered by a thin metallic foill for
determining clearances; cCreepage distances and distance through insulation ({see
Figyre O.13).

5.4.1.11 Thermoplastic parts on which conductive metallic parts are directly mounted

5.4.1.11.1 Requirements

Thefmoplastic parts on which conductive metallic parts are directly mounted shalll be
sufflciently resistant to heat if softening of the plastic could result in the failure (ff a

safeguard-

5.4.1.11.2 Compliance

Compliance is checked by examination of the Vicat test data from the material manufacturer.
If the data is not available, compliance is checked by either the Vicat test of this subclause or
the ball pressure test of 5.4.1.11.3.

The measured temperature during normal operating conditions, as specified in Clause B.2,
shall be at least 15 K less than the Vicat softening temperature as specified in Vicat test B50
of ISO 306.

The measured temperature during abnormal operating conditions of Clause B.3 shall be
less than the Vicat softening temperature.
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The Vicat softening temperature of a non-metallic part supporting parts in a circuit supplied
from the mains shall be not less than 125 °C.

5.4.1.11.3 Ball pressure test

Compliance is checked by examination of the ball pressure test data from the manufacturer or
by subjecting the part to the ball pressure test according to IEC 60695-10-2. The test is made
in a heating cabinet at a temperature of (T—Tyu, + Ta+t 15 C) £2 °C. However, a
thermoplastic part supporting parts in a circuit supplied from the mains is tested at a
minimum of 125 °C.

The|significances of T, Ty, and T, @re as given in B.2.6.1.
After the test, dimension d (diameter of the indentation) shall not exceed 2 mm.

The| test is not made if it is clear from examination of the physical charagteristics of|the
material that it will meet the requirements of this test.

5.4.2 Clearances
5.4..1 General

Thig subclause specifies the required clearances for asgiven working voltage and|the
varipus other parameters that affect clearances.

Clearances shall be so dimensioned that overvoltages and transients that may enter|the
equ|lpment, and peak voltages that may be generated within the equipment, do not bfeak
down the clearance.

The| parameter, required withstand voltage, accounts for overvoltages and transients [that
may enter the equipment or that may belgenerated within the equipment. The dimension frr a
clegrance that is affected by the \transients from the mains or an external circuit is
detgrmined from the required withstand voltage for that clearance.

The| peak working voltage (including steady state voltages and recurring peak voltages)|and
temporary overvoltages are.taken into account to determine the clearance.

High frequency voltages are taken into account to determine the clearance.

Clearances functioning as basic insulation, supplementary insulation and reinforced
insyilation shdll"be not less than the minimum dimensions as determined in 5.4.2.7, or shall
be determined in accordance with 5.4.2.8.

The| minimum clearances as determined in 5.4.2.7 do not apply to the air gap between|the
contacts of thermostats, thermal cut-offs, overioad protection devices, switches of microgap
construction, and similar components where the air gap varies with the contacts.

NOTE 1 For air gaps between contacts of safety interlocks, see Annex K. For air gaps between contacts of
disconnect devices, see Annex L.

The clearance between the outer insulating surface (see 5.4.2.2) of a connector (including an
opening in the enclosure) and conductive parts that are connected to ES2 within the
connector (or in the enclosure) shall comply with the requirements for basic insulation.

The clearance between the outer insulating surface (see 5.4.2.2) of a connector (including an
opening in the enclosure) and conductive parts that are connected to ES3 within the
connector (or in the enclosure) shall comply with the requirements for reinforced insulation.
As an exception, the clearance may comply with the requirements for basic insulation if the
connector is:
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— fixed to the equipment; and
— located internally to the outer electrical enclosure of the equipment; and
— only accessible after removal of a subassembly that

e is required to be in place during normal operating conditions, and

e is provided with an instructional safeguard to replace the removed subassembly.

NOTE 2 The tests of 5.4 apply to such connectors after removal of the subassembly.

For all other clearances in connectors, including connectors that are not fixed to

equ nmant hao minimaiim ualiine dAatarmainad 1n A~~~ danca vwuth E A 2 7 ~annly,
quiprrentthe-minimum-values-determinedin-aceordance—with-5-4-27apphr-

The| above minimum clearances for connectors do not apply to connectors-\listed
Clalise G.20.

5.4.p.2 Compliance

Compliance is checked by measurement taking into account the relevant clauses of Anne
and|Annex T.

The|following conditions apply:

— movable parts are placed in their most unfavourable positions;

— rlearances from an enclosure of insulating material through a slot or opening
measured according to Figure O.13, point X;

— [fhe dimensions for clearances functioning™ as basic insulation, supplemen
nsulation and reinforced insulation are méasured after the tests of Annex T;

— pfter the tests of Annex T the electric strehgth test shall be applied;

— Puring the force tests, metal enclosures shall not come into contact with bare condud
barts of

b E£S2 circuits, unless the product is in a restricted access area, or
b ES3 circuits;

— for the glass breakage ‘test, see Clause T.9. Damage to the finish, small dents that do
feduce clearances below the specified values, surface cracks and the like are ignore
h through crack appears, clearances shall not be reduced. For cracks not visible to
haked eye, an electric strength test shall be conducted.

5.4.p.3 Procedure for determining minimum clearances

5.4.2.3.1 General

the

x O

are

fary

tive

not
d. If
the

To deéetermine the minimum value for each required clearance, the highest value of

the

followingthree methodsshat-beused:

Method 1: Determine clearances according to 5.4.2.3.2 using the required withst
voltages.

and

Method 2: Measure the peak working voltage and determine the clearance from Table 18.

Method 3: If the fundamental frequency is higher than 30 kHz, measure the peak working

voltage at the fundamental frequency and determine the clearance from Table 19.

5.4.2.3.2 Determination of the clearance using required withstand voltage

The clearance shall be determined using the following steps.
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b)
c)

The|effect of transients from an external circuit consisting of a coaxial cable or an antent

not

5.4.

5.4.

Thig subclause specifies the method to determine the a.c. mains{Aransient voltage

nee

For
dep
equ

catggory Il

NOTE See Annex | for further guidance on the determination of overvoltage categories.

Equipment that is likely, when installed, to be subjected to transient voltages that exa
thoge for its design overvoltage category{will require additional protection to be prov
extdrnal to the equipment. In this case;\the installation instructions shall state the need

SucC

The| applicable value of the mains transient voltage shall be determined from

ove
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Determine the transient voltage:

1) for equipment intended for connection to the mains, determine the a.c. mains

transient voltage according to 5.4.2.4.1;

2) for equipment intended for connection to a d.c. mains, determine the transient voltage

according to 5.4.2.4.2 and the nominal d.c. voltage;

3) for equipment intended for connection to an external circuit, determine the exte
circuit transient voltage according to 5.4.2.4.3;

Determine the required withstand voltage according to 5.4.2.5;
Determine the minimum clearance according to 5.4.2.7.

rnal

faken into account when determining clearances.

.4 Determination of transient voltages

2.4.1 Determination of a.c. mains transient voltages

s to be taken into account when determining the required withstand voltage.

ends on the overvoltage category and the a.c. mains voltage. In general, clearanc
pment intended to be connected to the a.c. mains;yshall be designed for overvol

h external protection.

voltage category and the a.6. mains voltage using Table 15.

equipment to be supplied from the a.c. mains, the valug of’the mains transient voﬂ:ge

ais

that

in
age

eed
ded
for

the
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Table 15 — Mains transient voltages

AC mains voltage * Mains transient voltage °
up to and including
V peak
Overvoltage category
Vr.m.s. V peak®
| 1 1] v
50 71 330 500 800 1500
100 ¢ 141 500 800 1 500 2 500
150 ° 210 800 1500 2 500 4 000
300 f 420 1500 2 500 4 000 6 000
600 ° 840 2 500 4 000 6 000 8 000

g For equipment designed to be connected to a three-phase 3-wire supply, where there i _ho neutral
conductor, the a.c. mains supply voltage is the line-to-line voltage. In all other cases, where there is
neutral conductor, it is the line-to-neutral voltage.

The mains transient voltage is always one of the values in the table. Interpolation is‘Aot permitted.
1 See5.4.2.5.1.

In Japan, the value of the mains transient voltages for the nominal a/cymains supply voltage of
100 V is determined from columns applicable to the nominal a.c. mains supply voltage of 150 V.

9 Including 120/208 V and 120/240 V.
f Including 230/400 V and 277/480 V.
9 Including 400/690 V.

5.4..4.2 Determination of d.c. mains transient voltages

Thig subclause specifies the method to detéfmine the transient voltages from d.c. pqwer
distribution systems that need to be taken’into account when determining the requjred
withstand voltage.

If an earthed d.c. power distribution.system is entirely within a single building, the trandient
voltage is selected as follows:

— if the d.c. power distributién' system is earthed at a single point, the transient voltage is
hssumed to be 500 V peak; or

— |If the d.c. power distribution system is earthed at the source and the equipment,|the
ransient voltage(isyassumed to be 350 V peak; or

NOTE The connection to protective earth can be at the source of the d.c. power distribution system or gt the
bquipment location, or both (see ITU-T Recommendation K.27).

- the cabling associated with the d.c. power distribution system is shorter than 4 m or is
nstalled” entirely in continuous metallic conduit, the transient voltage is assumed tq be
50,VVpeak.

If a d.c. power distribution system is not earthed or is not within the same building, the
transient voltage shall be assumed to be equal to the mains transient voltage in the mains
from which the d.c. power is derived. If, however, the d.c. power distribution system is not
within the same building, and is constructed using installation and protection techniques
similar to those of external circuits, the transient voltage shall be determined using the
relevant classification from 5.4.2.4.3.

If equipment is supplied from a dedicated battery that has no provision for charging from an
external mains supply, the transient voltage shall be disregarded.

5.4.2.4.3 Determination of external circuit transient voltages

This subclause specifies external circuit transient voltages for various physical
configurations of the external circuit.
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The applicable value of the transient voltage on an external circuit shall be determined using
Table 16. Where more than one location or condition is applicable, the highest transient
applies. A ringing or other interrupted signal shall not be taken into account if the voltage of
this signal is less than that of the transient.

Transient voltages from external circuits do not require a safeguard, but the transient
voltages shall be taken into account when dimensioning a safeguard that is required between

different categories of circuits (for example, ES1, ES2 and ES3).

If the external circuit transient voltages are known, the known value should be used.

NOT

NOT
pres
the 4
be n

=

E 2

pcessary.

Australia has published its overvoltage limits in AS/ACIF G624:2005.

Table 16 — External circuit transient voltages

It is assumed that adequate measures have been taken to reduce the likelihood that the,transjents
bnted to the equipment exceed the values specified in Table 16. In installations where transiefts present
quipment may exceed the values specified in Table 16, additional measures such as surge\suppression

bd to
may

Installed wholly within the building structure©

ID | Cable type Additional conditions Transient voltages 3
1 P4gired conductor ® — unshielded 1000 V 1,2/50 pus
Only differential if one condyctor is
earthed in the equipment
2 Paired conductor ¢ — unshielded | Cable is installed wholly within an 500 V 1,2/50 us
Equipment Bonding Network (Mesh-BN, . o )
Mesh-IBN or star-IBN)\(Ro connection to Only differential if one condyctor is
outside) earthed in the equipment
3 Paired conductor ¢ — unshielded | Cable length is less than or equal to 4 m. Not applicable
The cable connects equipment that is
normally‘expected to be part of the same
bonding-network or powered from the
same(branch circuit (no connection to
autside)
4 | Pgired conductor ® — shielded ° Not applicable
5 Any other conductors Interfaces with equipment that does not Not applicable
have an earth connection or reference
6 Céoaxial cable ° Cable shield is earthed at both ends Not applicable
7 Coaxial cable Cable shield is not earthed at the Centre conductor to shield ig
equipment disregarded
1 000 V 1,2/50 us shield to garth
8 Infegralantenna Not applicable
9 Any_conductor Not applicable
10 | Coaxial cable Cable is connected to a socket outlet of a Not applicable

cable distribution system
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Table 16 (concluded)

Some portion of the cable or the connected network is outside the building or structure °

ID | Cable type Additional conditions Transient voltages *
11 | Paired conductor ® — unshielded | The building or structure may or may not 1500 V 10/700 pus
have equipotential bonding . o .
Only differential if one conductor is
earthed in the equipment
12 | Paired conductor ® — shielded 1 500 V 10/700 us
Only differential if one conductor is
carthed in the qulipmnnf
13 | Pgired conductor ® — shielded The building or structure has equipotential |1 500 V 10/700 us
bondin
g Only differential if ong‘eondyctor is
earthed in the equipnment
14 | Anpy other conductors The external circuit is not earthed at Mains transjent.voltage or
either end, but there is an earth reference | external circuit transient vojtage of
(for example, from connection to mains) the circuit from which the cirpuit in
questiontis derived whichevdr is
higher
15 | Coaxial cable Equipment other than power-fed coaxial 4 000 V 10/700 us
repeaters. Cable shield is earthed at the .
equipment Centre conductor to shield
16 | Coaxial cable Power fed coaxial repeaters (up to 4,4/mm |5 000V 10/700 us
coaxial cable). Cable shield is earthed at .
the equipment Centre conductor to shield
17 | Coaxial cable Equipment other than power-fed coaxial 4 000 V 10/700 pus Centre
repeaters. Cable shield is"not’earthed at conductor to shield
the equipment. Cable shield is earthed at )
building entrance 1500 V 1,2/50 ps shield to garth
18 | Coaxial cable Cable connects to(an outdoor antenna 10 kV from a 1 nF
19 | Pgired conductor ° Cable connects'to an outdoor antenna 10 kV from a 1 nF
20 | Coaxial cable The conngettion of the cable coming from Not applicable
outside-the building is made via a transfer
point(The shield of the coaxial cable from
qutside the building and the shield of the
ecoaxial cable of the cable within the
building are connected together and are
connected to earth.
NOTE [l In Norway and Sweden, the cable shield on coaxial cables is normally not earthed at the building entrange. For
installdtion conditions, see EN\60728-11.
NOTER The effects of 'unwanted steady-state voltages generated outside the equipment (for example, earth pptential
differepces and voltages,induced on telecommunication networks by electric train systems) are controlled by instpllation
practices. Such practices are application dependent and are not dealt with by this standard.
® Sed ITU-T, Recommendation K.68. If power induction occurs, transient voltages of 650 V r.m.s. for 0,35 s <tk 0,5 s
may be present.
®  For|a$higlded cable to affect a reduction in transients, the shield shall be continuous, earthed at both ends, 3nd
havie_ a.maximum transfer impedance of 20 Q/km (for f'less than 1 MHz).

Conductor is considered to leave the building if it terminates on equipment earthed to a different earthing network.

A paired conductor includes a twisted pair.

5.4.2.5

5.4.2.51

Determination of required withstand voltage

Mains transient voltages

Unless 5.4.2.5.2 applies, the required withstand voltage is determined according to a), b)

or c) of this subclause.

For equipment supplied from the a.c. mains, a) and b) apply. For equipment supplied from the

d.c. mains, c) applies.
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following abbreviations are used.

the peak value of the a.c. mains supply voltage in the second column of Table 15

Urequired withstand N L
corresponding to the rated voltage or the upper limit of the rated voltage range

U the mains transient voltage determined in 5.4.2.4

mains transient

the maximum transient voltage from the a.c. mains, determined according to
5.4.2.6

measured transient

For circuits supplied from the a.c. mains, either a)1) or a)2) may be used.

1) Urequired withstand ~ Umains transient

) Urequired withstand — Ymeasured transient
For circuits isolated from the a.c. mains, either b)1), b)2), or b)3) may be used.

U

) Urequired withstand = Ymains transient

2) Urequired withstand = Umeasured transient

B) Determine the a.c. mains transient voltage from 5.4.2.4.1. Urequited” withstand is
overvoltage category lower in Table 15 for a given a.c. mains voltage.

b)3) is normally applied for the following cases:

— an isolated circuit derived from the mains, and that’js”connected to the 1
protective earthing terminal in accordance with 5.6.4;

— an isolated circuit, derived from the mains @nd separated from the ci
connected to the mains by a metal screen that‘is ‘connected to the main proteg
earthing terminal in accordance with 5.6.4.

For circuits supplied from a d.c. mains, b)1) or b)3) shall be applied.

2.5.2 DC source transient voltages

In g circuit isolated from the mains supplied’ by a d.c. source with capacitive filtering,

con

nected to protective earth, the required-withstand voltage shall be assumed to be e

to the peak value of the d.c. voltage of;the source, or the peak working voltage of the ci
isolated from the mains, whichever is\higher.

one

hain

cuit
tive

and
ual
cuit

If equipment is supplied from a:dedicated battery that has no provision for charging fromp an
extdrnal mains, the transiept\voltage is disregarded.

5.4.

Exc

2.5.3 Externalkcircuit transient voltages

ept as specified)in 5.5.4, for transient voltages from an external circuit, the requ

withstand voltage’is

he external circuit transient voltage determined in 5.4.2.4.3, or

he Value measured in accordance with 5.4.2.6 c).

red

If th

e transient vottage s—stmatter thanmthe peak vottage of the—shortduratiomsigmatsuc

1 as

telephone ringing), this short duration signal shall be taken into account for determination of

the

required withstand voltage.

For circuits connected to coaxial cable distribution and outdoor antennas, compliance is

che

5.4.

cked by the tests of 5.5.4.

254 Combination of transient voltages

If the transient voltages described in 5.4.2.5.1, 5.4.2.5.2 and 5.4.2.5.3 affect the same
clearance, the largest of those voltages is used when determining required withstand
voltage. The values shall not be added together.
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5.4.2.6 Measurement of transient voltage levels

This subclause specifies the method to measure the actual transient levels from any circuit
(when the manufacturer has provided a transient suppression network).

The following tests are conducted only if it is required to determine whether or not the
transient voltage across the clearance in any circuit is lower than normal (for example, due to
the effect of a filter in the equipment). The transient voltage across the clearance is
measured using the following test procedure.

syst
con
equ
equ

A vd

+ line-to-line;

+ all line conductors conductively joined together and neutral;

+ all line conductors conductively joined together and protective earth;
+ neutral and protective earth.

+ the positive and\negative supply connection points;
+ all supply cannection points joined together and protective earth.

em or to any external circuit. Any surge suppressors internal to the equipment in_¢irg
nected to the mains or the external d.c. power distribution system are disconnected: If
pment is intended to be used with a separate power supply, it is connected to
pment during the tests.

Iltage measuring device is connected across the clearance in question.

[ransient voltages from an a.c. mains
[0 measure the transient voltage across a clearance due to_transient voltages ¢

hre applied between each of the following points whererelevant:

[ransient voltages from a d.c. mains
[0 measure the transient voltagelacross a clearance due to transient voltages on a

penerate 1,2/50 ps impulsest-U, is equal to the transient voltage determined in 5.4.2.4

hre applied between each of the following points where relevant:

[ransient yoltages from an external circuit

[0 measure the transient voltage across a clearance due to transient voltages or
external circuit, the appropriate test generator of Annex D is used to generate impu
hs applicable and described in Table 16. U, is equal to the external circuit trang

oltage determined in 5.4.2.4.3

d
power distribution system, theé_Jimpulse test generator circuit 2 of Table D.1 is usef to
2

e he eauinment i ala onne ~Yalhda he main e ern a DO - di ib t|0n

uits

the
the

n a

mains the impulse test generator circuit 2 of Table D.1 is\@wsed to generate 1,2/5p us
[mpulses. U, is equal to the mains transient voltage detefmined in 5.4.2.4.1.

At least three impulses of each polarity, with intervals of at least 1 s between impulges,

At least three impulses of'each polarity, with intervals of at least 1 s between impulges,

an

Ises

ient

At least three impulses of each polarity, with intervals of at least 1 s between impulses,
are applied between each of the following external circuit 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.
Where there are several identical circuits, only one is tested.

5.4.2.7 Determination of the minimum clearance

Minimum clearances may be determined by measurement as specified in this subclause or by
electric strength test in accordance with 5.4.2.8.
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For equipment to be operated up to 2 000 m above sea level, each clearance shall comply
with the relevant value of Table 17, Table 18 or Table 19.

NOTE The homogeneous field distribution on which Table 20 is based, is in practice not achievable. Only a
distribution between inhomogeneous and homogenous can be achieved.

Lower values than in Table 17, Table 18 or Table 19 can be used if an electric strength test
according to 5.4.2.8 is conducted as a type test using the value of required withstand
voltage determined according to 5.4.2.5.

Table 17 — Minimum clearances up to 2 000 m above sea level, inhomogeneous field

distribution (when transients from mains or external circuits are present)
Required Basic insulation or supplementary Reinforced
withstand voltage insulation insulation
mm mm
V peak or d.c. Pollution degree Pollution degree
up to and including 1? 2 3 12 2 3
330 0,01 0,04
400 0,02 0,07
500 0,04 0,10
600 0,06 0,2 0,14 0.6
800 0,10 0.8 0,5 1,5
1000 0,15 0,6
1200 0,25 0,9
1500 0,5 1,5
2 000 1,0 2,2
2 500 15 3,0
3 000 2,0 3,8
4 000 3,0 5,5
5000 4,0 8,0
6 000 5,5 8,0
8 000 8,0 14
10 000 11 19,4
12 000 14 24
15000 18 31,4
20000 25 44
25000 33 60
30000 40 72
40 000 60 98
50 000 75 130
60 000 90 162
80 000 130 226
100 000 170 290
Linear interpolation may be used between the nearest two points, the calculated minimum clearances
being rounded up to the next higher 0,1 mm increment or the value in the next row below whichever is
lower.
@ The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.8.
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Table 18 — Minimum clearances up to 2 000 m above sea level, inhomogeneous field
distribution (for steady-state voltages, temporary overvoltages
and recurring peak voltages)

Basic insulation or supplementary Reinforced
Peak working voltage insulation insulation
mm mm
V peak or d.c. Pollution degree Pollution degree
up to and including 12 2 3 1°? 2 3
339 6564 6564
400 0,02 0,07
0,6
500 0,04 0,2 0,10
600 0,06 0,18 1,5
0,8
800 0,18
0,76 0(76
1000 0,26 0,26
1200 0,42 0;9
1500 0,76 18 1,8
2 000 1,27 2,2
2 500 1,8 3,8
3 000 2,4 3,9
4 000 3,8 7,9
5000 6,7 11
6 000 7,9 11
8 000 11,0 19
10 000 15,2 25
12 000 19 31
15 000 25 40
20 000 34 55
25000 44 71
30 000 55 88
40 000 77 124
50 000 100 160
60 000 120 192
80,000 175 280
1,00 000 230 368
Thg valdes in the above table are derived from IEC 60664-1:2007, Table F.7a.
Linear interpolation may be used between the nearest two points, the calculated minimum clearances being
rounded up to the next higher 0,1 mm increment or the value in the next row below whichever is lower.
@ The values for Pollution degree 1 may be used if a sample complies with the tests of 5.4.8.
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Table 19 — Minimum clearances up to 2 000 m above sea level, inhomogeneous field

distribution (for steady-state voltages, temporary overvoltages
and recurring peak voltages for frequencies above 30 kHz)

Peak working voltage Basic insulation or supplementary Reinforced
up to and including insulation insulation

V peak mm mm

600 0,06 0,12

800 0,18 0,36

1000 0.5 1.0

1200 1,4 2,8

1400 2,35 4,7

1600 4,0 8,0

1800 6,7 13,4

2 000 11 22,0

Lingar interpolation may be used between the nearest two points, the calculated minimum clearances b

roupded up to the next higher 0,1 mm increment.

Ping

5.4.p.8 Minimum clearances based on electric strength test

Clearances for basic insulation, supplementary insulation, and reinforced insula

fion

shall withstand an electric strength test in addition to compliance with the minimum clearance

valles of Table 20. The test may be conducted using<an impulse voltage or a.c. voltage
d.c.| voltage. The impulse withstand voltage test.is)carried out with a voltage having
applopriate waveform (see Annex D) with the values specified in Table 20. The a.c. vol

test|is conducted using a sinusoidal voltage with“rxm.s. value as specified in Table 20.

The| d.c. voltage test is conducted using»a.d.c. voltage with average d.c. voltage valu
spegified in Table 20. The required withstand voltage is determined as given in 5.4.2.5.

test|is carried out as follows:

Dr
— by applying an a.c. r.m.s.)voltage for 5 s; or
— by applying a d.c. voltage for 5 s in one polarity and then for 5 s in reverse polarity.

NOTE When verifying'clearances within equipment by an electric strength test (for example, an impulse volt

ensure that the specified“electric test voltage appears at the clearance under test.

by applying five impulses of éach polarity with an interval of at least 1 s between pul

or a
an
age

b as
The

5es;

nge),
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Table 20 — Minimum clearances based on electric strength test

Basic insulation or supplementary Reinforced
Required insulation insulation
withstand voltage
mm mm
V peak or d.c. Pollution degree Pollution degree
up to and including 12 2 3 12 2 3
330 0,01 0,04
400 0,02 0,07
500 0,04 0,10
600 0,06 0,2 0,14
800 0,10 0.8 0,3 0,43
1000 0,15 0,33 145
1200 0,2 0,43
1500 0,3 0,6
2 000 0,45 0,88
2 500 0,6 1,2
3 000 0,8 1,45
4 000 1,2 2,0
5 000 1,5 3,0
6 000 2,0 3,0
8 000 3,0 4,5
10 000 3,5 6,0
12 000 4,5 7,5
15 000 5,5 9,6
20 000 8,0 13,4
25000 10 17
30 000 12,5 21
40 000 17 28,6
50 000 22 35
60 000 27 43
80 000 35 59
100-000 45 75
Linearinterpolation may be used between the nearest two points, the calculated minimum
clearances being rounded up to the next higher 0,1 mm increment or the value in the next row
below whichever is lower.
This table {s bhased on the data for homogeneous fields
@ The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.8.
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Table 21 — Test voltages for verifying clearances up to 2 000 m above sea level

Required withstand voltage Test voltage for electric strength for clearances for basic
up to and including insulation or supplementary insulation

kV peak 1,2/5I(;\;1,L:?ranl;ulse kV r.m.s. kV d.c.
0,33 0,35 0,23 0,35
0,5 0,55 0,4 0,55
0,8 0,91 0,52 0,74
1,5 1,75 0,95 1,35
2,5 2,95 1,89 2,67
4,0 4,8 2,61 3,69
6,0 7,3 3,97 5,61
8,0 9,8 5,34 7,55
12,0 14,8 8,08 11,43
v 1,23x U 0,68x U 0,95x U

Ling
rour|

For
For
If th

ar interpolation may be used between the nearest two points, the calculated minimum test voltage be
ded up to the next higher 0,01 kV increment.

reinforced insulation, the test voltage for electric strength is 160 % ofthe-value for the basic insulation.
routine tests, the test voltage is reduced by 20 % and the duration is reduced to 1 s.

e EUT fails the r.m.s. or d.c. test, the impulse test shall be used

ing

? {is any required withstand voltage higher than 12,0 kV.
5.4.p.9 Multiplication factors for altitudes-higher than 2 000 m above sea level
For|equipment intended to be used 2 000.m above sea level, the minimum clearances in
Tabfe 17, Table 18, Table 19 and Table 20 and the electric strength test voltages in Tablg 21
are |multiplied by the applicable multiplication factor for the desired altitude according to
Tabfe 22 (tests conducted at sea level).
NOTE 1 It is acceptable to use a vacuum chamber to simulate higher altitudes.
NOTE 2 In China, special requirements in choosing multiplication factors for altitudes above 2 000 m exist.
Table 22 +'Multiplication factors for clearances and test voltages
Altitude bar‘ll':::nn:tall'ic Mt;ltiplic?tion Multiplication factor for electric strength test voltages
t
N Qepsure clf;;r(:arnc(:ers 20,01 mm to 20,0625 mm to 21 mm to 210 mm|to
kPa <0,0625 mm <1 mm <10 mm <100 mm
2 0oQ 80,0 1,00 1,00 1,00 1,00 1,00
3000 70,0 1,14 1,05 1,05 1,07 1,10
4000 62,0 1,29 1,10 1,10 1,15 1,20
5000 54,0 1,48 1,17 1,16 1,24 1,33

Linear interpolation may be used between the nearest two points, the calculated minimum multiplication factor
being rounded up to the next higher 0,01 increment.

5.4.3 Creepage distances

5.4.31 General

Creepage distances for frequencies up to 30 kHz shall be so dimensioned that, for a given
r.m.s. working voltage, pollution degree and material group, no flashover or breakdown of

insu

lation (for example, due to tracking) will occur.
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Creepage distances for frequencies higher than 30 kHz are under consideration. The
creepage distance requirements for frequencies up to 30 kHz can be used for frequencies
over 30 kHz until additional data is available.

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector
(including an opening in the enclosure) and conductive parts that are connected to ES2
within the connector (or in the enclosure) shall comply with the requirements for basic
insulation.

The creepage distance between the outer insulating surface (see 5.4.3.2) of a connector
(inc —ar—epenirg— erelosure—and——eoenduetive—pa hat—a conrrecte d—to—S3
within the connector (or in the enclosure) shall comply with the requirements for reinfoyced
insulation.

As Jan exception, the creepage distance may comply with the requirements’ for basic
insylation if the connector is:

— fixed to the equipment; and

— located internally to the outer electrical enclosure of the equipment; and
— only accessible after removal of a subassembly that

b is required to be in place during normal operating condjtions, and

b is provided with an instructional safeguard to repla¢e the removed subassembly.

NOTE 1 The tests of 5.4 apply to such connectors after removal-of.the subassembly.

For [all other creepage distances in connectors,.including connectors that are not fixed tq the
equ|pment, the minimum values determined in @accordance with this subclause apply.

The|above minimum creepage distances*for connectors do not apply to connectors listgd in
Clayise G.20.

NOTE 2 For creepage distances below 2mm, additional information is available in IEC 60664-5.

5.4.3.2 Test method
5.43.2.1 Test conditions

Thi§ subclause spegifies physical conditions that need to be taken into account when
detgermining creepage distances.

The|following )conditions apply:

— movable parts are placed in their most unfavourable positions;

ok , , , . - habi ’ - age
distance measurements are made with supply conductors of the largest cross-sectional
area specified in Clause G.9, and also without conductors;

— when measuring creepage distances from the outer surface of an enclosure of insulating
material through a slot or opening in the enclosure or through an opening in an
accessible connector, the accessible insulated surface shall be considered to be
conductive as if it were covered by a metal foil during the test of V.1.2, applied without
appreciable force (see Figure O.13, point X);

— the dimensions for creepage distances functioning as basic insulation, supplementary
insulation and reinforced insulation are measured after the tests of Annex T;

— for the glass breakage test, see Clause T.9. Damage to the finish, small dents that do not
reduce creepage distances below the specified values, surface cracks and the like are
ignored. If a through crack appears, creepage distances shall not be reduced.
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Compliance is checked by measurement, taking into account Annex O, Annex T,
Annex V.

5.4.3.2.2 Material group and CTI

Material groups are based on the CTI and are classified as follows:

Material Group | 600 < CTI
Material Group I 400 < CTl < 600
Material Group llla 175 < CT1 <400

Matgrial Group Illb 100 < CTlI <175

The
IEC

If the material group is not known, Material Group lllb shall be assumed.

If a
ests
be i
low

5.4.8.3 Compliance

Creppage distances for basic insulation and supplementary insulation shall be not
the minimum values specified in Table 23, .taking into account the value of the r.m.s.
working voltage, the pollution degree and the material group.

tharn

For

If the minimum creepage distance derived from Table 23 is less than the minin

cle
dis

For

60112 using 50 drops of solution A.

cluded in a group if its PTI established by these tests is equal to, or greater than,
r value of the CTI specified for the group.

rance, then the minimum_ clearance shall be applied as the minimum creep
ance.

glass, mica, glazed_ceramic or similar inorganic materials, if the minimum creep

and

material group is verified by evaluation of the test data for the material accoerding to

CTIl of 175 or greater is needed, and the data is not available, theymaterial group caf be
blished with a test for proof tracking index (PTI) as detailed inflEC 60112. A material may

the

ess

reinforced insulation, the values for'’creepage distances are twice the values for basic
insuwlation in Table 23.

hum
age

age

disfance is greater than the applicable minimum clearance, the value of minimum cleardnce

may

be applied as(the’minimum creepage distance.
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Table 23 — Minimum creepage distances for basic insulation

and supplementary insulation in mm

RMS Pollution degree
Voltage | 2 3
up to and Material group
including | |, |, Illa, | 1 Illa, llib | 1l Ila, lllb
\ Hiib see Note
10 0,08 0,4 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 0,95 1,3 1,7 1,9 2,1
100 0,25 0,71 1,0 1,4 1,8 2,0 2,2
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 4,5 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
1000 3,2 5,0 7.1 10 12,5 14 16
1250 4,2 6,3 9,0 12,5 16 18 20
1600 5,6 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
3200 12,5 16 22 32 40 45 50
4 000 16 20 28 40 50 56 63
5 000 20 25 38 50 83 71 80
6 300 25 32 45 63 80 90 100
8 000 32 40 56 80 100 110 125
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
25000 100 125 180 250
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Table 23 (concluded)

RMS Pollution degree
working a
voltage 1 2 ‘ 3
up to and Material group
including || 1, Illa, | ] llla, Illb | ] lla, Illb
b
\Y see Note
32 000 125 160 220 320
40000 160 200 280 400
50 000 200 250 360 500
63 000 250 320 450 600

NOTE Material group llIb is not recommended for applications in pollution degree 3 with) an
r.m.s. working voltage above 630 V.

Linear interpolation may be used between the nearest two points, the calculated~minimum
creepage distance being rounded to the next higher 0,1 mm increment or the value'in the next
row below whichever is lower.

For reinforced insulation, the rounding to the next higher 0,1 mm increment or to double the
value in the next row is done after doubling the calculated value for basic)insulation.

@ The values for pollution degree 1 may be used if a sample complies, with the tests of 5.4.8.

Table 24 — Minimum values of creepage distances farfrequencies higher than 30 kiHz

beak Creepage distances
working mm
voltage
30kHz <f< | 100 kHz <f | 200 kHz < f, | 400 kHz<f | 700 kHz<f | 1 MHz<f | 2 MHz qf
kv 100 kHz | <200kHz | <400 kHz~| <700kHz | <1MHz | <2MHz | <3 MH

NQTE Requirements for creepages distances.at frequencies above 30 kHz are under consideration.

5.4.E Solid insulation
5.4.4.1 General requirements

Thig subclause specifiesigéneral requirements for solid insulation.

The| requirements “of this subclause also apply to compounds and gel materials used as
insylation. They:do not apply to thin sheet materials.

Solid insulation shall not break down:

— (ue to overvoltages, including transients, that enter the equipment, and peak voltages [that
Tay be generated withimm threequipmernt;amd

— due to pinholes in thin layers of insulation.

Solvent-based enamel coatings shall not be used for basic insulation, supplementary
insulation or reinforced insulation except as given in G.11.1.2.

Except for printed boards, solid insulation shall either:

— comply with minimum distances through insulation in accordance with 5.4.4.2; or

— meet the requirements and pass the tests in 5.4.4.3 to 5.4.4.7, as applicable.

Glass used as solid insulation shall comply with the glass breakage test as specified in
Clause T.9. Damage to the finish, small dents that do not reduce clearances below the
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specified values, surface cracks and the like are ignored. If a through crack appears,
clearances shall not be reduced below the specified values.

For printed boards, see Clause G.18. For antenna terminals, see 5.4.5. For solid insulation

oni

5.4.

nternal wiring, see 5.4.6.

4.2 Minimum distance through insulation

Except where another subclause of Clause 5 applies, distances through insulation shall be
dimensioned according to the application of the insulation and as follows (see Figure O.15

and

5.4.

Eiqure O 16):
) 7

if the working voltage does not exceed ES2 voltage limits, there is no requiremen
jistance through insulation;

If the working voltage exceeds ES2 voltage limits, the following rules apply:
b for basic insulation, there is no minimum distance through insulation Specified;

p for supplementary insulation or reinforced insulation comprised of a single I3
the minimum distance through insulation shall be 0,4 mm;

» for supplementary insulation or reinforced insulation comprised of multiple lay
the minimum distance through insulation shall comply with5.4.4.6.

#.3 Insulating compound forming solid insulation

Thefe is no minimum internal clearance or creepage, distance if the insulating compg
completely fills the casing of a component or subassémbly, including a semiconductor de

(for

example, an optocoupler) provided that (see Figure O.15):

he component or subassembly meets*<the minimum distances through insul3
bf 5.4.4.2; and

h single sample passes the tests of 54.8.

NOTE 1 Alternative requirements for semicenductor devices are given in 5.4.4.4, and in Clause G.16.

For

printed boards, see Clause.G.18 and for wound components, see 5.4.4.7.

NOTE 2 Some examples of such treatment are variously known as potting, encapsulation and va

impr

bgnation.

NOTE 3 Such constructions may contain cemented joints in which case 5.4.4.5 also applies.

5.4.

4 Solid\insulation in semiconductor devices

There is no_minimum internal clearance or creepage distance, and no minimum dists
throjugh ,ifsulation for supplementary insulation or reinforced insulation consisting o
insylating’ compound completely filling the casing of a semiconductor component
examplée, an optocoupler) provided that the component satisfies one of the following a) @
(see Figure 0.15):

for

yer,

ers,

und
vice

tion

uum

nce
f an
(for

r b)

a) passes the type tests and inspection criteria of 5.4.9; and passes routine tests for

b)

electric strength during manufacturing, using the appropriate test in 5.4.11.1; or
complies with Clause G.16.

As an alternative to a) and b) above, a semiconductor may be evaluated according to 5.4.4.3,
if applicable.

NOTE Such constructions may contain cemented joints in which case 5.4.4.5 also applies.
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5.4.4.5 Insulating compound forming cemented joints

This subclause specifies requirements when an insulating compound forms a cemented joint
between two non-conductive parts or between another non-conductive part and itself.

Where the path between conductive parts is filled with insulating compound, and the
insulating compound forms a cemented joint between two non-conductive parts or between a
non-conductive part and itself (see Figure O.14, Figure O.15 and Figure O.16), one of the
following a), b) or ¢) applies.

a) The distance along the path between the two conductive parts shall be not less than the
minimum clearances and creepage distances for pollution degree 2. The requiremgnts
or distance through insulation of 5.4.4.2 do not apply along the joint.

b) The distance along the path between the two conductive parts shall not be less, than|the
minimum clearances and creepage distances for pollution degree 1. Additionally, [one
sample shall pass the test of 5.4.8. The requirements for distance through insulation in
b.4.4.2 do not apply along the joint.

c) The requirements for distance through insulation of 5.4.4.2 apply between the condugtive
barts along the joint. Additionally, three samples shall pass the test.of 5.4.9.

For|a) and b) above, if the insulating materials involved have different material groups,|the
worst case is used. If a material group is not known, Material Group IlIb shall be assumed

For|b) and c) above, the tests of 5.4.8 and 5.4.9 are not applied to the inner layers pf a
prinfed board made using pre-preg if the temperature’of-the printed board measured during
the heating test of 5.4.1.5 does not exceed 90 °C.

NOTE 1 No actual clearance or creepage distance exists' unless the joint comes apart (for example, djie to
ageing). To cover this possibility, the requirements and tests of c) apply if the minimum clearances and creepage
distgnces according to a) or b) are not met.

NOTE 2 Some examples of cemented joints are_as follows:

- wo non-conductive parts cemented together (for example, two layers of a multilayer board, see Figure ¢.14)
r the split bobbin of a transformer where the centre limb is secured by adhesive (see Figure 0.16);

- pirally wrapped insulation on a winding wire, sealed by adhesive insulating compound, is an example of HD1;

- he joint between a non-conductive part (the casing) and the insulating compound itself in an optocoupler|(see
Figure O.15).

5.4.E.6 Thin sheet)material
5.44.6.1 General requirements

Thefe is ng_dimensional or constructional requirement for insulation in thin sheet mategrial
usefl as basic insulation.

NOTE_“An instrument to carry out the electric strength test on thin sheets of insulating material is described in
Figure 36.

Insulation in thin sheet materials may be used for supplementary insulation and reinforced
insulation, irrespective of the distance through insulation, provided that

— two or more layers are used;
— the insulation is within the equipment enclosure;

— the insulation is not subject to handling or abrasion during ordinary person or instructed
person servicing; and

— the requirements and tests of 5.4.4.6.2 (for separable layers) or 5.4.4.6.3 (for non-
separable layers) are met.
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It is not required for the two or more layers to be fixed to the same conductive part. The two
or more layers can be:

— fixed to one of the conductive parts requiring separation; or

— shared between the two conductive parts; or

— not fixed to either conductive part.

For

insulation in three or more layers of non-separable thin sheet materials:

— minimum distances through insulation are not required; and

5.4.4.6.2 Separable thin sheet material

In a

— supplementary insulation consisting of two layers of material, each layer shall pass

— supplementary insulation consisting of three layers of material,(any combination of

If m
Eac

A test on a layer or group of layers is not repeated on an identical layer or group.

The

5.4.

For

of 5/4.4.6.1, the test procedures in Table 25 are applied. There is no requirement for all la
of insulation to be of/the’'same material and thickness.

Compliance is ehecked by inspection and by the tests specified in Table 25.

pbach layer of insulation does not have to be of the same material.

ddition to the requirements of 5.4.4.6.1, for:

blectric strength test for supplementary insulation; or

ayers shall pass the electric strength test for supplementary_ insulation; or

reinforced insulation consisting of two layers of material, each layer shall pass
blectric strength test for reinforced insulation; or

feinforced insulation consisting of three layers of material, any combination of two la
bhall pass the electric strength test for reinforced.insulation.

ore than three layers are used, layers may be divided into two or three groups of lay
h group of layers shall pass the electric strength test for the appropriate insulation.

re is no requirement for all layers'of insulation to be of the same material and thicknes
$.6.3 Non-separable thin sheet material
insulation consisting of\non-separable thin sheet materials, in addition to the requirem

Table 25 — Tests for insulation in non-separable layers

Number of layers Test procedure

the

two

the

ers

ers.

uJ

bnts
yers

Supplementary insulation

Two or more layers: The test procedure of 5.4.4.6.4 is applied

Reinforced insulation

Two layers: The test procedure of 5.4.4.6.4 is applied

Three or more layers: The test procedures of 5.4.4.6.4 and 5.4.4.6.5 ® are applied

NOTE The purpose of the tests in 5.4.4.6.5 is to ensure that the material has adequate strength to
resist damage when hidden in inner layers of insulation. Therefore, the tests are not applied to
insulation in two layers. The tests in 5.4.4.6.5 are not applied to supplementary insulation.

# Where the insulation is integral to winding wire, the test does not apply.
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5.4.4.6.4 Standard test procedure for non-separable thin sheet material

For non-separable layers, electric strength tests are applied in accordance with 5.4.11.1 to all
layers together. The test voltage is:

— 200 % of Uiy, if two layers are used; or

— 150 % of U,y if three or more layers are used,

where U,q; is the highest of the test voltages specified in Table 31, Table 32 or Table 33 for
supplementary insulation or reinforced insulation as appropriate.

NOTE Unless all the layers are of the same material and have the same thickness, there is a possibility thithe
test poltage will be shared unequally between layers, causing breakdown of a layer that would have.passed if
tested separately.

5.4.4.6.5 Mandrel test

Thig subclause specifies the test requirements for reinforced insulation made of thre
morg thin insulating sheets of material that are inseparable.

D

or

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 pon-
separable thin sheet material forming reinforced insulation, are used. One sample is fixgd to
the mandrel of the test fixture (Figure 32) as shown in Figure 33.

—— Side view

Side view
3 Partial section
R
R=0,540,02 e
\ 4
7

—— Partial top view
Matefjial: steelwnickel plated or brass

Figure 32 — Mandrel

IEC 1276/05



https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

62368-1 © IEC:2010(E) - 97 -

a) Initial b) Final
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The final position of the mandrehjis rotated 230° + 5° fr
initial position.

Figure 33 — Initial position of Figure 34 — Final position of mandrel
mandrel

Il is applied to the free end of the sample, using,an appropriate clamping device.
drel is rotated:

from the initial position (Figure 33) to the finalposition (Figure 34) and back;
hs above for a second time;

from the initial position to the final position.

sample breaks during rotation where it is fixed to the mandrel or to the clamping dey
does not constitute a failure. If a sample breaks at any other place, the test has failed,

r the above test, a sheet\of metal foil, 0,035 mm # 0,005 mm thick, at least 200 mm |
aced along the surface-of the sample, hanging down on each side of the mandrel
re 34). The surface‘ef the foil in contact with the sample shall be conductive, not oxid|
therwise insulatedy~The foil is positioned so that its edges are not less than 20 mm
edges of the sample (see Figure 35). The foil is then tightened by two equal weights,
ach end, using. appropriate clamping devices.

Metal foil

m the

The

ice,

bng,
see
ized
rom
one

Insulating material —— g

20 30 20

70

IEC 1278/05

Dimensions in millimetres

Figure 35 — Position of metal foil on insulating material
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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

5.4.

the

11.1. The test voltage is 150 % of Uiegy, but not less than 5 kV r.m.s. Ui, is the highest of
test voltages specified in Table 31, Table 32 or Table 33 for reinforced insulation as

appropriate.

The test is repeated on the other two samples.

5.4.

Pla

NOTE 1 Planar transformers are subject to the requirements of Clause G.18.

4.7 Solid insulation in wound components

ar transfaormers are not considered to be wound comnaonents
g

Baslic insulation, supplementary insulation or reinforced insulation in)‘a wdund

component may be provided by

NOTE 2 Wound components may contain cemented joints in which case 5.4.4)5 also applies.

For
ins

supplementary insulation by additional insulation complying with G.11.2, or vice versa.

wo

Co

Bajic insulation, supplementary insulation “and reinforced insulation in the finighed

5.4I.8 Compliance

he insulation on winding wire or other wire (see G.11.1); or
bther insulation (see G.11.2); or

h combination of the two.

double insulation between the conductor of a wire_and another conductive part, basic
lation may be provided by insulation complying/with G.11.1 on the wire or wires |and

nd component shall pass routine tests for electric strength in accordance with 5.4.11 1.

pliance with the requirements 0f5.4.4.2 to 5.4.4.7 for the adequacy of solid insulatign is

verified by inspection and measurement, taking into account Annex O, by the electric strepgth

tests of 5.4.11.1 and the additional tests required in 5.4.4.2 to 5.4.4.7, as applicable.

5.4.

The|suitability of the 'solid insulation shall be determined as follows.

#.9 Solid insulation requirements at frequencies higher than 30 kHz

Determine {he value of the breakdown electric field strength of the insulation materigl or
pach individual foil at power frequency Ep in kV/mm for the insulating material. Selegted
materials-are listed in Table 26.

Determlne the reduct|on factor KR for the breakdown electrlc field strength of|the

Table 28 If the materlal is not one Ilsted in Table 27 or Table 28, use the average
reduction factor in the last row of Table 27 or Table 28 as applicable.

Determine the value of the breakdown electric field strength at the applicable frequency Eg
by multiplying the value Ep with the reduction factor K.

Eg = Ep x Kg

Determine the actual electric strength 7y, of the insulating material by multiplying the
value Eg with the total thickness (4 in mm) of the insulating material.

Vw = Epxd

For basic insulation or supplementary insulation, V), shall exceed the measured high
frequency peak working voltage /'p by 20 %.
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Vw>1.2x Vpyw

— For reinforced insulation, J,, shall exceed twice the measured high frequency peak
working voltage Vpy, by 20 %.

Vw>1,2x2X Vpy

Table 26 — Electric field strength Ep for some commonly used materials

Breakdown electric field strength E,
Material Thickness of the material
mm
0,75 0,08 0,06 0,05 0,0

Porcglain 9,2 - - - -
Silicpn-glass 14 - - - -
Pherolic 17 - - - -
Ceramic 19 - - - -
Teflgn 27 - - - -
Melamine-glass 27 - - - -
Mica 29 - - - -
Papqgr phenolic 38 - - - -
Polygthylene 50 - - 52 -
Polystyrene 55 65 - - -
Glasp 60 - - - -
Poly¢thylene 49 - - - -
Kaptpn 303 - - - -
TIW 70 - - - -
FR530L 33 - - - -
Micatfilled phenolic 28 - - - -
Glasp-silicone laminate 18 - - - -
Celldlose-acetobutyrate - - 120 - 21
Poly¢arbonate - - 160 - 27
Celllose-triacetate - - 120 - 21
NOTE 1 It is,assumed that materials are equal to or thicker than 0,75 mm where no thickness has been mentiohed.
Sucp materials-that do not have E, information at very small thickness actually have a better £, value at the gmall
thickness-than the Ep value at 0,75 mm thickness.

NOTE< ,Missing values are under investigation.
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Table 27 — Reduction factors for the value of breakdown
electric field strength Ep at higher frequencies

Frequency
kHz
Material * 30 | 100 [ 200 [ 300 | 400 [ 500 | 1000 [ 2000 [ 3000 | 5000 | 10000
Reduction factor Kr
Porcelain 052 |042 |o040 |039 |o038 |037 |o036 |035 |035 |o034 |030
Silicon-glass | 0,79 | 0,65 |057 |053 |049 |o046 |039 |033 031 |029 026
Phenotic 6:82—— B F—— 053|042 ——6-36——|-6-34—6-24—046—6H4—648 | 0,12
Cerapnic 078 |o064 |o062 |056 |o054 |051 |o046 |o042 |037 o3 |o0,29
Tefldn 057 |054 |o052 |051 |o048 |046 |045 |o044 |0417)03F |[o0,22
g’::'sasmi”e' 048 |041 |031 |o027 |024 |o022 |o16 |o012 |10 |oob |006
Mica 069 |055 |o048 |045 |o041 |038 |034 |0280702 |o2k |o0,20
Papdr phenolic | 0,58 | 0,47 |040 |032 |026 |023 |o016 |@117 |o008 |006 | 0,05
Polybthylene | 0,36 | 028 |022 |o021 |020 |o019 |o0160P013 |o012 |01 |01
Polydtyrene 035 |022 |o015 |013 |o013 |o11 |o008” |006 |006 |00 |o0,06
Glash 037 |021 |o015 |013 |o011 |o010 ~]0ls |o006 |005 |00 0,04

b
Other materials | 0,43 0,35 0,30 0,27 0,25 0,24 0,20 0,17 0,16 0,1¢ 0,12

® This data is for materials that are 0,75 mm thick.

Table 28 — Breakdown electric field strength reduction values
at a.c. frequency for thin foils

Frequency
kHz
[hin foil material 30 | 100 {200 | 300 | 400 | 500 |1000] 2000 | 3000 | 5000 |10 000

Reduction factor Ky

CellJlose-acetobutyrate

p 0,67 0,43 0,32 0,27 0,24 | 0,20 | 0,15 | 0,11 0,09 0,01 0,06
(0,03 mm)

CellJlose-acetobutyrate
(0,04 mm)

Poly¢arbonate (0,03 mm) 0,61 0,39 0,31 0,25 0,23 | 0,20 | 0,14 | 0,10 0,08 0,0 0,05
Poly¢arbonate (0,06-mm) 0,70 0,49 0,39 0,33 0,28 | 0,25 | 0,19 | 0,13 0,11 0,0 0,06

0y69 0,49 0,36 0,30 0,26 0,23 | 0,17 | 0,13 0,11 0,0 0,06

Celldlose-triacetate

p 0,67 0,43 0,31 0,26 0,23 0,20 | 0,14 | 0,10 0,09 0,01 0,06
(0,03 mm)

Celldlose-triacetate
(0,04 mm)

Other thin foil materials 0,68 0,46 0,34 0,29 0,25 0,22 | 0,16 0,12 0,10 0,08 0,06

0,72 0,50 0,36 0,31 0,27 | 0,23 | 0,17 | 0,13 0,10 0,1 0,06

5.4.5 Antenna terminal insulation
5.4.5.1 General
This subclause specifies the tests for insulation

— between antenna terminals and mains, and
— between antenna terminals and ES1 circuits or ES2 circuits
e isolated from the antenna circuits, and

e having terminals for connection to external circuits.
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The insulation shall withstand surges due to overvoltages at the antenna terminals.

This test does not apply to equipment where one antenna terminal on the equipment is
connected to earth in accordance with 5.6.8.2.

NOTE In China, connection of the CATV to the main protective earthing terminal of equipment is not permitted.

If a mains-connected equipment provides non-mains supply voltages to other equipment
having antenna terminals, the test shall apply between mains terminals and the non-mains
supply voltage terminals.

5.4.'5.2 Test method

Thelinsulation shall be tested as described in G.14.3.2. The equipment shall be placed ofp an
insdlating surface. The impulse test generator output shall be connected to'\the antgnna
ternpinals connected together and to the mains terminals connected together. 'The equipment
is npt energized during this test.

If the equipment has ES1 circuits or ES2 circuits that are isolated frotn the antenna cirquits
and| that have terminals for connection to external circuits, the(test is repeated with|the
genprator connected to the antenna terminals connected togethersand the external cincuit
terminals connected together.

NOTE Test personnel are cautioned not to touch the equipment during<this test.
5.4.5.3 Compliance

Compliance is checked by measuring the insulation resistance with 500 V d.c.

The| apparatus is deemed to comply wijthothe requirement, if the insulation resistgnce
medgsured after 1 min is not less than the values given in Table 29.

Table 29 — Values for insulation resistance

Insulation
Insulation requirements between parts resistance
MQ
Between parts separated by basic insulation or by 2
supplementary insulation
Between parts separated by double insulation or 4
reinforced insulation

5.4.p lasulation of internal wire as a part of a supplementary safeguard

The| requirements of this subclause apply where the insulation of an internal wire, alpne,

meets—theTequirerments—for basic—imsulatiom,—but—doesTot—meet—the—Tequirements for

supplementary insulation.

An example of such internal wiring is the wiring in a circuit isolated from the mains at a
voltage level not exceeding ES1 voltage level.

These requirements apply to a wire that is located in a circuit isolated from the mains at a
voltage level not exceeding ES1 voltage level that is isolated from ES3 by a basic safeguard
only.

Where wire insulation is employed as part of a supplementary insulation system and the
wire insulation is accessible to an ordinary person:

— the wire insulation does not need to be handled by the ordinary person;
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— the wire is placed such that the ordinary person is unlikely to pull on it, or the wire shall
be so fixed that the connecting points are relieved from strain;

— the wire is routed and fixed such as not to touch unearthed accessible conductive parts;

— the wire insulation passes the electric strength test of 5.4.11.1 for supplementary
insulation;

— the distance through the wire insulation shall be at least as given in Table 30.

Table 30 — Distance through insulation of internal wiring

Workin e ini istance
in case of'f'a‘illtlx‘l:; of basicvinsulation through inslt‘;I-;t.i.;‘r'i
V peak or d.c. V r.m.s. (sinusoidal) mm
>71 <350 >50 < 250 0,17
>350 >250 0,31

Compliance is checked by inspection and measurement, and by the test of 5/4.11.1.

5.4.

A S84
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7 Thermal cycling test procedure

mple of a component or subassembly is subjected to the following sequence of tests.
ple is subjected 10 times to the following sequence of thermal cycling:

8 h at Ty £2°C;

h at 25°C £2 °C;

h at 0°C+2°C;

1h at 25°C +2°C.

F Ty + Tona — Tamp + 10 K, measuredijn accordance with B.1.7, or 85 °C, whichevg
er. However, the 10 K margin isSnot added if the temperature is measured by
edded thermocouple or by the resistance method.

i$ the temperature of the parts measured during the test of 5.4.1.5.

significance of T, and-T,,, are as given in B.2.6.1.

period of time_taken for the transition from one temperature to another is not speci
fhe transition may be gradual.

B Test\for pollution degree 1 environment and for an insulating compound

test is conducted when it is required to verify a pollution degree 1 environment
n‘réquired by 5.4.4.3.

A sample is subjected to the thermal cycling sequence of 5.4.7.

The

ris
an

fied,

and

It is allowed to cool to room temperature and is then subjected to the humidity conditioning of

5.4.

10, followed immediately by the electric strength tests of 5.4.11.1.

Compliance is checked by inspection and measurement. There shall be no visible cracks in
the insulating material. For compliance with 5.4.4.3, the sample is also sectioned, and there
shall be no visible voids in the insulating material.
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5.4.9 Tests for semiconductor components and for cemented joints

Three samples are subjected to the thermal cycling sequence of 5.4.7. 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 electric strength test of 5.4.11.1, immediately after
the last period at T, + 2 °C during thermal cycling, except that the test voltage is multiplied
by 1,6;

— fhe other samples are subjected to the relevant electric strength test of 5.4.11.1 aften the
humidity conditioning of 5.4.10, except that the test voltage is multiplied by 1,6.

Compliance is checked by inspection of the cross-sectional area and measuyrement. There
shall be no visible voids, gaps or cracks in the insulating material. In the case of multilayer
prinfed boards, there shall be no delamination.

5.4.10 Humidity conditioning

Humidity conditioning is carried out for 48 h in a cabinet or room_eohtaining air with a relgtive
humyidity of 93 % + 3 %. The temperature of the air, at all(places where samples can be
locdted, is maintained within 2 °C of any value t betwéen 20 °C and 30 °C so |that
con@lensation does not occur. During this conditioning, the_component or subassembly is| not
enefgized.

Forltropical conditions the time duration shall be 120 h at a temperature of 40 °C +2 °C apd a
relafive humidity of 93 % + 3 %.

Befpre the humidity conditioning, the sample is brought to a temperature between|the
spegified temperature t and (t + 4) °C.

5.4.11 Electric strength test
5.4.11.1 Test procedure fof a solid insulation type test
Unléss otherwise specified, compliance is checked either

— [mmediately following the temperature test in 5.4.1.5, or

— [f a compongnt-or subassembly is tested separately outside the equipment, it is broughnt to
he temperature attained by that part during the temperature test in 5.4.1.5 (for example,
by placing)it in an oven) prior to performing the electric strength test.

Altefrnatively, thin sheet material for supplementary insulation or reinforced insulation fnay
be tested at room temperature.

Unless otherwise specified elsewhere in this standard, the test voltage for the electric
strength of basic insulation, supplementary insulation or reinforced insulation is the
highest value of the following three methods:

Method 1: Determine the test voltage according to Table 31 using the required withstand
voltage (based on transient voltages from the a.c. mains or d.c. mains or from external
circuits).

Method 2: Determine the test voltage according to Table 32 using the peak working voltage.

Method 3: Determine the test voltage according to Table 33 using the nominal mains voltage
(to cover temporary overvoltages).
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insulation is subjected to the highest test voltage as follows:

— by applying an a.c. voltage of substantially sine-wave form having a frequency of 50 Hz or
60 Hz; or

— by applying a d.c. voltage in one polarity and then in reverse polarity.

The voltage applied to the insulation under test is gradually raised from zero to the prescribed
voltage and maintained at that value for 60 s (for routine tests see 5.4.11.2).

Insulation coatings are tested with metal foil in contact with the insulating surface. This

prog
then
sep
of tf

To
like

Clawise G.10 may be removed during the test.

For
rein
doe

NOT
capa

NOT
for fi

Whe
acc
acc

NOT
high
voltal

e are sharp metal edges under the insulation). If practicable, insulating linings are te
hrately. Care is taken that the metal foil is so placed that no flashover occurs at the ed
e insulation. Where adhesive metal foil is used, the adhesive shall be conductive:

hvoid damage to components or insulations that are not involved in thectest, ICs, or
may be disconnected and equipotential bonding may be used. An M@V complying

equipment incorporating basic insulation and supplementary)insulation in parallel
forced insulation, care is taken that the voltage applied. t&)the reinforced insula
5 not overstress basic insulation or supplementary insulation.

EF 1 Where capacitors are in parallel with the insulation undep test (for example, radio-frequency
citors), d.c. test voltages should be used.

F 2 Components providing a d.c. path in parallel with the/insulation to be tested, such as discharge resi
ter capacitors and voltage limiting devices, should be disconnected.

brdance with 5.4.1.7, an electric strength test method is used that stresses the insul3
brdingly.

E 3 An example of such a test methed is an induced voltage test that is applied at a frequency suffici
to avoid saturation of the transformer. The input voltage is raised to a value that would induce an o
ge equal to the required test voltage:

Table 31 — Test voltages for electric strength tests based on transient voltages

redure TS firmitedtoplaces wiere theirsufation s iikely tobeweak (for exampie, where

sted
ges

the
with

with
fion

filter

stors

bre insulation of a transformer winding, varies along the length of the winding in

tion

ently
Ltput

Required withstand Test voltage for basic Test voltage for
voltage insulation or supplementary reinforced insulation
up to and.ncluding insulation
k\/<peak kV peak a.c. or d.c.
0,33 0,33 0,5
0,5 0,5 0,8
0.8 0,8 75
1,5 1,5 2,5
2,5 2,5 4
4,0 4 6
6,0 6 8
8,0 8 12
12 12 18
Ug*® Ug® 1,6 x Ug ©

Linear interpolation may be used between the nearest two points.

Uy is any required withstand voltage higher than 12,0 kV.
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Table 32 — Test voltages for electric strength tests based on peak working voltages

- 105 -

Peak working voltage . Tes! voltage for basic Test voltage for
up to and including msulatlor_i or supplementary reinforced insulation
insulation
kV peak kV peak or d.c.
0,33 0,43 0,53
0,5 0,65 0,80
0,8 1,04 1,28
15 195 24
2,5 3,25 4,0
4,0 5,20 6,40
6,0 7,80 9,60
8,0 10,40 12,8
12,0 15,60 19,2
Up ® 1,3><UF,a 1,6><UF,a
U, is any peak working voltage higher than 12,0 kV.

Table 33 — Test voltages for electric strength tests based-on temporary overvoltagés

Test voltage for basic
insulation or supplementary

Test voltage for
reinforced insulation

Nominal mains voltage insulation
Vr.m.s. V peak or d.c.
120 1 867 3734
230 2022 4 044
600 2 545 5090
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Metal pin having a

mass of 100g +5¢ \\

Metal frame holding the upper pin in an upright
position and allowing it to move up and down

[ ]
|

\ —— | ~=— 5 mmz0,1 mm

The, edges of the te]

rounded with a radi
of 0,5 mm
Specimen :W?

under test

Z5mm+0,1mm —= /

NOT

The
hav
rapi
the

brea

5.4.

Ro(

Insulating /

base

Terminals for test voltage

Figure 36 — Example of electric strength test instrument for solid insulation

E 4 The instrument of Figure 36 may_.be used for testing specimens of thin sheet insulation.

re shall be no insulation breakdown during the test. Insulation breakdown is considere
p occurred when the current that flows as a result of the application of the test volt
fly increases in an uncontrolled manner, that is, the insulation does not restrict the flo
current. Corona distharge or a single momentary flashover is not regarded as insulg
kdown.

11.2 Testprocedure for routine tests
tine tests are performed according to 5.4.11.1, except for the following:

the test may be performed at room temperature; and

St pin
I

d to
hge,
v of
tion

he duration of the eleclric strength test shall be between T s to 4 s; and

the test voltages in Table 31, Table 32 and Table 33 may be reduced by 10 %.

NOTE The above test condition is also applicable to routine tests in production of the equipment or

suba

ssemblies.

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 does not restrict the flow of
the current. Corona discharge or a single momentary flashover is not regarded as insulation
breakdown.
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5.4.12 Protection against transient voltages from external circuits
5.4.12.1 Requirements

Equipment with external circuits as indicated in Table 16, ID numbers 11, 12, 13, 14, 15, 16,
and 17 shall provide adequate electrical separation between an external circuit and:

unearthed conductive parts; or

non-conductive parts of the equipment expected to be held or otherwise maintained in
continuous contact with the body during normal use (for example, a telephone handset or
head set or the palm rest surface of a laptop or notebook computer); or

— another ES1 or ES2 part separated from the external circuit; or
— Q@ccessible parts and circuitry, except for the pins of connectors. However, suchpins ghall
not be accessible under normal operating conditions by the blunt probe of Figure V [3.

5.4.12.2 Compliance and test method

Compliance is checked by electric strength test for basic insulation in accordance with
5.411.1 applied across the electrical separation. For the tests, all-conductors, inclufling
shidld of coaxial cable, intended to be connected to the external circuit are connefted
together, including any conductors that may be connected to earth in the external cirguit.
Simjlarly, all conductors intended to be connected to other external circuits are connefted
togeather.

Non-conductive parts are tested with metal foil in contaet with the surface.

The| test voltage shall be selected from the highest of Table 31, Table 32 and Table 33.|For
partls expected to be held or touched during nermal operating conditions, the test voliage
shall be for reinforced insulation.

5.4.13 Separation between external;circuits and earth
5.4/13.1 General

Thepe requirements apply only 1o external circuits indicated in Table 16, ID numbers 11) 12,
13 3and 14.

Thepe requirements dothot apply to external circuits of:

— permanently.connected equipment, or

— pluggable equipment type B; or

tationary pluggable equipment type A, that is intended to be used in a location haying

quipotential bonding (such as a telecommunication centre, a dedicated computer room or

restricted access area) and has installation instructions that require verification oiylnthe
= O1T, Ot

stationary pluggable equipment type A, that has provision for a permanently connected
protective earthing conductor, including instructions for the installation of that conductor
to building earth by a skilled person.

NOTE In Norway and Sweden, the exclusions are applicable for permanently connected equipment, pluggable
equipment type B and equipment intended to be used in a restricted access area where equipotential bonding
has been applied, for example, in a telecommunication centre, and which has provision for a permanently
connected protective earthing conductor and is provided with instructions for the installation of that conductor by
a skilled person.

5.4.13.2 Requirements

There shall be insulation between circuitry intended to be connected to external circuits
mentioned above and any parts or circuitry that will be earthed in some applications, either
within the EUT or via other equipment.
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SPDs that bridge the insulation between ES1 or ES2 external circuits and earth shall have a
minimum rated operating voltage Uop (for example, the sparkover voltage of a gas discharge
tube) of:

U,

op = Upeak * AU, + AU,

sa

where

U

peak 1S one of the following values:

— for equipment intended to be installed in an area where the nominal voltage of the

a.c.

N
5.4.

Con

mains exceeds 150 V: o000 V

+ for all other equipment: 180 V.

U,

be taken as 10 % of the rated operating voltage of the SPD.

sa is the maximum increase of the rated operating voltage‘due to the SPD ag
over the expected life of the equipment. If this is_fnot specified by the
manufacturer, A Ug, shall be taken as 10 % of the [rated operating voltag
the SPD.

OTE (AUSID + AU, ) may be a single value provided by the component manufacturer.
13.3 Compliance and test method

ipliance is checked by inspection and by the electric strength test of 5.4.11.1.

Components that bridge the insulation, otherd¢han capacitors, may be removed during ele

stre

If ¢
Figd

For
rate
equ
nom
exa

The

ngth testing. Components that are left in*place during the test shall not be damaged.

bmponents are removed, the fellowing additional test with a test circuit accordin
re 37 is performed with all components in place.

equipment powered from>a.c. mains, the test is performed with a voltage equal to
d voltage of the equipment or to the upper voltage of the rated voltage range.
pment powered from.d.c. mains, the test is performed with a voltage equal to the hig
inal voltage of the' a.c. mains in the region where the equipment is to be used
mple, 230 V fof Europe or 120 V for North America).

current flowing in the test circuit of Figure 37 shall not exceed 10 mA.

sp is the maximum increase of the rated operating voltage due to'variationjs in
SPD production. If this is not specified by the SPD manufacturer, A Usp ghall
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5PD
e of

ctric

y to

the
For
hest
(for



https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

62368-1 © IEC:2010(E) - 109 -

EUT Y
Insulation
Connection for

protective earth or

Components bridging
the insulation, for example,
surge suppressors

Connectionfor |
mains supply Connection for
(notconneded) — telecomunication

\ network
(not connected)

parts ar circuitnyto bhe
onneded to
brotective earth

Rated voltage
5000 Q

[0 (o)
/ N

Figure 37 — Test for separation between a telecommunicationmetwork and earth

5.5| Components as safeguards

5.5 General

Thig subclause specifies applications of components that serve as (electrical) safeguards or
that|bridge safeguards.

NOTE See Annex G for the qualification of safety components.

If alcomponent bridges a safeguard, then(it“shall also comply with all the requirementg for
that|safeguard as applicable.

5.5.p Components as basic safeguard and supplementary safeguard

5.5..1 General requirements

For| components used as-—a basic safeguard, the insulation shall comply with basic
insylation.

For|components, used as a supplementary safeguard, the insulation shall comply with
supplementary.insulation.

Conpponents-may be used as a basic safeguard or supplementary safeguard, but on

use

J within their ratings.

5.5.

ly if

2.2 Capacitors and RC units as a basic safeguard and a supplementary
safeguard

Capacitors and RC units may be used as basic safeguards. If capacitors and RC units are
used as basic safeguards then they shall comply with the requirements for basic insulation
between their terminations for the total working voltage across the insulation and shall
comply with the requirements as specified in Clause G.15.

NOT

The

E 1 RC units may consist of discrete components.

requirements of Clause G.15 do not apply to the basic insulation provided between:

— ES3 isolated from the mains and protective earth; and

ES2 and protective earth; and
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— ES2 and ES1.

The test of 5.4.11.1 still applies to the above capacitors.

Capacitors and RC units may be used as a supplementary safeguard. If capacitors and RC
units are used as a supplementary safeguard then they shall comply with the requirements
for supplementary insulation between their terminations for the total working voltage
across the insulation and shall comply with the safety requirements as specified in
Clause G.15.

---:--: HSea—a a—basie areadargd—o a a H-PtHemeRn 3 afeguare; RS eak
impllse test voltage of the capacitor shall be at least equal to the required withsta
voltage.

If a lbasic safeguard or a supplementary safeguard consists of more than one capacitof, all
of the following applies:

— Wnder single fault conditions, the voltage on each of the remaining’individual capacitors
Ehall not exceed the voltage rating of the relevant individual capacitors;

— the sum of the peak impulse test voltages of all capacitorscshall be not less than|the
required withstand voltage;

— the sum of the r.m.s. test voltages of all capacitors shall’be not less than the highegt of
he required test voltage of Table 31, Table 32 and Table*33.

NOTE 2 It is common practice to have the same rated capacitance<alue and same rated voltage for all capagitors
in series.

NOTE 3 In Norway, due to the IT power system used, capagcitors are required to be rated for the applicable|line-
to-line voltage (230 V).

Clags X capacitors may be used as basic<safeguards in circuits isolated from the mains| but
shall not be used as:

— @ basic safeguard in circuits connected to the mains; or

— @ supplementary safeguard.
5.5..3 Safeguards against capacitor discharge

For|an ordinary person; where a capacitor voltage is accessible, or becomes accesslible
upoh disconnection-of.a connector (for example, the mains connector), either

— t{he combination of capacitance and voltage shall comply with ES1 limits of Table 7, or

— the circuityshall be provided with a means for discharging the capacitor to ES1 limits of
[able7-within 2 s.

For[aniinstructed person, where a capacitor voltage is accessible, or becomes accesslible
upon disconnection of a connector (for example, the mains connector), either

— the combination of capacitance and voltage shall comply with ES2 limits of Table 7 or

— the circuit shall be provided with a means for discharging the capacitor to ES2 limits of
Table 7 within 2 s.

NOTE The limits apply both to the capacitor itself and to the circuit that charges it.

5.5.2.4 Transformers as a basic safeguard and a supplementary safeguard

Insulation of transformers used as a basic safeguard shall comply with basic insulation
requirements or with the safety requirements of the relevant IEC standard described in Clause
G.7. Insulation of transformers used as a supplementary safeguard shall comply with
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supplementary insulation requirements and Clause G.7 or with the safety requirements of
the relevant IEC standard described in Clause G.7.

5.5.2.5 Optocouplers as basic safeguard and supplementary safeguard

Insulation of optocouplers used as a basic safeguard shall comply with basic insulation
requirements or with the safety requirements of the IEC standard (see Clause G.16).
Insulation of optocouplers used as a supplementary safeguard, shall comply with
supplementary insulation requirements or with the safety requirements of the IEC standard
(see Clause G.16).

5.5.2.6 Relays as a basic safeguard and a supplementary safeguard

Insylation of relays used as a basic safeguard shall comply with basic (insulation
reqyirements or with the safety requirements of the IEC standard as describeq in
Clalise G.17.

Insylation of relays used as a supplementary safeguard shall comply with supplementary
insdlation requirements or with the safety requirements of the IEC.‘standard as described
in Clause G.17.

5.5..7 Resistors as a basic safeguard and a supplementary safeguard

Resjstors may be used as a basic safeguard. If resistofs are used as a basic safeguprd,
then they shall comply with the clearance and creepage distance requirements for basic
insylation between its terminations for the total working voltage across the insulation.

Resjstors may be used as a supplementary. safeguard. If resistors are used as a
supplementary safeguard, they shall comply~with the clearance and creepage distance
reqyirements for supplementary insulation‘between their terminations for the total working
volfage across the insulation.

Baslic insulation or supplementary-insulation may be bridged by one resistor or by a gfoup
of two or more resistors in series‘under the following conditions.

The|resistor or group of resistors shall comply with the minimum clearances of 5.4.2 and the
minjmum creepage distances of 5.4.3 for basic insulation or supplementary insulation as
applicable for the totakworking voltage across the resistor or group. For a group of resisfors,
see|Figure O.4.

If a single resistor is used, it shall pass the resistor test of G.14.2.

If a group*of resistors is used, the clearance and creepage distance are assessed as if dach
resistor, were short-circuited in turn, unless the group passes the resistor test of G.14.2.

NOTE In Finland, Norway and Sweden, resistors bridging basic insulation in class | pluggable equipment
type A must comply with G.14.3.

5.5.2.8 SPD as a basic safeguard

An SPD may be used as a basic safeguard provided that one side of the SPD is earthed
according to 5.6.8.2.

A MOV used as a basic safeguard shall comply with the requirements of Clause G.10.

5.5.2.9 Other components as a basic safeguard between ES1 and ES2

Any type of component may be used as a basic safeguard provided that:
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— two components are in series if a separation is required; or

— two components are in parallel if bonding (connection) is required.

Each component shall be used within its rating.

Components bridging basic insulation serving as a basic safeguard between ES1 and ES2
shall meet the applicable electric strength test in accordance with 5.4.11.1.

5.5.3 Components as a reinforced safeguard

5.5.5.1 General requirements

For [components used as a reinforced safeguard, the insulation shall comply with reinforced
insulation.

A component used as a reinforced safeguard shall be used within its rating.

5.5.5.2 Capacitors and RC units

Capacitors and RC units may be used as a reinforced safeguard)provided they comply with
the [requirements for reinforced insulation between their terminations for the total working
voltage across the insulation. The capacitors and RC units,shall comply with IEC 60384-14
as diven in Clause G.15.

Clags X capacitors shall not be used as a reinforced.-safeguard.

If a reinforced safeguard consists of more thanione capacitor, all of the following applies

— under single fault conditions, the voltage on each of the remaining individual capacitors
Ehall not exceed the voltage rating of the relevant individual capacitors;

— the sum of the peak impulse test voltages of all capacitors shall be not less than twice the
required withstand voltage;

— the sum of the r.m.s. test voltages of all capacitors shall be not less than the highegt of
he required test voltage of_ Table 31, Table 32 and Table 33.

5.5.5.3 Transformers

Tramsformers used. (as’ a reinforced safeguard shall comply with the requirementg of
reinforced insulation and Clause G.7.

5.5.3.4 Optocouplers

Insylatiany'of optocouplers used as a reinforced safeguard or double safeguard ghall
comply’with reinforced insulation requirements or with the safety requirements of the |IEC
standarddescribed-mClause G616

5.5.3.5 Relays

Insulation of relays used as a reinforced safeguard or double safeguard shall comply with
reinforced insulation requirements or with the safety requirements of the IEC standard as
described in Clause G.17.

5.5.3.6 Resistors

Resistors may be used as a reinforced safeguard provided they comply with the clearance
and creepage distance requirements for reinforced insulation between their terminations
for the total working voltage across the insulation.
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Double insulation or reinforced insulation may be provided by one resistor or by a group of
two or more resistors in series, under the following conditions:

— the resistor or group of resistors shall comply with the minimum clearances of 5.4.2; and

— the minimum creepage distances of 5.4.3 for reinforced insulation, as applicable for the
total working voltage across the resistor or group. For a group of resistors, see
Figure O.4.

If a single resistor is used, it shall pass the resistor test of G.14.2.

ach

If a gre esistors —the ara . - e-assessed
resistor were short-circuited in turn, unless the group passes the resistor test of G.14.2.

5.5.4 Insulation between the mains and an external circuit consisting of a-coaxial
cable

Except as specified below, the insulation between the mains and theZterminal or |ead
proyided for the connection to a coaxial cable including the resistor bridging this insulatign, if
any| shall pass either:

— the voltage surge test of G.14.3.2 for equipment intended te._be connected to a cogxial
cable connected to an outdoor antenna; or

— the impulse test of G.14.3.3 for equipment intended to.be connected to another cogxial
cable.

If the insulation and the bridging resistor are subject)to overvoltages from both an outdoor
antgnna and another coaxial cable, they shall pass‘the tests of G.14.3.2 and G.14.3.3.

The| above requirement does not apply tothe insulation and to the resistor bridging|the
inSL]Iation, if any, in any of the following equipment:

ndoor use equipment, provided with a built-in (integral) antenna and not provided with a
connection to a coaxial cable; or

— equipment connected to a reliable earth in accordance with 5.6.8.3.

Compliance is checked by (inspection and, if necessary, by the voltage surge test of G.14.3.2
orimpulse test of G.14.3.3, as referenced in G.14.3.

NOTE Clearances are~determined by the requirements of 5.4.2. It may be necessary to increase the clearahces
between mains and cireuits isolated from the mains intended for connection to an antenna or a coaxial cable.

5.5.p Components and parts that may bridge insulation

5.5.5.1 Requirement

Where a component or _part coutd bridge nsutation where faiture of thatmsuftatiom would
result in class 2 energy sources or class 3 energy sources becoming accessible, the
component or part shall withstand the test of Clause T.2.

5.5.5.2 Compliance

During the test, no short-circuit shall occur. After the test, no equipment safeguards shall be
defeated.


https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

5.6

- 114 - 62368-1 © IEC:2010(E)

Protective conductor

5.6.1 General requirements

This subclause specifies the general, performance and size requirements for protective
conductors that serve as a basic safeguard or a supplementary safeguard or a reinforced
safeguard.

Protective conductors and their terminations shall not have excessive resistance (see

5.6

The| current-carrying capacity of protective conductors shall be adequate for the duratio

the

Protective conductors shall not contain switches or overcurrent protective devices.

Protective bonding conductors shall be such that disconnection (for example, for servig
of a protective conductor at one point in a unit or a system does not break the proteq
bonfling connection to other parts or units in a system, unless the disconnection also brg

the

Protective conductors shall make contact earlier and disconnect later than the su

con

NOT

For

of 5|6.4 are required.
Compliance is checked by inSpection and, where required, by measurement.

5.6.p Corrosion
Conductive paris;*in contact at the main protective earthing terminal, protective bon

terminals and:connections shall be selected in accordance with Annex N so that the pote
diffgrence between any two different metals is 0,6 V or less.

Conppliance is checked by inspection.

6.4).

Fault current under single fault conditions.

supply to that part or unit at the same time.

hections in each of the following:

emoved by other than a skilled person;
h plug on a power supply cord;

hn appliance coupler.

low current-carrying protectivie) conductors, only the requirements of 5.6.3 and the

n of

ing)
tive
aks

pply

h connector (on a cable) or a connector attached fo a part or a subassembly that cap be

E It is recommended that this construction alse’ be applied when it is expected that the skilled person will
replgce powered parts and assemblies while the equipment is operational.

test

Hing
htial

5.6.3 Colour of insulation

The insulation of the protective earthing conductor shall be green-and-yellow.

If a protective bonding conductor is insulated, the insulation shall be green-and-yellow

exc

ept in the following two cases:

for an earthing braid, the insulation, if provided, may be transparent;

a protective bonding conductor in assemblies such as ribbon cables, bus bars, printed

wiring, etc., may be of any colour provided that no misinterpretation of the use of
conductor is likely to arise.

Compliance is checked by inspection.

the
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5.6.4 Test for low current-carrying protective conductors

For a part receiving its power from an external circuit, the test current is 1,5 times the
maximum current available from the external circuit, for a duration of 120 s.

For parts connected to the protective bonding conductor to limit the transients or to limit
touch current to an external circuit and that do not exceed an ES2 level during single fault
conditions, the test is conducted in accordance with 5.6.6.4.2. The relevant test method and
criteria of either a), b), c) or d) shall be applied based on the power source assumed.

5.6.p Protective conductors used as a basic safeguard between ES1 and ES2
5.6.p.1 General

Thig subclause specifies the general, performance and size requirements for protective
conductors that serve as a basic safeguard between ES1 and ES2;

5.6.5.2 Fault current-carrying protective conductors
5.6.p.2.1 General

Thig subclause specifies the application of protectivé conductors that serve as a basic
safeguard but may have to carry fault currents.

5.6.5.2.2 Requirements
Protective conductors may serve as basic safeguards between ES1 and ES2:

— for accessible conductive partsi“hot exceeding an ES2 level during single fault
conditions;

— 1o maintain the integrity of _parts at ES1 level during normal operating conditions
provided that parts do not:exceed an ES2 level during single fault conditions;

— 1o maintain the integrity” of parts at an ES2 level during normal operating conditions
provided that parts«do not exceed an ES2 level during single fault conditions.

The|size of the protéective earthing conductors shall comply with 5.6.6.2 and for protective
bonding conductors with 5.6.6.3.

5.6.5.2.3 Compliance

pl/ance /s checked by /nspect/on and measurement of protectlve earthing condu

5.6.6 Protective conductors used as a supplementary safeguard
5.6.6.1 General
Protective conductors may serve as a supplementary safeguard:

— for parts that might otherwise assume an ES3 level during single fault conditions (if a
supplementary safeguard was not provided), or

— to limit transient voltages that might affect basic insulation for parts that could not
exceed an ES2 level during single fault conditions, or

— to limit touch current to an external circuit.
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5.6.6.2 Size of protective earthing conductors and terminals

Protective earthing conductors shall comply with the minimum conductor sizes in Table 34.

Terminals that are used in a connection of a protective earthing conductor shall comply

with the minimum terminal sizes in Table 36.

Compliance is checked by inspection and measurement of protective bonding conductor

sizes in accordance with Table 34 and terminal sizes in Table 36, as applicable.

Table—34—Sizesof conductors

Rated current of equipment Minimum conductor sizes
A Nom_inal _AWG ) )
cross-sectional area [cross-sectional area’in mm~]
up to and including mm?2 see NOTE 2
6 0,75° 18 [0,8]
10 1,00 (0,75)° 16 [1,3]
16 1,50 (1,0) ° 14 [2]
25 2,5 12 [3]
32 4 10 [5]
40 6 8 [8]
63 10 6 [13]
80 16 4 [21]
100 25 2 [33]
125 35 1[42]
160 50 0 [53]
190 70 000 [85]
230 95 0000 [107]
kemil
[cross-sectional area in mm?]
see NOTE 2
260 120 250 [126]
300 150 300 [152]
340, 185 400 [202]
400 240 500 [253]
460 300 600 [304]
NOTEA IEC 60320-1 specifies acceptable combinations of appliance couplers and flexible cords,
including those covered by items a, b and c. However, a number of countries have indicated that they do

in North America.

NOTE 3 For higher currents see the IEC 60364 series.

not accept all of the values lisied In Table 34, particularly those covered by items a, b and C.

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 one circular mil is equal to the area of a circle having
a diameter of one mil (one thousandth of an inch). These terms are commonly used to designate wire sizes

cord does not exceed 2 m.

does not exceed 2 m.

®  For rated current up to 3 A, a nominal cross-sectional area of 0,5 mm? may be used in some
countries provided that the length of the cord does not exceed 2 m.

®  The value in parentheses applies to detachable power supply cords fitted with the connectors rated
10 A in accordance with IEC 60320-1 (types C13, C15, C15A and C17) provided that the length of the

° The value in parentheses applies to detachable power supply cords fitted with the connectors rated
16 A in accordance with IEC 60320-1 (types C19, C21 and C23) provided that the length of the cord
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5.6.6.3 Size of protective bonding conductors and terminals

Protective bonding conductors and their terminals shall comply with one of the following:

NOTE 1 The value of protective current rating (above) is used in Table 35 and in the test of 5.4.5.2.

the minimum conductor sizes in Table 34 and terminal sizes in Table 36; or

the requirements of 5.6.6.4 and also, if the protective current rating of the circuit is more
than 16 A, with the minimum conductor sizes in Table 35 and terminal sizes that are not
more than one size smaller than in Table 36; or

the requirements of 5.6.6.4 and also, if the protective current rating of the circuit does
not exceed 16 A; either

b with the minimum conductor sizes in Table 35 and terminal sizes that are not-more
than one size smaller than in Table 36; or

»  with the limited short-circuit test of Annex R;

or components only, be not smaller than the conductors supplying npower to |the
component.

Where the source is the mains supply, the protective current rating of the circuit is|the
rating of the overcurrent protective device provided in, or as part-ofithe equipment. Wher¢ the

overcurrent protective device is so provided, then:

or pluggable equipment type A, the protective current rating is the rating of an
bvercurrent protective device provided external to the equipment (for example, in|the
building wiring, in the mains plug or in an equipment rack) to protect the equipment, with a
minimum of 16 A;

—

NOTE 2 In most countries, 16 A is considered to be suitable as the protective current rating of the circu

NOTE 3 In Canada and the USA, the protective current rating of the circuit is taken as 20 A.

bl

OTE 4 In the UK and Ireland the protectiveicurrent rating is taken to be 13 A, this being the largest rpting
f fuse used in the mains plug.

(o]

or pluggable equipment type B, and permanently connected equipment |the
brotective current rating.is the maximum rating of the overcurrent protective depyice
specified in the equipmeént installation instructions to be provided external to|the
bquipment.

Where the source is an-external supply having the maximum current inherently limited by the
intefnal source impedance (such as an impedance protected transformer) the protective
current rating of the circuit is the highest current available from that supply into any lpad.
Where the maximum current from the external supply source is limited by electrpnic
components—in the source, the protective current rating shall be taken as the maximum
outgut current with any resistive load including a short circuit measured 60 s after|the
application of the load if the current is limited by impedance or the current limiting devicelis a

fusq,~aleircuit breaker or a PTC device, or 5 s in other cases.

The current limiting device or the overcurrent protective device (fuse, a circuit breaker or a
PTC device) shall not be connected in parallel with any other component that could fail to a
low-resistance state.

Where the source is a circuit within the equipment, the protective current rating of the
circuit is:

the rating of the overcurrent protective device if the current is limited by an overcurrent
protective device; or

the maximum output current, if the current is limited by the source impedance of the
supply. The output current is measured with any resistive load including a short circuit
measured 60 s after the application of the load if current is limited by impedance or the
current limiting device is a fuse, a circuit breaker or a PTC device, or 5 s in other cases.
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The current limiting device or the overcurrent protective device (fuse, a circuit breaker or a
PTC device) shall not be connected in parallel with any other component that could fail to a
low-resistance state.

Table 35 — Minimum protective bonding conductor size of copper conductors

Protective current rating of the L .
A X . Minimum conductor sizes
circuit under consideration
A Cross-sectional area AWG or kemil
) [cross-sectional area in
up to and including mm mmZ]
6 0,5 20 [0,519]
10 0,75 18 [0,8]
13 1,0 16 [1,3]
16 1,25 16 [1.3]
25 1,5 14 (2]
32 2,5 12 [3]
40 4,0 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]
kemil
[cross-sectional area in
mm?]
300 120 250 [126]
340 150 300 [152]
400 185 400 [202]
460 240 500 [253]
NOTE AWG and kcmil sizes are provided for information only. The associated cross-sectional
areas havetheen rounded to show significant figures only. AWG refers to the American Wire Gage
and the~tetm "cmil" refers to circular mils where one circular mil is equal to (diameter in mils)?.
These-terms are commonly used to designate wire sizes in North America.
Compliance*is checked by inspection and measurement of protective bonding condugtor
sizels and’terminal sizes.

5.6.6.4 Resistance of protective conductors and their terminations

5.6.6.4.1 Requirements

Protective conductors and their terminations shall not have excessive resistance.
Protective conductors that meet the minimum conductor sizes in Table 34 throughout their
length and whose terminals all meet the minimum sizes in Table 36 are considered to comply
without test.
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Table 36 — Sizes of terminals for protective conductors

For
spe
loog
etc.
The
timsg

The

5.6.

This
not

Conductor Minimum nominal Area of cross
Rated current size thread diameter section
A mm? mm mm?
: : Pillar type | Screw | Pillar type | Screw
up to and including Ta(lf)'izrg4) or stud type * or stud type *
type type
10 1 3,0 3,5 7 9,6
16 1,5 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

a

"Screw type" refers to a terminal that clamps the conductor under theshead of a
screw, with or without a washer.

rated currents above 80 A, the protective earthing conductor shall be attache
Cial connectors, or suitable clamping means (for example,_an upturned spade or clg
pressure type; clamping unit type; saddle clamping unit’type; mantle clamping unit t
that is secured by a screw and nut mechanism to ¢he metal chassis of the equip

sum of the cross-sectional areas of the screw afid the nut shall not be less than t
s the cross-sectional area of the conductor size-in/Table 34 or Table 35 as applicable.

terminals shall comply with IEC 60998-1 and/EC 60999-1 or IEC 60999-2.

6.4.2 Compliance and test method

subclause specifies the test requirements for protective bonding conductors tha
comply with the size requirements of Table 34 and Table 36.

Compliance is checked by inspection, measurement and, for protective bonding conduc

that

do not meet the minimum conductor sizes in Table 34 throughout their length or wh

terminals do not all meet the minimum sizes in Table 36, by the following test.

The
curn
test

voltage drop in ja protective bonding conductor is measured after conducting the
ent for the time period specified below. The test current can be either a.c. or d.c. and

voltage shall not exceed 12 V. The measurement is made between the main proted
ing terminal and the point in the equipment that is required to be earthed. The resist3

H to
sed
ype;
ent.
ree

{ do

fors
ose

test
the
tive
nce
the
be

main protective earthing terminal to the part required to be earthed.

the

On equipment where the protective earth connection to a subassembly or to a separate unit is
by means of one core of a multicore cable that also supplies power to that subassembly or
unit, the resistance of the protective bonding conductor in that cable is not included in the
measurement. However, this option may only be used if the cable is protected by a suitably

rate

d protective device that takes into account the size of the conductor.

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.
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The test current, duration of the test and test results are as follows:

a) For equipment powered from the mains, if the protective current rating of the circuit
under test is 16 A or less, the test current is 200 % of the protective current rating

b)

d)

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 conductor shall not be

damaged.

For equipment powered from the mains, if the protective current rating of the circuit
under test exceeds 16 A, the test current is 200 % of the protective current rating or

OO0 A, Whithever 15 1e353S, and the duration of the test 15 as SHowrm i 1 abte 37.

Table 37 — Test duration, mains connected equipment

Protective current rating of the circuit Duration of the test
A

up to and including min
30
60
100
200
over 200

@[ O &)

N
o

"he voltage drop in the protective bonding conductor for test currents up to 500 A s
hot exceed 2,5 V. For equipment requiring branch circuit fusing over 250 A, the meas
potential voltage drop multiplied by the tequired fusing and divided by 250 shall
pxceed 2,5 V. After the test, the protective bonding conductor shall not be damaged

As an alternative to b) above, the tests are based on the time-current characteristic of

conductor. This device is either-one provided in the EUT or specified in the installg
nstructions to be provided extérnal to the equipment. The tests are conducted at 200
he protective current rating, for the duration corresponding to 200 % on the time-cur
Characteristic. If the duration for 200 % is not given, the nearest point on the time-cur
Characteristic may be used.

"he voltage drop inthe protective bonding conductor shall not exceed 2,5 V. After
est, the protective bonding conductor shall not be damaged.

For equipment powered from a d.c. supply system, if the protective current rating of
Circuit under-test exceeds 16 A, the test current and duration are as specified by
manufacturer.

"he (woltage drop in the protective bonding conductor shall not exceed 2,5 V. After
est; the protective bonding conductor shall not be damaged.

hall
yred
not

the

pvercurrent protective device that’limits the fault current in the protective bonding

tion
% of
rent
rent

the

the
the

the

5.6.7 Protective earthing conductors serving as a double or reinforced safeguard

5.6.7.1 General

This subclause specifies requirements for enhanced protective earthing conductors and
their terminations (for example, when the touch current exceeds the ES2 limits in Tabl
see also 5.7.6).

e 4,

Protective conductors serving as a double safeguard or reinforced safeguard shall
comply with the applicable requirements of 5.6.1, 5.6.3 and 5.6.6.
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5.6.7.2 Requirements for protective earthing conductors serving as a reinforced

safeguard

A reinforced safeguard protective earthing conductor may be employed on pluggable
equipment type B or on permanently connected equipment only and shall:

— beincluded in and protected by a sheathed supply cord not lighter than heavy duty:

PVC sheathed flexible cord according to IEC 60227-1 (designations 60227; IEC 52 or
IEC 53) or

rubber-sheathed flexible cord according to IEC 60245-1 (designations 60245; IEC 53,

DI

— have a minimum conductor size not less than 10 mm? (to resist mechanical damage); o

— be protected by a conduit and have a minimum size in accordance with Table 38.

NOTE

5.6.f.3 Requirements for terminations

The|terminations shall have reliable securement and shall comply with Table 36.

5.6.7.4 Compliance

Compliance is checked by inspection and measurement.

5.6.B

5.6.8.1 General

=0 s =0 ol
o or UN'1TEw 90,

=

For mains supply cords, see also Clause G.9.

Table 38 — Protective earthing conductor sizes for reinforced(safeguards for
permanently connected equipment

Protection provided by Minimum protective earthing conductor size
mm?®
Non-metallic flexible conduit 4°
Metallic flexible conduit 25°%
Non-flexible metal conduit 1,5°
? The protective earthing conductor is ‘iistalled by a skilled person.

Reliable earthing

Thid subclause specifies situations where the equipment connection to earth is considéred

religble (for example, when a SPD is provided in accordance with 5.5.2.8).

5.6.

V4 Rellable earthing tor protection

For mains connected equipment connected to external circuits indicated in Table 16, ID
numbers 11, 12, 13, 14, 15, 16 and 17, earthing is considered reliable for the following:

— permanently connected equipment; or

— pluggable equipment type B; or

— stationary pluggable equipment type A, that is intended to be used in a location having
equipotential bonding (such as a telecommunication centre, a dedicated computer room or
a restricted access area) and has installation instructions that require verification of the
protective earthing connection of the socket-outlet by a skilled person; or
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— stationary pluggable equipment type A that has provision for a permanently connected
protective earthing conductor, including instructions for the installation of that conductor
to building earth by a skilled person.

NOTE See also Note to 5.4.13.1.

5.6.8.3 Reliable earthing when the basic safeguard between ES1 and ES2 is provided
by earthing ES1

For equipment connected to an external circuit, such as a indicated in Table 16, ID numbers
11,12, 13, 14, 15, 16 and 17, earthing is considered reliable for the following:

— permanently connected equipment; or

— pluggable equipment type A and pluggable equipment type B, that have pravision for a
bermanently connected protective earthing conductor, including instructions for|the
Installation of that conductor to building earth by a skilled person.

NOTE See also Note to 5.4.13.1.
5.7| Prospective touch voltage, touch current and protective conductor current
5.7.1 General

Thig subclause specifies the equipment test environment,“\the equipment configuration,| the
equ|lpment earthing, the equipment supply system connections, and the measurement
progesses for measurement of prospective touch voltage, touch current, and protective
conductor current.

5.7.R Measuring devices and networks

For|measurements of touch current, the instrument used for measuring U, and U; spec|fied
in Higures 4 and 5 respectively in IEC.60990:1999 shall indicate peak voltage. If the touch
current waveform is sinusoidal, an r.m¢s. indicating instrument may be used.

NOTE 1 The effect of the instrument.impedance on the measured voltage should be negligible.
NOTE 2 Many commercial touch ‘current instruments provide a direct reading of the r.m.s. value of weighted

currgnt, thereby not requiring a calculation from voltage to current. Some commercial touch current instrunments
also provide a direct reading «f the peak value of weighted current.

5.7.p Equipment'set-up, supply connections and earth connections

D
5.

The| equipmentsset-up, equipment supply connections and equipment earthing shall b
accoprdance with Clause 4 and 5.3 and 5.4 of IEC 60990:1999.

be tpsted with that connection disconnected.

Equmeent provided with a connection to earth separate from the protective conductor ghall

Systems of interconnected equipment with separate connections to the mains shall have each
equipment tested separately.

Systems of interconnected equipment with one connection to the mains shall be tested as a
single equipment.

NOTE Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990:1999.

Equipment that is designed for multiple connections to the mains, where only one connection
is required at a time, shall have each connection tested while the other connections are
disconnected.
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Equipment that is designed for multiple connections to the mains, where more than one
connection is required, shall have each connection tested while the other connections are
connected, with the protective earthing conductors connected together. If the touch
current exceeds the limitin 5.2.2.2, the touch current shall be measured individually.

5.7.4 Unearthed conductive accessible parts
5.7.41 Unearthed conductive parts accessible to ordinary persons

All unearthed conductive parts accessible to ordinary persons shall be tested first for
prospective touch voltage with respect to earth and with respect to other unearthed
confluctive parts accessible to ordinary persons.

If the prospective touch voltage exceeds the ES1 limits in 5.2.2.2, such parts ;shall be
tested for touch current in accordance with 5.1.1 and 6.2.1 of IEC 60990:1999.\The tojuch
current shall not exceed the ES1 limits in 5.2.2.2.

If the prospective touch voltage or touch current do not exceed the ES1 limits in 5.22.2,
then the part shall be additionally tested for prospective touch voltage

— following simulated or actual fault of the applicable basic safeguard, and

— f{ollowing simulated or actual fault of the applicable supplementary safeguard.

Safeguard faults are introduced one at a time; the basic 'safeguard and the supplementary
safeguard are not faulted at the same time.

If the prospective touch voltage does not exceed the ES2 limits in 5.2.2.2, the tegt is
con¢luded.

If the prospective touch voltage exceeds<the ES2 limits in 5.2.2.2, such parts shall be tefted
for touch current in accordance with 6:2.2 of IEC 60990:1999, except 6.2.2.7. The tojuch
curfent shall not exceed the ES2 limitséin 5.2.2.2.

NOTE 1 For parts connected to a common point, only one such part need be tested.

NOTE 2 If the unearthed accessible parts are isolated from the mains so that the fault conditions specifigd in
6.2.4 of IEC 60990:1999 do not ‘alter the prospective touch voltage or touch current, then the fault condition
tests| need not be performed.

5.7.4.2 Unearthed conductive parts accessible only to instructed persons

All ynearthed cenductive parts accessible only to instructed persons shall be tested firs} for
prospective-touch voltage with respect to earth and with respect to other unearihed
confluctive\parts accessible to instructed persons.

If the prospective touch voltage does not exceed the ES2 limits in 5.2.2.2, the tesgt is
concluded.

If the prospective touch voltage exceeds the ES2 limits in 5.2.2.2, such parts shall be
tested for touch current in accordance with 5.1.2 and 6.2.2 of |IEC 60990:1999, except
6.2.2.7. The touch current shall not exceed the ES2 limits in 5.2.2.2.

NOTE For parts connected to a common point, only one such part need be tested.
5.7.5 Earthed accessible conductive parts

At least one earthed accessible conductive part shall be tested for touch current following
supply connection faults in accordance with 6.1 and 6.2.2 of IEC 60990:1999, except 6.2.2.7.
Except as permitted in 5.7.6, the touch current shall not exceed the ES2 limits in 5.2.2.2.
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Subclause 6.2.2.2 of IEC 60990:1999 does not apply to equipment with a switch or other
disconnect device that disconnects all poles of the supply.

NOTE An appliance coupler is an example of a disconnect device.

5.7.6 Protective conductor current

The protective conductor current shall be measured in accordance with Clause 8 of
IEC 60990:1999.

Except as specified below, the protective conductor current shall not exceed the ES2 limits
in 5{2.2.2.

If the protective conductor current exceeds the ES2 limits in 5.2.2.2, the current shall

exc
circ

¢ed 5 % of the measured input current, and the construction of the protective)condu
it and its connections shall comprise a reinforced safeguard (see 5.6.7.2).

The|input current is measured under the same conditions as the touch current.

Wh
saf
acc
and
volt

5.7.

For

guard shall be affixed to the equipment adjacent to the eqlipment supply connectio
prdance with Clause F.5. The instructional safeguard shallyindicate high touch curr
shall require connection of the protective conductor. prior to connection of the su
hge with the following or equivalent wording:

CAUTION

High touch-Current.
Conpect to earth
before connecting to supply.

7 Prospective touch voltage and touch current due to external circuits

external circuits connected to a coaxial cable, the manufacturer shall pro

instfuctions to connect the.shield of the coaxial cable to building earth in accordance

6.2

5) and 6.2 1) of IEC 60728-11:2005.

NOTE For Norway and Sweden, see NOTE 1 to Table 16.

5.7.B Summation of touch currents from external circuits

This

reqired._for pluggable equipment type A or pluggable equipment type B, should
maipseonnection be disconnected.

not
Ctor

re the protective conductor current exceeds the ES2 limits of Table 4, an instructional

n in
ent,
pply

vide
Wwith

subclause determines when a permanently connected protective earthing conductor is

the

This subclause only applies to equipment with external circuits such as described in
Table 16, ID numbers 11, 12, 13, 14, 15, 16, and 17.

NOTE These types of external circuits are typically telecommunication networks.

The summation of touch currents from equipment that provides multiple external circuits,

sha

Il not exceed the limits for ES2 (see Table 4).

In this subclause, the following abbreviations are used:

1,: touch current received from other equipment via a network at an external circuit of

the equipment;
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— S(/4): summation of touch current received from other equipment at all such external
circuit of the equipment;

— I,: touch current due to the mains of the equipment.

It shall be assumed that each external circuit receives 0,25 mA (/) from the other
equipment, unless the actual current from the other equipment is known to be lower.

The following requirements, a) or b) as applicable, shall be met:

a) Equipment with earthed external circuit

[or equipment in which each external circuit is connected to a terminal for the protective
arthing conductor of the equipment, the following items 1), and 2) shall be considergd:

) If S(/1) (not including /o) exceeds ES2 limits of Table 4:

— the equipment shall have provision for a permanent connection to protective earth
in addition to the protective earthing conductor in the power)supply cord of
pluggable equipment type A or pluggable equipment type B; and

— the installation instructions shall specify the provision of a permanent connectign to
protective earth with a cross-sectional area of notxless than 2,5 mm1, if
mechanically protected, or otherwise 4,0 mm2; and

— provide a marking in accordance with 5.7.6 and Clausge F.3.

P) Such equipment shall comply with 5.7.6. The value.of I, shall be used to calculate| the
5 % input current limit per phase specified in 5.7.6.

Compliance with item a) is checked by inspection“and if necessary by test.

f the equipment has provision for a permanent protective earth connection in accordgnce
with item 1) above, it is not necessary to, make any measurements, except that I, ghall
comply with the relevant requirements 0f.5.7.

Fouch current tests, if necessary,~are made using the relevant measuring instrument
Hescribed in IEC 60990:1999, Figure 4, or any other instrument giving the same resulfs. A
capacitively coupled a.c. source) of the same line frequency and phase as the a.c. mains
s applied to each external circuit so that 0,25 mA, or the actual current from dther
pquipment if known to be:lower, is available to flow into that external circuit. The cunrent
lowing in the earthing ¢onductor is then measured.

b) Equipment whose external circuit have no reference to protective earth

f each external 'circuit does not have a common connection, the touch current for gach
external circuit-shall not exceed ES2 limits of Table 4.

f all external circuits or any groups of such ports have a common connection, the fotal
ouch current from each common connection shall not exceed ES2 limits of Table 4.

Compliance with item b) is checked by inspection and if there are common connedqtion
boints, by the following test.

A capacitively coupled a.c. source of the same frequency and phase as the a.c. mains is
applied to each external circuit so that 0,25 mA, or the actual current from the other
equipment if known to be lower, is available to flow into that external circuit. Common
connection points are tested in accordance with 5.7.3, whether or not the points are
accessible.

6 Electrically-caused fire

6.1 General

This subclause specifies safeguards to reduce the likelihood of injury or property damage
arising from an electrically-caused fire originating from within the equipment.
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6.2 Classification of power sources (PS) and potential ignition sources (PIS)
6.2.1 General

This subclause describes how to classify the different power sources and the PIS that may
exist in the equipment.

Electrical sources of heating can be classified into available power levels PS1, PS2 and PS3
(see 6.2.2.4, 6.2.2.5 and 6.2.2.6) that may cause resistive heating of both components and
connections. These power sources are based on available energy to a circuit.

Within a power source, a PIS may arise due to arcing of either broken connections or opeping
of cpntacts (arcing PIS) or from components dissipating more than 15 W (resistive PIS).

Depending on the power source classification of each circuit, one or more safeguards|are
reqyired either to reduce the likelihood of ignition or to reduce the likelihood.of 'spread off fire
beypnd the equipment.

6.2.R Power source circuit classifications
6.2.2.1 General

An electric circuit is classified PS1, PS2, or PS3 based on thé electrical power available td the
circyit from the power source.

NOTE A power source may be an identifiable power supply and-its. associated load circuits, or a functional cjrcuit
that $erves as a power source to another circuit.

The|electrical power source classification shall.be the maximum power measured under gach
of the following conditions:

— for load circuits: a power source under normal operating conditions as specified by the
manufacturer into a worst-case load’circuit fault (see 6.2.2.2);

— for power source circuits: a worst-case power source fault into the specified normal |oad
Circuit (see 6.2.2.3).

The|power is measured at points X and Y in Figure 38 and Figure 39.

6.2.R2.2 Power measurement for worst-case load fault
With reference to.Figure 38:

— the measurement may be performed without the load circuit Ly connected, unless|the
maximum’power is dependent on the connection of the load;

— ptoints X and Y, insert a wattmeter (or a voltmeter, V,, and a current meter, 1,);

— connect a variable resistor, Lyr as shown;

— adjust the variable resistor, Ly, for maximum power. Measure the maximum power and
classify the power source according to 6.2.2.4, 6.2.2.5 or 6.2.2.6.

If an overcurrent protective device or circuit operates during the test, the measurement shall
be repeated at the point just below the trip current.

NOTE When evaluating accessories connected via cables to the equipment, the impedance of the cable may be
taken into account in the determination of PS1 or PS2 on the accessory side.
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Power source circuit

Load circuits

R

Ly

VAE /

Key

6.2.
With

O <

voltage source

internal resistance of the power source

current from the power source

voltage at the points where determination of PS power .is‘made.
variable resistor load

normal load

Figure 38 — Power méasurement for worst-case load fault

.3 Power measurement for worst-case power source fault
reference to Figure 39

At points X and Y, insert a wattmeter (or a voltmeter, V,, and a current meter, I,).

Within the power-source circuit, simulate any single fault condition that will resu
maximum power to the circuit being classified. All relevant components in the pd
source cireuits shall be short-circuited or disconnected one at a time at e
measurement.

Measure the maximum power as specified and classify circuits supplied by the pd
soUrce according to 6.2.2.4, 6.2.2.5 or 6.2.2.6.

t in
wer
ach

wer

If an overcurrent protective device or circuit operates during the test, the measurement shall
be repeated at the point just below the trip current.

NOTE 1

substituted for the normal load.

To avoid damage to the components of the normal load, a resistor (equal to the normal load) may be

NOTE 2 Experimentation may be necessary to identify the single component fault that produces maximum power.
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Power source circuit Load circuits

LN

voltage source

internal resistance of the power source
current from the power source
voltage at the points where determination of PS powenis'made.

normal load

Figure 39 — Power measurement for worst-case power source fault

2.4 PS1

is a circuit where the power source, (see Figure 40) measured according to 6.2.2, g
bxceed:

b00 W measured during the first 3 s; and

5 W measured after 3 s.

the purpese  of this standard, the power available from external circuits describe
e 16, ID numbers 11, 12, 13 and 14, are considered to be PS1.

2.5 PS2

oes

PS2 is a circuit where the power source, (see Figure 40) measured according to 6.2.2:

— exceeds PS1 limits; and

— does not exceed 100 W measured after 5 s.

6.2.2.6 PS3

PS3 is a circuit whose power source exceeds PS2 limits, or any circuit whose power source

has

not been classified (see Figure 40).
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PS 3 circuit
500 W |-

Power

100 W |—

PS 1 circuit

6.2.
6.2.

Det¢
othd

An arcing PIS is a location with the following characteristics:

An arcing PISds considered not to exist in a PS1 because of the limits of the power sourc

NOT
pattg

15W|—

PS 1 circuit

Time
Figure 40 — lllustration of power source classification

¢ Classification of potential ignition sources
3.1 Arcing PIS

ermination of an arcing PIS is performed under normal operating conditions un
rwise specified.

hn open circuit voltage (measured after, 3 s) across an open conductor or ope
plectrical contact exceeding 50 V (peak)\a.c. or d.c.; and

he product of the peak of the open circuit voltage (Vp) and the measured r.m.s. curn
Iims) €xceeds 15 (that is, V, X I;j5>15) for any of the following:

b a contact, such as a switch~or connector;
b a termination, such as;one made by a crimp, spring or solder termination;

p opening of a conductor, such as a printed wiring board trace, as a consequence
single fault condition. This condition does not apply if electronic protection circuit
additional constructional measures are used to reduce the likelihood that such a
becomes an.arcing PIS.

F 1 (An“open conductor in an electric circuit includes those interruptions that may occur in condu
rns on printed boards.

less

hing

rent

of a
s or
ault

ctive

Reli

able or redundant connections are not considered to be an arcing PIS.

Redundant connections are any kind of two or more connections in parallel, where in the
event of the failure of one connection, the remaining connections are still capable of handling
the full power.

Reli

able connections are connections that are considered not to open.

NOTE 2 Examples of connections that could be considered reliable are:

- h

oles of solder pads on a printed board that are through-metallized;

— tubular rivets/eyelets that are additionally soldered;

— machine-made or tool-made crimp or wire-wrap connections.
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NOTE 3 If other means are used to avoid the occurrence of an arcing PIS and such means have proven to be
satisfactory, they could be used as well.

NOTE 4 Connection failure due to thermal fatigue phenomena could be prevented by selection of components

with a coefficient of thermal expansion similar to that of the printed board material. Attention should be paid to the
location of the component with respect to the fibre direction of the board material.

6.2.3.2 Resistive PIS

Determination of a resistive PIS is performed under normal operating conditions unless
otherwise specified.

A rgsistive PIS is any part in a PS2 or PS3 circuit that:

— has a power capability to dissipate more than 15 W measured after 30 scof)nofmal
bperation; or

NOTE During the first 30 s there is no limit.
— Wnder single fault conditions:

» has a power exceeding 100 W measured during the 30 s immediately after|the
introduction of the fault if electronic circuits, regulators or PTCydevices are used; of

» has an available power exceeding 15 W measured 30_s\@fter the introduction of| the
fault

and| in which the part may ignite due to excessive pewer dissipation or ignite adjagent
matgrials or components.

A rgsistive PIS is considered not to exist in a PS4 because of the limits of the power sourge.

6.3 | Safeguards against fire under normalioperating conditions and abnormal
operating conditions

6.3 Requirements

Under normal operating conditions and abnormal operating conditions, the folloying
basjc safeguards are required:

— {gnition shall not occur; ‘and

— no part of the equipment shall attain a temperature value greater than 90 % of the guto-
gnition temperature limit, in Celsius, of the part as defined by ISO 871. When the auto-
gnition temperature of the material is not known, the temperature shall be limited to
800 °C; and

NOTE 1 \Fhis standard currently does not contain requirements for flammable liquids and dust.

— ¢ombustible materials for components and other parts outside fire enclosyres
incldding electrical enclosures, mechanical enclosures and decorative parts), ghall
have a material flammability class of af Teast:

e HB75 if the thinnest significant thickness of this material is <3 mm, or
e HBA40 if the thinnest significant thickness of this material is 23 mm, or
e HBF.

NOTE 2 Where an enclosure also serves as a fire enclosure, the requirements for fire enclosures apply.
These requirements do not apply to:

— parts with a size of less than 1 750 mm3;
— supplies, consumable materials, media and recording materials;

— parts that are required to have particular properties in order to perform intended functions,
such as synthetic rubber rollers and ink tubes;
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— gears, cams, belts, bearings and other parts that would contribute negligible fuel to a fire,
including, labels, mounting feet, key caps, knobs and the like.

6.3.2 Compliance

Compliance is checked by inspection of the data sheets and by test under normal operating
conditions according to Clause B.2 and under abnormal operating conditions according to
Clause B.3. The temperatures of materials are measured continuously until thermal
equilibrium has been attained.

NOTE See B.1.7 for details on thermal equilibrium.

Temperature limiting basic safeguards that comply with the applicable requirements\of|this
standard or the applicable safety device standard shall remain in the circuit being eyaluiatdd.

6.4 | Safeguards against fire under single fault conditions
6.4/ General

Thig subclause defines the possible safeguard methods that cancgbe’ used to reduce|the
likelihood of ignition or spread of fire under single fault conditions.

Thefe are two methods of providing protection. Either methed may be applied to different
circyits of the same equipment under the following conditions:

— Reduce the likelihood of ignition: Equipment is,so0 designed that under single fault
tonditions no part shall have sustained flaming< This method can be used for any cifcuit
In which the available steady state power to the circuit does not exceed 4 000 W. [The
hppropriate requirements and tests are detailed in 6.4.2 and 6.4.3.

b Pluggable equipment type A is conSidered not to exceed the steady state valug of
4 000 W.

»  Pluggable equipment type /B and permanently connected equipment |are
considered not to exceed th&“steady state value of 4 000 W if the product of|the
nominal mains voltage .and the protective current rating of the installdtion
overcurrent protective device (V5ins X Imax) does not exceed 4 000 W.

— Control fire spread:(Selection and application of supplementary safeguards| for
components, wiring, materials and constructional measures that reduce the spread off fire
hnd, where necessary, by the use of a second supplementary safeguard such as alfire
enclosure. This(_ method can be used for any type of equipment. The appropfiate
equirements_ are/detailed in 6.4.4, 6.4.5 and 6.4.6.

6.4.p Reduction of the likelihood of ignition under single fault conditions in PS1
circuits

No [supplementary safeguards are needed for protection against PS1. A PS1 is|not
considered to contain enough energy to result in materials reaching ignition temperatures

6.4.3 Reduction of the likelihood of ignition under single fault conditions in PS2
circuits and PS3 circuits

6.4.3.1 General

This subclause defines the supplementary safeguards needed to reduce the likelihood of
ignition under single fault conditions in PS2 circuits and PS3 circuits where the available
power does not exceed 4 000 W (see 6.4.1).

6.4.3.2 Requirements

The likelihood of ignition can be reduced by employing the following supplementary
safeguards as applicable:
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flaming shall not occur beyond 5 s;
providing separation from an arcing PIS or a resistive PIS as specified in 6.4.7;

using protective devices that comply with Clause G.2 to Clause G.5 or the relevant
component standards for such devices;

IEC

using components that comply with Clauses G.7, G.8 or the relevant IEC component

standard;

for components associated with the mains, using components that comply with
relevant IEC component standards and requirements of other parts of this standard.

the

NOTE Examples of components associated with the mains are the supply cord, appliance couplers, EMC Til{

com

The| opening of a conductor on a printed board, except as specified in this subclause, 9

not

Conductors of a printed board of V-1 class material may open under overload condi

pro

that|has no material flammability class or is classed lower than V-1-class material shal

ope

Under a single fault condition, the peeling of conductors on(a)printed board shall not re
in the failure of any supplementary safeguard or reinforced safeguard.

6.4.3.3 Test method

The| conditions of Clause B.4, that are possible tauses for ignition, are applied in tur

con
sha
sus

The| equipment is operated under single fault conditions and the temperatures of mate

are

If a| conductor opens duringfa® simulated single fault condition, the conductor shal
bridged and the simulated single fault condition shall be continued. In all other cases, w
an gpplied single fault condition results in interruption of the current before steady state
beeh reached, the temperatures are measured immediately after the interruption. The ci

sha

NOTE 1 See B._hy/\for details on thermal equilibrium.

NOTE 2 Thesingle fault condition tests may identify a situation applicable to another clause of this standar

into

ponents, switches, etc.

be used as a safeguard.

ided that the open circuit is not an arcing PIS. Conductors on a printed board mat

.

sequential fault may either interrupt or short circuit a component. In case of doubt, the
| be repeated two more times with replacement components in order to check
ained flaming does not occur.

imeasured continuously until thermal equilibrium has been attained.

| still comply with.this subclause.

bring

hall

tion
prial
not

sult

. A
test
that

rials

be
here
has
rcuit

‘|

NOTE 3, Consideration of auto ignition temperatures of surrounding materials of the heat source should be tlaken

hcecount. Temperature rise can be observed after interruption of the current due to thermal inertia.

If the temperature is limited by fuses complying with the IEC 60127 series, the following test
is carried out, if necessary, in relation to the characteristic of the fuse.

The fuse-link is short-circuited and the current that would have passed through the fuse-link
under the relevant single fault condition is measured.

If the fuse-link current remains less than 2,1 times the current rating of the fuse-link,
temperatures are measured after a steady state has been attained.

the

If the current either immediately reaches 2,1 times the current rating of the fuse-link or
more, or reaches this value after a period of time equal to the maximum pre-arcing time

for the relevant current through the fuse-link under consideration, both the fuse-link

and

the short-circuit link are removed after an additional time corresponding to the maximum


https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

623

68-1 © IEC:2010(E) - 133 -

pre-arcing time of the fuse-link under consideration and the temperatures are measured
immediately thereafter.

If the fuse resistance influences the current of the relevant circuit, the maximum resistance
value of the fuse-link shall be taken into account when establishing the value of the current.

Printed board conductors are tested by applying the relevant single fault conditions
of B.4.4.

6.4.

Compliance is checked by inspection, tests and measurements.

6.4.

No
con

6.4.
6.4.

Thig subclause describes the supplementary safeguards néeded to reduce the likelihog

fire

6.4.

A supplementary safeguard is required to control the spread of fire from any possible PI
othgr parts of the equipment as given below.

For

Batllery cells and battery packs shall comply with all of the requirements of Annex M.

34 Compliance

Control of fire spread in PS1 circuits

supplementary safeguards are needed for protection against PS1. A PS1 is
Sidered to contain enough energy to result in materials reaching ignition temperatures.

5 Control of fire spread in PS2 circuits

b.1 General

spread in PS2 circuits to nearby combustible materials:

b.2 Requirements

conductors and devices that constitute a PIS the following apply:

printed boards shall be made of V+1 class material;

vire insulation and tubing‘>-shall comply with [EC 60332-1-2, IEC 60332-2-2
EC/TS 60695-11-21;

jevices subject to arcing or changing contact resistance (for example, plugg
connectors) shall comply with one of the following:

b have materials made of V-1 class material; or
b comply with.the flammability requirements of the relevant IEC component standard;

»  be motunted on material made of V-1 class material and be of a volume not excee
1 750-mm3.

not

d of

B to

or

hble

or

Hing

All other components in a PS2 circuit shall:

be mounted on V-1 class material; or

be made of V-2 class material, VTM-2 class material or HF-2 class foamed material; or

have a mass of combustible material of less than 4 g, provided that when the pa
ignited, the fire does not spread to another part; or

be separated from PIS by the requirements of 6.4.7; or
comply with the requirements of the relevant IEC component standard; or
motors complying with Clause G.8; or

transformers complying with Clause G.7; or

rt is
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be in a sealed enclosure of 0,06 m3 or less, consisting totally of non-combust
material and having no ventilation openings.

ible

The following materials shall be separated from a PIS according to the requirements of 6.4.7,
or the materials shall not ignite during single fault conditions as specified in 6.4.3.3:

6.4.

j_ﬂ_c_q.mu.u.ance
Compliance is checked by testing or by inspection of the equipment and material data She

6.4.
6.4.

Thig subclause defines the supplementary safeguards needed to reduce the likelihoo

fire

6.4.

Fire

pro

Within the fire enclosure, combustible materials)that are not part of a PS2 or PS3 ci

sha
VT

A fi

supplies, consumable materials, media and recording materials;

parts that are required to have particular properties in order to perform intended functions,

such as synthetic rubber rollers and ink tubes.

b Control of fire spread in a PS3 circuit

b.1 General

spread in PS3 circuits to nearby combustible materials.

b.2 Requirements

iding a fire enclosure as specified in 6.4.8.

| comply with the flammability test of Clause*S.1 or be made of V-2 class mate
-2 class material or HF-2 class foamed material. These requirements do not apply {

parts with a size of less than 1 750 mm3;
supplies, consumable materials, media and recording materials;

parts that are required to have particular properties in order to perform intended functi
such as synthetic rubber rollers-and ink tubes;

pears, cams, belts, bearings and other parts that would contribute negligible fuel to a
including, labels, mounting feet, key caps, knobs and the like;

brovided that they Jare of HB75 class material if the thinnest significant thickness of
material is < 3'mm, or HB40 class material if the thinnest significant thickness of
material is =3 ' mm, or HBF class foamed material.

e enclosure is not necessary for the following components and materials:

vite .~ insulation and tubing complying with |EC 60332-1-2, IEC 60332-2-2

U

bts.

d of

spread in PS3 circuits shall be controlled as specified. for PS2 circuits in 6.4.5 and by

cuit
rial,
D:

DNS,

fire,

ubing for air or fluid'systems, containers for powders or liquids and foamed plastic parts,

the
the

or

EC/TS 60695-11-21;

components, including connectors, complying with the requirements of 6.4.8.1.1, and
fill an opening in a fire enclosure;

that

plugs and connectors forming part of a power supply cord or interconnecting cable

complying with 6.5, Clause G.9 and Clause G.20;
motors complying with Clause G.8;

transformers complying with Clause G.7.

6.4.6.3 Compliance

Compliance is checked by inspection of the material data sheets or by test or both.
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6.4.7 Separation of combustible materials from a PIS
6.4.7.1 General

This subclause specifies the minimum separation requirements between a PIS and
combustible materials in order to reduce the likelihood of sustained flaming or spread of fire.
This can be achieved by either separation by distance (6.4.7.2) or separation by a barrier
(6.4.7.3).

Separation requirements from a PIS to a fire enclosure are specified in 6.4.8.3.

6.4.7.2 Separation by distance

Combustible material, except the material on which the PIS is mounted, shall beseparated
fromp an arcing PIS or a resistive PIS according to Figure 41, Figure 42, Figure 43 |and
Figyre 44.

N

Basg material of printed boards, on which an arcing PIS is located; shall be mad¢ of

V-1|class material, VTM-1 class material or HF-1 class foamed matérial.

Restricted 50 mm
volume
v
Potential
13.mm ignition

source

Figure 41 — Minimum separation requirements from an arcing PIS
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{
Restricted r
volume 50 mm
| Potential
ignition
source

NOTE This figure can be used for:

— |an arcing PIS that consists of tracks or areas on printed boards;

— |the resistive PIS areas of components. Measurements are made from the neafest’power dissipating element
of the component involved. If in practice it is not readily possible to define the power dissipating part, thep the
outer enclosure of the component is used.

Figure 42 — Extended separation requirements from a PIS

WhIn the airflow across a circuit is moving due to air moving devices, the vertical orientgtion
of the restricted volumes described in Figure 41, Figure 42 and Figure 44 shall be rotated to
reflgct the effect of the airflow on the flame path. When determining the restricted volume$ for
each figure, each cone shall be rotated (tilted)\around the PIS location from 0° (verfical
orieptation, shown in Figure 43) to 45° in the direction of the forced airflow.

450 N
Ota 't iOn

4

Air Flow ‘

Restricted
Volume

13 mm Potential

ignition
source

Figure 43 — Rotated separation requirements due to forced air flow

When the distance between a PIS and combustible materials is less than specified in
Figure 41, Figure 42 and Figure 43 as applicable, the combustible materials shall:

— have a mass of less than 4 g provided that when the part is ignited, the fire does not
spread to another part; or
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— comply with the following flammability requirements:
e requirements of the relevant IEC component standard; or

e be made of V-1 class material, VTM-1 class material or HF-1 class foamed
material, or comply with IEC 60695-11-5. Severities are identified in Clause S.2.

6.4.7.3 Separation by a fire barrier

Combustible material shall be separated from an arcing PIS or a resistive PIS by a fire
barrier as defined in 6.4.8.1.1 (see Figure 44).

Printed boards are not considered to be a fire barrier against an arcing PIS located on| the
same board. Printed boards complying with 6.4.8 may be considered to be a firenbafrier
agalnst an arcing PIS located on a different board.

Printed boards can be considered to be a fire barrier against a resistive PIS provided tha{ the
follgwing conditions are met:

— the printed board shall:
b comply with the flammability test Clause S.1 as used in the application; or

» be made of V-1 class material, VTM-1 class material or HF-1 class foamed
material;

— within the restricted volume, no materials rated less.than V-1 class material shal|] be
mounted on the same side of a printed board as the résistive PIS;

— yithin the restricted volume, the printed board{ shall have no PS2 conductors or PS3
conductors (except for the conductors that supgply the circuit under consideration). [This
hpplies to any side of the printed board as well*as the inner layer of the printed board.

Diverted \
cone
s - Barrier
Restricted
Restricted volume
volume
. Potential
!‘-‘ot.e!'\tlal ignition
ignition source
source
Figure 44a — lllustration showing an Figure 44b - lllustration showing a
angled barrier horizontal barrier

NOTE 1 The volume of the flame is nearly constant; consequently the shape of the flame is dependent upon the
position and the shape of the barrier. It should be taken into account that different shapes of barriers might give
different flame shapes. The restricted area and separation requirements need to be adapted accordingly by the user
of the standard.

NOTE 2 Dimensions are identical to Figure 41 and Figure 42 but, except as required in 6.4.8.3, the distance of the
barrier from the PIS is not significant.

Figure 44 — Deflected separation requirements from a PIS when a fire barrier is used
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6.4.7.4 Compliance

Compliance is checked by inspection or measurement or both.

6.4.8 Fire enclosures and fire barriers

The safeguard function of the fire enclosure and the fire barrier is to impede the spread of

fire

through the enclosure or barrier.

NOTE The fire enclosure may be the overall enclosure, or it may be within the overall enclosure. The fire
enclosure need not have an exclusive function, but may provide other functions in addition to that of a fire

encl
6.4.
6.4.

6.4.

For

For
the

The

Mat
mod

ite barrier shall comply with the requirements of Clause S.1.

u
A Fire enclosure and fire barrier material properties

1.1 Requirements for a fire barrier

5e requirements do not apply provided that the material is:

made of non-combustible material (for example, metal, glass/ ¢ceramic, etc.); or
made of V-1 class material or VTM-1 class material.

B8.1.2 Requirements for a fire enclosure

circuits where the available power exceeds:4 000 W, a fire enclosure shall comply
requirements of Clause S.5.

5e requirements do not apply provided that the material is:

made of non-combustible material (for example, metal, glass, ceramic, etc.); or
made of

b V-1 class material if.the available power does not exceed 4 000 W; or

b 5VA class material or 5VB class material if the available power exceeds 4 000 W

erial for compenents that fill an opening in a fire enclosure or that is intended tg
nted in such.0opening shall:

comply.with the flammability requirements of the relevant IEC component standard; or
be made of V-1 class material; or

circuits where the available power does not exceed4 000 W (see 6.4.1), a fire enclogure
shall comply with the requirements of Clause S.1.

with

be

comply with Clause S.1

6.4.8.1.3 Compliance

Compliance is checked by inspection of applicable data sheets or test.

The

material flammability class is checked for the thinnest significant thickness used.

6.4.8.2 Constructional requirements for a fire enclosure and a fire barrier

6.4.8.2.1 Fire enclosure and fire barrier openings

Openings in a fire enclosure or in a fire barrier shall be of such dimensions that fire and
products of combustion passing through the openings are not likely to ignite material on the
outside of the enclosure or on the side of a fire barrier opposite to the PIS.
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The openings to which these properties apply are relative to the site or location of the PIS and
of combustible materials. The locations of openings relative to the flame property are shown
in Figure 45 and Figure 46.

Regardless of the equipment orientation, the flame orientation property of the PIS is always
vertical, unless the equipment contains a forced airflow. Where the equipment has two or
more normal operating condition orientations, opening properties apply to each possible
orientation and airflow direction.

NOTE When the forced airflow across a PIS is moving due to air moving devices, the vertical orientation of the
volume described in Figure 42 is rotated (tilted) around the PIS location from 0° (vertical orientation shown i

n the

figur
6.4.

A fi
The

6.4.

Top
PIS

NOT
open

Top
test

The
vert
the

pos

The

In c
of e

b) to 45° in the direction of the forced airflow (see also Figure 43).
8.2.2 Fire barrier dimensions

e barrier shall have dimensions sufficient to prevent ignition of the edges.of-the ban
edges of the fire barriers shall extend to beyond the fire cone (see Figure.44).

8.2.3 Top openings and top opening properties

opening properties of a fire enclosure and a fire barrier shall-apply to openings abo
as shown in Figure 45.

E Any openings within the zone as shown in Figure 45 are regarded to be top openings, including
ings.

Fier.

e a

side

openings that fall within the volume defined in Figure 45 shall comply with the following

test is conducted using the needle-flame” burner as specified in Clause S.2 plg
fcally in a draft-free location. The distancé’between the inner side of the top openings
centre of the burner tube is 7 mm #\1'mm. The sample is placed in its normal oper3
tion. The top openings are covered>with a single layer of cheesecloth.

flame is applied for a period of-1 min. The cheesecloth shall not ignite.

hse of openings having different dimensions, the test shall be conducted on one ope
ach group of the top openings with the same dimensions.

With respect to the
potential ignition source,
top openings are any
openings within the

ced
and
ting

hing

veolume-shown{(2 - mm

arniind the cane) \

\ Potential

A5 mm | 15 mm | ignition
o L | »
source

NOTE Dimensions of the cone are identical to Figure 41 and Figure 42.

Figure 45 — Top openings
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No test is required provided that the openings do not exceed:

— 5 mm in any dimension, or
— 1 mm in width regardless of length.

6.4.8.2.4 Bottom openings and bottom opening properties

Bottom opening properties of a fire enclosure and a fire barrier shall apply to openings that
are located in the volume as shown in Figure 46.

NOTE Any openings within the zone as shown in Figure 46 are regarded to be bottom openings, including side
openfings.

Botfom openings are those openings below a PIS and within 30 mm diameter ‘cylinder
extgnding indefinitely below the PIS.

With respect to the
potential ignition source,
bottom openings are any

openings within the
I. ‘ Potential

volume shown
15 mm ignition

source

NOTE Dimensions of the cone are identical to Figure 41 and Figure 42.

Figure 46 — Bottom openings
Botfom openings shallscomply with Clause S.3.

No {est is necessary provided that one of the following conditions is met:

a) the bottom<openings do not exceed:
+ 34mm in any dimension, or

+ymm in width regardless of length;

b) under components and parts meeting the requirements for V-1 class material, or HF-1
class foamed material or under components that pass the needle-flame test of
IEC 60695-11-5 using a 30 s flame application, bottom openings shall not exceed:

— 6 mm in any dimension, or
— 2 mm in width regardless of length;

c) the bottom openings do not exceed a 2 mm by 2 mm mesh of at least 0,45 mm diameter
metal wire.

Where the risk of flaming liquids escaping the equipment exists, the bottom of the fire
enclosure shall comply with Table 39.
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Table 39 — Size and spacing of holes in metal bottoms of fire enclosures

Circular holes Other shaped openings

Metal bottom Maximum Minimum spacing Maximum Minimum spacing

minimum diameter of holes | of holes centre to area of openings

thickness centre border to border
mm mm mm mm?2 mm
0,66 1,1 1,7 1,1 0,56
0,66 1,2 2,4 1,2 1,1
0576 t+1 7 ++1 0755
0,76 1,2 2,4 1,2 1,1
0,81 1,9 3,2 2,9 1,1
0,89 1,9 3,2 2,9 152
0,91 1,6 2,8 2,1 1,1
0,91 2,0 3,2 3,1 1,2
1,0 1,6 2,8 2,1 1,1
1,0 2,0 3,0 3,2 1,0

Equlpment intended only for use in fixed installations and intended to be floor standing ¢n a

nontcombustible surface need not be provided with a fire enclosure bottom. Such equipn

sha
or €

6.4.

If p
per

a)

b)

in Annex K;

+ vit_shall be provided with a means to keep it closed during normal opera

hent

| be marked in accordance with Clause F.5 in a clearly visible location with the folloywing

quivalent wording:

RISK OF.FIRE

Install only,on concrete
or other nén-combustible floor

h door or cover,,intended to be routinely opened by the ordinary person, shall corn
with both of the-following conditions:

person; and

B8.2.5 Integrity of the fire enc¢losure

rt of a fire enclosure consists of a door or cover that can be opened by an ordinary
on, the door or cover shall.comply with requirements a), b), or ¢):

he door or cover shall be interlocked and comply with the safety interlock requiremgnts

hply

+ it shall{not be removable from other parts of the fire enclosure by the ordinary

ting

conditions;

c) a door or cover intended only for occasional use by the ordinary person, such as for the
installation of accessories, may be removable provided that instructions for correct
removal and reinstallation of the door or cover are available.

6.4.

8.2.6 Compliance

Compliance is checked by inspection of applicable data sheets and, where necessary, by test.

6.4.

8.3 Separation of a PIS from a fire enclosure and a fire barrier

A fire enclosure or fire barrier made of combustible material shall:

a) have a minimum distance of 13 mm to an arcing PIS; and

b) have a minimum distance of 5 mm to a resistive PIS.
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Smaller distances are allowed provided that the part of the fire enclosure or fire barrier within
the required separation distance complies with one of the following:

— the fire enclosure or fire barrier meets the needle-flame test according to
IEC 60695-11-5. Severities are identified in Clause S.2. After the test, the fire enclosure
or fire barrier material shall not have formed any holes that are bigger than allowed in
6.4.8.2.3 or 6.4.8.2.4 as appropriate; or

— the fire enclosure or fire barrier is made of V-0 class material.

6.5 Internal and external wiring

6.5.11 General

Thig subclause specifies requirements to reduce the likelihood of fire from internal |and
extgrnal wiring in PS2 circuits and PS3 circuits.

6.5.p Requirements

In BS2 circuits or PS3 circuits, the insulation on internal or external wising shall pass the [test
methods described below.

For| conductors with cross-sectional area greater than 0,5 mMm2, the test method$ in
IEC|60332-1-2 and IEC 60332-1-3 shall be used.

For| conductors of 0,5 mm?2 or less in area, the ,test methods in IEC 60332-2-1 |and
IEC|60332-2-2 shall be used.

NOTE For both internal and external wiring, the test method described in IEC/TS 60695-11-21 may be [used
instefpd of the test methods in IEC 60332-1-2, IEC 60332-4>3, IEC 60332-2-1 or IEC 60332-2-2.

6.5.B Compliance
Thelinsulated conductor or cable shall*be acceptable if:

— [fhe distance between the \lower edge of the top support and the onset of charring is
greater than 50 mm; and

— fhe filter paper has not ignited during the test duration; and

— Fharring extends-downwards to a point less than 540 mm from the lower edge of the| top
support.

If the insulatedh.conductor or cable fails the first test, two more tests shall be carried out. If the
secpnd and third tests are acceptable, the insulated conductor or cable shall be deemed
acceptable:

NOTE \Fhese requirements are currently contained within the referenced standards as informative annexes.

6.5.4 Requirements for interconnection to building wiring.

Equipment intended to provide power over the wiring system to remote equipment shall limit
the output current to a value that does not cause damage to the wiring system, due to
overheating, under any external load condition. The maximum continuous current from the
equipment shall not exceed a current limit that is suitable for the minimum wire gauge
specified in the equipment installation instructions.

NOTE 1 This wiring is not usually controlled by the equipment installation instructions, since the wiring is often
installed independent of the equipment installation.

PS2 circuits or PS3 circuits that provide power and that are intended to be compatible with
LPS to external circuits (see Annex Q) shall have their output power limited to values that
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reduce the likelihood of ignition within building wiring or external devices located in a different
room.

Compliance is checked with Clauses Q.1 and Q.2.

NOTE 2 Circuits to provide power to devices or external components that are intended for use in the same room
as the equipment under test are not subject to this requirement. See 6.7 for connection to secondary equipment.

External paired conductor cable circuits, such as those described in Table 16, ID numbers 11,
12, 13 and 14 having a minimum wire diameter of 0,4 mm, shall have the current limited to
1,3 A.

NOTE 3 Time/current characteristics of type gD and type gN fuses specified in IEC 60269-2 comply ‘with the
abovg limit. Type gD or type gN fuses rated 1 A, would meet the 1,3 A current limit.

Compliance is checked with Clause Q.3.

6.5.p Compliance

Compliance is checked by test, inspection and where necessary (by’ the requirements of
Annex Q.

6.6 | Likelihood of fire due to entry of foreign objects

Thig subclause specifies safeguards that reduce the likelihood of fire due to the entry of
congductive foreign objects into the equipment.

Conductive foreign objects shall not cause bridging of PS2 circuits or PS3 circuits. Top |[and
sidg openings above those circuits, located at.a'height of less than 1,8 m above the floor,
shall comply with Annex P.

If thie entry of a foreign object can resultiin bridging of PS2 circuits or PS3 circuits, one of the
follqwing shall be applied:

— Internal barrier(s) shall be provided to deflect the objects away from the relevant circlits;
DI

— oppenings in the equipment above the relevant circuits shall be located more than 1,8 m
hbove the floor; or

— {he construction.above the relevant circuits shall comply with Annex P.

Compliance is_checked by inspection or according to Annex P.

6.7 | Safeguards against fire due to the connection of secondary equipment

Thig sdbclause specifies requirements to reduce the likelihood of fire due to connectiop of
secondary equipment:

Where it is unknown that the connected equipment or accessories (for example, a scanner,
mouse, keyboard, DVD drive, CD ROM drive or joystick) are likely to comply with this
standard, the delivered power shall be limited to PS2.

Compliance is checked by inspection or measurement.
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Chemically-caused injury

General

This clause specifies safeguards to reduce the likelihood of injury due to exposure to
chemicals. The requirements are not intended to be the only means to reduce the likelihood of
chemically-caused injury.

7.2 Reduction of exposure to hazardous chemicals

Co

Co

7.3| Ozone exposure

For |equipment that produces ozone, the installation and -Operating instructions shall indi
that| precaution must be taken to ensure that the concentration of ozone is limited to a

val

NOTE 1 Currently, the recommended long term exposureimit for ozone is 0,1 x 10=6 (0,2 mg/m®) calculatq
an 8|h time-weighted average concentration. Time-weighted average is the average level of exposure over a
time [period.

NOTE 2 Ozone is heavier than air.

Co

7.4 Use of PPE

Where safeguards, such ‘as containment of a chemical, are not practical, PPE shal
spetified in the accompanying documents.

Suitable PPE should be chosen taking into account the recommendations given by
marjufacturer.

Co

7.5 Use of instructional safequards and instructions

TheEwmemewm_ww i
hazprdous chemicals shall be controlled by using containment of the hazardous chemig
ainers shall be sufficiently robust and shall not be damaged or degraded by the~cont

over the lifetime of the product.

mpliance is checked by

the examination of the effects the chemical has on the material of the'sontainer, and

any relevant tests of Annex T following which there should .beynho leakage from
Container.

ue.

mpliance is checked by inspection-of instructions or accompanying documents.

mplianeesis checked by inspection of instructions or accompanying documents.

o
als.
bnts

the

cate
safe

d as
iven

be

the

Where a chemical is capable of causing an injury, instructional safeguards as specified in
ISO 7010 and instructions shall be applied to the equipment in accordance with Clause F.5.

Compliance is checked by inspection of instructions or accompanying documents.

7.6 Batteries

Batteries shall comply with Annex M.
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8 Mechanically-caused injury

8.1 General

This clause specifies safeguards to reduce the likelihood of injuries such as cuts, bruises,
broken bones, etc., due to transfer of energy from a mechanical energy source to a body part.

Mechanical injury is due to relative motion between the body and accessible parts of the
equipment, or due to parts ejected from the equipment colliding with a body part.

NOTE+—tmsome Tases, the person may be the source of the Kimeticenergy-

NOTE 2 Where not specifically mentioned in this clause, the words “products” and “equipment” also eever garts,
standls and carriers used with these products or equipment.

8.2| Mechanical energy source classifications
8.2/ General classification

Various categories of mechanical energy sources are given in Table-40:

Table 40 — Classification for various categories of mechanical energy sources

Line Category MS1 MS2 M$3

Does not cause injury ° but

1 Sharp edges and corners | Does not cause pain or injury_® may be painful

May cauge injury °

Does not cause injury ® but

2 Moving parts Does not cause pain or«njuty ° may be painful

May cauge injury °

>MS1; and
RPM K Factor

Moving fan blades + <1 RPM K Factor
3 . 15 000 2400 + <1 >MsS2
See Figure 47. 22 000 3600
4 Loo§en|ng,. exploding or NA NA Examples ¢
imploding parts.
5 Equipment mass <7 kg 7 kg < mass < 25 kg >29 kg
. Equipment mass <7 kg Equipment mass >7 kg All equjpment
6 Wall/ceiling mount mounted <2 m © mounted <2 m ° mountgd >2 m
2 The K factor is determined from the formula K = 6 x 10”7 (m r? N?) where m is the mass (kg) of the moving part of the
fan assembly (bladeyshaft and rotor), r is the radius (mm) of the fan blade from centre line of the motor (shfaft) to
the tip of the outer‘area likely to be contacted, N is the rotational speed (rpm) of the fan blade.
Im the end preduct, the fan maximum operational voltage can be different than the rated voltage of the fan and this
djfference\should be taken into account.
® The phrase “Does not cause injury” means that a doctor or hospital emergency attention is not needed.

€ phrase Wiay cause INJjury medns that a doOClor OF NOSPItdal emergency duention may be neeaded.

The following equipment constructions are examples considered MS3:

— high speed removable plastic solid media such as used in CD drives or DVD drives, capable of rotational speed
greater than 8 000 rpm; and

— CRTs having a maximum face dimension exceeding 160 mm; and

— lamps in which the pressure exceeds 0,2 MPa when cold or 0,4 MPa when operating are considered high
pressure lamps, and shall be classed MS3.

Manufacturer’s installation instructions shall state that the equipment is only suitable for mounting at heights < 2 m.
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Figure 47 — lllustration showing MS limits for moving fan blades

8.2.p MS1

MS1 is a mechanical energy source, with levels not exceeding MS1 limits under normal
operating conditions and abnormalhoperating conditions and not exceeding MS2 under
single fault conditions.

NOTE MS1 may be accessible to.an-ordinary person.
8.2.3 MS2

MS2 is a mechanical) energy source with levels not exceeding MS2 limits under normal
operating conditions, abnormal operating conditions, and single fault conditions, biit is
not MS1.

NOTE MS2.may be accessible to an instructed person, and under single fault conditions, to an ordinary
perspn.
8.2.4 MS3

MS3 is a mechanical energy source with levels exceeding MS2 limits under normal operating
conditions, abnormal operating conditions and single fault conditions, or any mechanical
energy source declared to be treated as MS3 by the manufacturer.

NOTE Parts classed MS3 may be accessible to a skilled person.
8.3 Protection against mechanical energy sources
8.3.1 General

This subclause specifies general protection requirements for parts accessible to ordinary
persons, instructed persons, and skilled persons.
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le 41 gives a summary of the required safeguards.

Table 41 — Summary of required safeguards

Number of safeguards required to be interposed between an energy
source and a person
Person
MS1 MS2 MS3
Ordinary person 0° 1° 2°
Instructed person 0 0 2
Skilled person 0 0 Oor1°

®

o

o

a

@

See 4.3.2.1 and 8.3.2.
See 4.3.2.2, 4.3.2.3 and 8.3.2.
See 4.3.2.4 and 8.3.2.
See 4.3.3.2, 4.3.3.3 and 8.3.3.
bee 4.3.4.3 and 8.3.4.

8.3.

No safeguards need be interposed between MS1 and an ordinary) person.

At l¢ast one safeguard shall be interposed between MS2 and“an ordinary person.

Exc
equ
per

8.3.

No
How

Exc

per

equmeent supplementary-'safeguard shall be interposed between MS3 and an instruc

A Protection of ordinary persons

bpt as specified in 8.4.2 and 8.5.2, at least one\equipment basic safeguard and

on.

¢ Protection of instructed person

ever, for MS2 that is not obvious,\an instructional safeguard shall be provided.

bpt as specified in 8.4.2 and 8.5.2, at least one equipment basic safeguard and

on.

No
How

8.3.[ Protection lof skilled persons

ever, for MS3 that is not obvious, an instructional safeguard shall be provided.

In
uni
skil

ddition; other MS3 parts not actively being serviced shall be located or guarded so
tentional contact with such parts during service operations is an unlikely result in

one

ipment supplementary safeguard shall be intefposed between MS3 and an ordinary

safeguards need be interposed between MS1 or MS2 and an instructed person.

one
tted

afeguards.need to be interposed between MS1, MS2 or MS3 and a skilled person.

that
the

NOTE Recoil might occur where the skilled person may partially or fully enter inside large equipment for

servi

8.4

8.4.

cing.

Safeguards against parts with sharp edges and corners

1 Requirements

This subclause specifies safeguards that reduce the likelihood of injury by parts with sharp
edges and corners in accessible areas of the equipment.

Engineering judgement shall be used to class a mechanical energy source as MS1, MS2 or
MS3 according to Table 40, line 1.
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Except as provided in 8.4.2, an appropriate safeguard shall be provided as given in Table 41.

8.4.2 Instructional safeguard

Where an accessible sharp edge or corner is required for the function of the equipment:

any potential limited exposure shall not be life threatening, and

the sharp edge or corner shall be obvious to an ordinary person or an instructed person
when exposed, and

the sharp edge shall be guarded as much as practicable, and

— an instructional safeguard shall be used to minimise unintentional contact.

The|instructional safeguard for the accessible sharp edge or corner shall be in aceordgdnce
withl Clause F.5 and shall be fixed to the equipment and located in proximity to the’sharp gdge
or ¢orner and contain a relevant graphical symbol or text with the following or similar
appfopriate wording:

WARNING
Sharp edges present. Do not touch.

8.4.3 Compliance

Compliance is checked by inspection and, if necessary, by test of Annex V. During and after
the ppplication of the force, the sharp edge or corner sthall not be accessible.

8.5| Safeguards against moving parts
8.5 Requirements

Thig subclause specifies safeguards that reduce the likelihood of injury by moving parfs in
accpssible areas of the equipment (férexample, pinch points, meshing gears and parts |that
may start moving due to unexpected resetting of a control device).

Engjneering judgement shall-bhe*used to class a mechanical energy source as MS1, MSP or
MS3 according to Table 40( line 2.

The| phrase “movingparts” in this subclause includes moving fan blades. Moving fan blgdes
are [lassified according to Table 40, line 3.

NOTE 1 The ability of a part to cause injury is not solely dependent upon the kinetic energy it posse$ses.
Congdequently,(the classification used in this standard can only be based on typical experience and enginefring
judgement.

NOTE. 2 » Examples of factors influencing the energy transfer to a body part include shape of the surface| that
strikgs ‘the body part, elasticity, velocity and the mass of equipment and body part.

A mechanical enclosure or barrier used as an equipment safeguard shall be so constructed
that MS2 or MS3 parts are not accessible to an ordinary person and that MS3 parts are not
accessible to an instructed person.

Where the likelihood exists that fingers, jewellery, clothing, hair, etc., can be drawn into parts
(for example, gears), an equipment safeguard shall be provided to prevent injury.

If the safeguard is a safety interlock, it shall comply with the requirements in Annex K. The
movement of the part shall be reduced to MS1 before the part is accessible.

An MS3 fan that is arranged, located, enclosed or guarded in such a way that the possibility
of contact with the moving parts of the fan is unlikely by an ordinary person during ordinary
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person servicing, or by an instructed person during instructed person servicing, shall be
provided with an instructional safeguard as specified in 8.5.2.

8.5.2 MS2 or MS3 part required to be accessible for the function of the equipment

If a moving MS2 or MS3 part is required to be accessible to an ordinary person or an
instructed person for the function of the equipment:

any exposure shall not be life threatening; and

the moving part shall be obvious when exposed; and

— t{he moving part shall be guarded as much as practicable; and
— an instructional safeguard shall be used to minimise unintentional contact; and

— for MS3, a manually activated stopping device shall be clearly visible and™placed |n a
brominent position within 750 mm of the MS3 part.

If the location of a MS3 moving part may not be obvious to a skilled‘person, such as
intefmittent movement, an instructional safeguard shall be provided to minimise
unirftentional contact. A manually activated stopping device shall be _clearly visible and plgced
in a|prominent position within 750 mm of the MS3 part.

Insfructional safeguards for a moving part shall be in accordance with Clause F.5 and ghall
be fixed to the equipment located in proximity to the moving part and contain a releyant

graphical symbol (such as & for moving fan bladés) or text with the following or similar
appfopriate wording:

WARNING
Hazardousdmoving parts.
Keep body partsiout of the motion path.

8.5.B Compliance

The| accessibility of moving parts shall be checked by inspection, and if necessary accorfling
to Annex V. Selection of the- probe will depend on the application.

Compliance is checked\*by inspection of the construction and available data, and where
necgssary, by the relevant tests of Annex T for enclosures and barriers.

Compliance of thermoplastic stability is checked by the test according to Clause T.8, followed
by the test of Annex V. Alternatively, compliance can be shown by examination of|the
consgtruction-and available material data.

8.5.1 S ial cat . ¢ . . . . I
8.5.4.1 Large data storage equipment

The requirements of IEC 60950-23 are additional to the relevant requirements in this
standard.

Large equipment is typically of such a size that a person may enter completely. Systems may
also include similar equipment having areas containing moving parts into which only a
complete limb or head may enter. These requirements apply to a three dimensional envelope
of 0,75 m® or more within reach of the moving part.

The following references in IEC 60950-23 shall be treated as follows:

— replace IEC 60950-1:2005, 2.8 by Annex K;
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— replace IEC 60950-1:2005, 2.8.6 by Clause K.4;
— replace "SERVICE PERSON" by "skilled person";

— replace "OPERATOR ACCESS AREA" by "areas accessible by an ordinary person as
determined by Annex V".

NOTE An example of these systems is a self-contained data storage system.
8.5.4.2 Equipment having an electromechanical device for destruction of media

8.5.4.2.1 General requirements

Thig subclause specifies equipment safeguards to protect persons, including children] for
equ|pment intended to mechanically destroy various media by means of moving parts |that
dray the media into the equipment. The media destruction device within this equipment is
clagsed as MS3.

NOTE 1 Examples of this type of equipment include household use and home-office use dogument shredding and
similpr media destruction devices, as determined by the nature of their power source.

For [equipment for use in locations where children are not likely to be present, see Clause F.4.

NOTE 2 This equipment design typically applies to commercial or industrial equipment expected to be installed in
locafjons where only adults are normally present.

Equjpment shall be provided with safeguards so that MS3xmoving parts are not accessible to
the | appropriate jointed test probe of AnnexV and“-the wedge probe of Figure |V.4.
Requirements for safety interlocks are according 0yAnnex K, except that where a moying
parf] cannot be reduced to the appropriate energy<lass within 2 s, the safety interlock ghall
confinue to prevent access.

8.5.]4.2.2 Instructional safeguards against moving parts
n

An instructional safeguard shall be provided in accordance with Clause F.5, adjacent tq the
media feed opening, alerting ordinary persons to the following:

— the equipment is not intended for use by children (this product is not a toy);
— gvoid touching the medja'feed opening with the hands, clothing or hair.
Forlequipment installed‘where children are likely to be present, the instructions shall contdin a

statement recommending the equipment be unplugged when not in use for an extended period
of time.

8.5.4.2.3 Disconnection from the supply

An |solating switch complying with Annex L shall be provided to disconnect power to MS3
mowng parts A SWI’[Ch W|th an "OFF" posmon that removes all power from the MS3 mowng
; : acCcess lose

body part or clothes may be caught

The "ON" and "OFF" positions of a two-position switch shall be marked in accordance
with F.3.5.2.

For a multi-position switch, the "OFF" position of the switch shall be marked in accordance
with F.3.5.2, and the other positions shall be marked with appropriate words or symbols.

8.5.4.2.4 Test method

For strip-cut type media destruction devices and the like, the wedge probe of Figure V.4 is
applied with a force up to 45 N.
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For cross-cut type media destruction devices and the like, the wedge probe is applied with a
force up to 90 N. The force is applied in any direction relative to the opening.

NOTE Media destruction devices are typically identified as either strip-cut type or cross-cut type. A strip-cut
media destruction device shreds the media into long strips using a motor-based shredding mechanism. A cross-cut
media destruction device shreds the media two or more ways into tiny particles, typically using a more powerful
motor and more complex shredding mechanism.

Any enclosure or guard that can be removed or opened by an ordinary person or an
instructed person shall be removed or opened prior to application of the probes.

8.5.4.2.5 Compliance

Compliance is checked in accordance with V.1.2 and V.1.5. Depending on whether|the
equlpment is a strip-type media destruction device or cross-cut media destructiomdevice|the
wedge probe of Figure V.4 is applied with the forces specified in this subclause: The wdgdge
probe shall not contact any moving part.

Where the equipment is provided with a safety interlock, compliance is~checked according to
Annex K, except where a moving part cannot be reduced to theqrappropriate energy class
within 2 s, the safety interlock shall continue to prevent access.

8.5.p Protection of persons against loosening, exploding or imploding parts
8.5.p.1 Protection against MS3 parts

Where the equipment contains high speed parts, pressurized surfaces or the like, safegu1rds
shall be provided to prevent the parts or fragments such as broken media and glass from
injuring persons.

Thelfollowing equipment constructions are“examples considered MS3:

— high speed removable plastic sali@ media such as used in CD drives or DVD driyes,
capable of rotational speed greater than 8 000 rpm; and

— CRTs having a maximum face dimension exceeding 160 mm; and

— lamps, in which the pressure exceeds 0,2 MPa when cold or 0,4 MPa when operating,|are
considered high pressure lamps and shall be classed MS3.

Compliance is checked in accordance with 8.5.5.2.1, 8.5.5.2.2 and Annex U, as applicabldg.

To ¢ontain any“other loose or broken parts, a double safeguard or reinforced safeguard
shall be sufficiently robust to

— c¢ontain‘the parts; or

— aftenuate the energy of the parts to MS1 level.

Compliance is checked by inspection, or, if necessary, by test. The test force to the inside of
the enclosure, if necessary, shall be 1,25 times that of the calculated force from a broken or
loose part.

8.5.5.2 Requirements and test methods
8.5.5.2.1 Mechanical enclosure requirements for rotating solid media
8.5.5.2.1.1 General

This subclause assesses containment of damaged solid media classified as MS3 in
accordance with 8.5.5.1 that may shatter during normal operating conditions. The movable
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media door and tray assembly are tested in accordance with 8.5.5.2.1.2 to assess the size of
the potential gap during the static force test where media fragments may be expelled.

8.5.5.2.1.2 Test methods

The size of the gap ‘X’ between the media door or tray assembly and the enclosure is
measured while the following force is applied.

A force of F + 10 % is applied to the inside of the cover at the most unfavourable location.

The

formula for calculating the static force to be applied is:

where

NOT

NOT

8.5.

Con
with

Whd
driv
the

cou

F=8x (m»?)/R,

R

is the force in Newtons to be applied;

= 0,250 when no deflector is used (considered worst case cfractional siz
fragment mass);

1

= 0,125 when a deflector is used (considered worst(ease fractional siz
fragment mass);

1

n is the mass in kilograms of the media;
is the velocity in metres per second of the outside/diameter of the media;

R is the outer radius in metres of the media.

o

F 1 The entire mass of the media is as specified by the manufacturer.
E 2 Typical CD and DVD media will be within this range.

For a CD (in accordance with IEC 60908)

+0,3

thickness: 1,20 mm _ ""mm,

mass: 14 g to 33 g.
For a DVD (in accordance with ECMA-267)

+0,3

thickness: 1,20 mm 006

mmy

mass: 13 g to 20 g.
5.2.1.3 Compliance

ipliance is checked by inspection and, if necessary, by the following tests in accorda
Figure 48 or Figure 49, as appropriate.

bre a media deflector is not used, the cover on the door shall not break, separate from
b or flex"such as to create an opening greater than ‘X’ mm measured between any pa
media door and the nearest outer enclosure surface through which media fragm

b of

b of

nce

the
rt of
ents

ae expelled. A cylindrical probe or feeler gauge shall be used to measure the ope

hing

(see Figure 48). X’ is the smallest thickness in millimetres of the media specified by the
manufacturer.
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Opening ‘X’

Media

Thickness ‘X’

AN

d

Media door
being flexed

Sliding media drawer

/
Equipment
enclosure

The front door shall not flex enough to create a
gap larger than the thickness of the media
between the inner drive door and the outer
enclosure.

Whe¢re a media deflector is used, the cover on the door/deflector combination shall not br
separate from the drive or flex such as to create an\opening through which media fragm

Figure 48 — Example for determining opening <X’»without a deflector

could be expelled (see Figure 49).

Toesqualify as a deflector, it shall be
thicker than the drive door and the
inside surface facing media shall cover

at least 50 % of media thickness.

Media

bak,
ents

Equipment
enclosure T \ \
\ \ A
‘ Deflector Sliding media drawer
Figure 49 — Example for determining opening ‘X’ with a deflector

8.5.5.2.2 High pressure lamps

8.5.5.2.2.1 General

The containment mechanism for high pressure lamps that are considered MS3 shall have
adequate strength to contain an explosion of the lamp so as to reduce the likelihood of injury
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to an ordinary person or instructed person during normal use, or lamp assembly
replacement, as appropriate.

Particles are considered MS1 parts if they are contained within the lamp assembly or
equipment enclosure as tested in accordance with 8.5.5.2.2.2.

Particles are considered MS2 parts if they are less than 0,8 mm in the longest axis.

Particles are considered MS3 parts if they are equal to or greater than 0,8 mm in the longest
axis.

8.5.p.2.2.2 Test methods

For|the protection against the effects of a high pressure lamp failure, the following te$t is
performed as follows:

— [amp assemblies considered MS3 parts during field replacement are teSted separate from
he equipment;

— [amp assemblies only considered MS3 parts during operation, may be tested separafely,
br as normally installed in the equipment, or both.

An explosion of the lamp is stimulated by mechanical impdact/electronic pulse generatdr or
similar method. The lamp shall operate for at least 5 min to”obtain operational temperature
and| pressure. To evaluate the rupture results for potential debris area and particle size, a
dark sticky mat (or another adequate method) of adéquate size is placed near the exhpust
vent of the equipment. The equipment opening shall be oriented to maximize potential for
particles to be expelled from the product horizontally across the dark sticky mat. After|the
rupfure, the glass particles generated are measured using a magnified glass piece with a
0,1 mm resolution. The test shall be conducted to simulate the worst case operating posijtion
spegified in the instructions.

NOTE |Itis recommended to have the sticky mat a dark blue colour for easier inspection of potential glass defyris.

An éxample of an electronic pulsé.generator method is given in Figure D.3.
The|charge is increased in(steps of 5 J until the lamp ruptures are repeatable.

8.5.5.2.2.3 Compliance

Compliance is checked by physical inspection or, if necessary, by the tests of 8.5.5.2.2.2.

When tested,)inspect the dark sticky mat for glass particles. No MS3 particle shall be fqund
and|no MS2 particles shall be found beyond 1 m of the enclosure opening.

8.6 L _Stabhility of equipment

8.6.1 Requirements

This subclause specifies performance requirements that reduce the likelihood of MS2 or MS3
equipment becoming physically unstable to the point of tip over.

Classification of products for the purposes of assessing equipment stability is to be done
according to Table 40, line 5.

Free standing MS2 or MS3 equipment shall be subjected to the stability test of 8.6.2.2 at an
angle of 10 .

NOTE Examples of this type of equipment include some loudspeaker systems and some audio systems.
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Free standing MS2 or MS3 equipment, having controls that are accessed during normal use
or having a display with moving images, shall be tested according to the floor standing tests
of 8.6.2 and the non-floor standing tests of 8.6.3 as appropriate.

Floor standing MS2 or MS3 equipment that is fixed to the building structure shall be subjected
to the horizontal force test of 8.7.2 only.

Individual units that are designed to be mechanically fixed together on site and are not used
individually, or stationary equipment, shall be assessed by inspection after installation
according to the manufacturer’s instructions and, if necessary, tested according to 8.6.2.2.

Whe}re thermoplastic materials are involved in the construction, the relevant mechanical-tpsts
shall be conducted after the stress relief test in Clause T.8 when the equipment has,'coolgd to
room temperature.

Nonf-floor standing MS3 equipment, tested according to 8.6.3.1 and 8.6.3.2, shall have an
insfructional safeguard in accordance with Clause F.5, elements 3 and®4, located in|the
instfuctions for installation or use, containing the following information er equivalent:

WARNING

Never place the equipment in an unstable location. The equipment may fall, causing ser|jous
pergonal injury or death. Many injuries, particularly to éhildren, can be avoided by taking
simple precautions such as:

— Using cabinets or stands recommended by the myanufacturer of the equipment.
— Dnly using furniture that can safely support the'equipment.
— Ensuring the equipment is not overhanging the edge of the supporting furniture.

— Not placing the equipment on tall furniture (for example, cupboards or bookcases) without
hnchoring both the furniture and thezequipment to a suitable support.

— Not standing the equipment onccloth or other materials placed between the equipment|and
Eupporting furniture.

— Educating children about‘the dangers of climbing on furniture to reach the equipment dr its
controls.

8.6.p Static stability for floor standing equipment
8.6.R.1 Requirements

Thig subclatise addresses the stability of equipment that can be handled, moved or relocated
duringrintended use or installation.

The MS2 or MS3 equipment shall not tip over when installed according to the installation
instructions, or during relocation.

The equipment shall be blocked, if necessary, by means of a stop of the smallest dimensions
possible to keep it from sliding or rolling during the test. During the tests, containers, if any,
are to contain the amount of substance within their rated capacity that will result in the most
disadvantageous condition.

Compliance is checked by inspection or, if necessary, by test. The equipment shall not tip
over.
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8.6.2.2 Static stability test

All doors, drawers, casters, adjustable feet and other appurtenances, if used by an ordinary
person, are arranged in any combination that results in the least stability. Equipment
provided with multi-positional features shall be tested in the least favourable position based
on the equipment construction. However, if the casters are intended only to transport the unit,
and if the installation instructions require adjustable feet to be lowered after installation, then
the adjustable feet (and not the casters) are used in this test.

a) MS3 equipment shall not tip over when a force equal to 20 % of the weight of the unit, but

not more than 250 N, is applied in any direction, except upwards, to any point on the
7qul.plllclli I'II ouu‘l d wdy do tU }JIUU‘U(,K;' tI‘I(;' Illd)(l'lllulll UVUItuIIIiIIy IIlUIIlb'IIt, dt (=] I'l(;'l'ylll nOt
bxceeding 1,6 m from the floor. The test force shall be discontinued if the equipment
femains stable after being tilted 15° from vertical. Alternatively, the equipment shall be
ipped at any angle up to and including 15° from the vertical.

b) MS3 equipment shall not tip over when a constant downward force of 800'N is applield at
he point of leverage for a maximum moment to any point of any horizontal surface ¢f at
east 125 mm by at least 200 mm, at any height up to 1 m from the floor? The 800 N fprce
s applied by means of a suitable test apparatus having a flat surface of approximgtely
125 mm by 200 mm. The downward force is applied with the complete flat surface of| the
est tool in contact with the equipment; the test apparatus need not be in full contact with
ineven surfaces (for example, corrugated or curved surfaces))Equipment having a shape
br a flexibility of the surface that is not likely to be used as _a step or a ladder are exgmpt
from the test.

NOTE Examples are products in combination with a cart or stand-or products with protrusion or recess Where
he construction is obviously not to be used as a step or ladder?

Where MS3 equipment is subject to periodic maintenance or routinely serviced or repaireld at
its intended use location, the doors, drawers, etc. or any other adjustment means accessjible
to ap instructed person or skilled person shall be arranged in any combination specifiefl by
the [servicing instructions that results in thé\least stability. The test of a) above is repeatgd if
necgessary.

8.6.2.3 Relocation stability test

Flogr standing equipment expected to be moved or relocated by ordinary persons |and
having wheels with a minimium diameter of less than 100 mm shall have all doors, drawers,
caslers, adjustable feet and other appurtenances arranged in any combination that resulis in
the |least stability. A unit provided with multi-positional features shall be tested in the lpast
favqurable position Based on the equipment construction.

Floar standingveguipment expected to be moved or relocated by an instructed person pr a
skilled person and having wheels with a minimum diameter of less than 100 mm shall have
all doors,<drawers, etc., positioned in accordance with the manufacturer's instructions. Alunit
provided with multi-positional features shall be tested in the least favourable position bgsed
on threequipment construction.

Floor standing MS2 or MS3 equipment shall not tip over when tilted to an angle of 10° from its
normal upright position in any direction. If the equipment is such that when it is tilted through
an angle of 10° when standing on a horizontal plane, a part of it not normally in contact with
the supporting surface would touch the horizontal plane, the equipment is placed on a
horizontal support so that contact does not occur with the horizontal surface and the
combination is tilted in the most unfavourable direction through an angle of 10°. Alternatively,
the equipment may be placed on a plane and is rotated through an angle of 360° about its
normal vertical axis while tilted at 10°.

NOTE The test on the horizontal support may be necessary (for example, for equipment provided with small feet,
casters or the like).
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8.6.3 Non-floor standing equipment having controls that are accessed during normal
use or having displays with moving images

8.6.3.1 Glass slide test

MS2 or MS3 equipment (except for floor standing equipment) likely to be used in the home or
similar installation environments where they may be accessible to children, is placed on a
clean, dry, glass covered horizontal surface so that only the supporting feet are in contact
with the glass. The glass-covered surface is then tilted in the most unfavourable direction
through an angle of 10°.

Durlng the tests, the equipment shall not slide or tip over.

8.6.B.2 Horizontal force test
8.6.5.2.1 General

Thig subclause addresses the risk of children being attracted to MS2 or MS3 equipment likely
to Qe elevated above the floor with normally accessible controls of, displays with moying
images resulting in their attempt to climb onto devices that may,tip over easily. This
reqyirement does not apply to other equipment.

NOTE Equipment with front mounted user controls and moving images are.considered to increase the frequency
of chlildren being attracted to displays and thereby increasing the likelihoed{of the child attempting to climb or fnove
the gquipment.

8.6.3.2.2 Test method

MS2 or MS3 equipment is to be placed on axshorizontal non-skid surface with all ddors,
drawers, casters, adjustable feet and other movable parts arranged in any combination |that
resylts in the least stable condition. The equipment shall be blocked, if necessary, by mgans
of a|stop of the smallest dimensions possible, to keep it from sliding or rolling when subjegted
to ohe of the following tests:

a) an externally applied horizontal ‘force of 13 % of the weight of the equipment or 100 N,
whichever is less, is appliedin‘a horizontal direction to that point on the equipment |that
will result in the least stability. The force shall not be applied more than 1,5 m aljove
supporting surface; or

b) the equipment shall_be moved through any angle of tilt up to and including 15° from| the
ertical.

Durlng the test, the equipment shall not tip over.
8.7| Equipment mounted to a wall or ceiling
8.7/ General

Thig subclause specifies how to minimise the likelihood of injury caused by equipment fa|ling
due to faitureof themountingmearns:

The mounting means of MS2 or MS3 equipment intended for wall or ceiling mounting shall be
capable of vertically supporting four times the weight of the equipment, and also lateral
stress. The mounting hardware shall either be provided with the equipment, or described in
detail in the user instructions (for example, length of screws and type of mounting surface
suitable for the installation, etc.). Classification of equipment for the purposes of assessing
wall mounting means is to be done according to Table 40, line 6.

8.7.2 Test method

The equipment is mounted in accordance with the manufacturer’s instructions and mounting
means positioned, when possible, to represent the most severe stress on the supports.
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A downward force, in addition to the weight of the equipment, is applied downwards through
the centre of gravity for 60 s. The additional force shall be equal to three times the weight of
the equipment, but not less than 50 N in total. The equipment and its associated mounting
means shall remain secure during the test.

In addition, for wall mounted equipment, a horizontal force of 50 N is applied laterally for 60 s.

8.7.3 Compliance

Compliance is checked by inspection of the construction and of available data or, where
necessary, hy the test of 8 7. 2

8.8 | Handle strength test method
8.8.11 General

Thig subclause specifies how to reduce the likelihood of injury from a handle’ failure cauping
the pquipment to fall for other than MS1 equipment having only one handle.

Thig subclause applies to a handle that is declared by the manufacturer for the purposg of
lifting or carrying the equipment.

For the purposes of this subclause, the equipment is classified’according to Table 40, line (5.

8.8.p Compliance and test method

The|equipment shall pass the following test:

A weight shall be uniformly applied over a 75 mm width at the centre of the handle, without
clamping.

The|weight shall be the equipment weight plus an additional weight as specified below:

— for MS1 equipment, with two or more handles, a weight that exerts a force of three times
he weight of the equipment;

— for MS2 equipment, .a-weight that exerts a force of three times the weight of|the
bquipment;

— for MS3 equipment with a mass 50 kg or less, a weight that exerts a force of two timed the
weight of theequipment or 75 kg, whichever is greater;

— for MS3 _équipment with a mass greater than 50 kg, a weight that exerts a force of|one
imes the_weight of the equipment or 100 kg, whichever is greater.

The| additional weight shall be started at zero and gradually increased so that the test valge is
attained in 5 s to 10 s and maintained for 60 s When maore than one handle is provided] the
force shall be distributed between the handles. The distribution of the forces shall be
determined by measuring the percentage of the equipment's weight sustained by each handle
with the equipment in the intended carrying position. When MS2 equipment is furnished with
more than one handle, and it can be considered capable of being carried by only one handle,
each handle shall be capable of sustaining the total force.

As a result of the test, the handle, its securing means, or that portion of the enclosure to
which it is secured, shall not break, crack, or detach from the equipment.
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8.9
8.9.

Wheels or casters attachment requirements

1 General

This subclause specifies how to reduce the likelihood of MS3 and some MS2 equipment,
including carts, stands and similar carriers that support the equipment, from tipping over
during movement. For the purposes of this subclause, the equipment is classified according to

Tab

le 40, line 5.

8.9.2 Test method

Wh{
inte
with
The
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8.1(
8.1(
This

PelS or casters on MSJ3 equipment, or their supporting cart, stand or similar car
hded to be moved as part of its normal operating conditions, shall be capabl
standing a pull of 20 N without being damaged or pulled free from its securing)me
pull force is to be applied by a weight, or a steady pull, to the wheel or casterfor a pg
min in any direction made possible by the construction.

Carts, stands, and similar carriers
.1 General
subclause specifies how to minimise the risk of tippifg) material breakdown

mismatching of cart, stand or similar carrier relevant to the modnted equipment.
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equipment shall be stable with the cart, stand or similar carrier. For the purposes of
Clause, the MS classifications of Table 40, line 5 ate applied using the combined mas
the equipment and the carts or stands specified\with the equipment.

arts and stands specified for use with theceguipment shall be subjected to the applic
5 described in the following subclauses. A cart, stand or carrier shall be subjected to

cart or stand.

equipment, including their supporting carts, stands and similar carriers that support
pment, that are not moved.as*part of its normal operating conditions, shall comply
horizontal force test of 8.6(3.2.

Cified cart, stand orcarrier, shall comply with the relocation stability test in 8.6.2.3 ex
the tip angle becomes 15°. If equipment is provided with wheels or casters that allow
pment to only move in limited directions, the test is only applied in those directions
mple, an efectronic white board).
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icable tests alone and again with the ‘€quipment specified by the manufacturer placed on
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or MS3 equipment more than 1 m in height, including equipment mounted on their
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8.1C

N Marki . .

A cart, stand or similar carrier that is specified by the manufacturer for use with specific
equipment, but is packaged and marketed separately from the equipment, shall be provided

with

an instructional safeguard in accordance with Clause F.5.
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Elements 2, 3 and 4 as appropriate shall include the manufacturer's name, distinctive
catalogue designation of equipment to be supported, model or series, and equipment name;
and the following statement or equivalent text:

CAUTION
This (cart, stand or carrier) is intended for use only with (manufacturer's name),
(model number or series), (equipment name).
Use with other equipment may result in instability causing injury.

When it is not feasible to include a specific equipment model number or series designation on
the Fart, stand or similar carrier, this information shall be provided In the instructions.

Equjpment only intended and shipped for use with a specific cart, stand or simifar’carfier,
shall be provided with an instructional safeguard in accordance with Clause F.5;

Elements 2, 3 and 4 as appropriate shall include:

CAUTION
Thip (equipment name) is for use only with (manufacturer's name),.(model number or seri¢s),
(cart, stand or carrier). Use with other (carts, stands, or carriefs)imay result in instability
causing injury.

8.1(0.3 Cart, stand or carrier loading test and compliance

A cart, stand or carrier shall be constructed so thatfermanent deformation or damage that is
cap@ble of resulting in injury to a person, does .not occur when it is subjected to a force of
220|N applied for 1 min to any grippable or leverage point accessible to a child.

To dletermine compliance, the force is applied through the end of a 30 mm diameter cirdular
cylimder. The force is to be applied to avshelf drawer, dowel rung support, or equivalent |part
that|is within 750 mm from the floor and will support some or all of a child's weight. The fprce
is tp be applied for 1 min with the~cart or stand at room temperature. The part shall| not
collapse or break so as to expoSe-sharp edges or produce pinch points that are capable of
resylting in injury.

In addition, a cart, stand ‘or other carrier shall be constructed so that permanent deformqtion
or dlamage that is capable of resulting in injury to persons does not occur when gach
supporting surface is.individually loaded with:

— fhe manufagturer’s intended load plus 440 N for the surface intended to support a display
with movingimages, or

— four times the manufacturer's intended load or 100 N, whichever is greater but nqgt to
pxceed 440 N, is applied to all applicable surfaces.

A dedicated storage area intended to accommodate specific accessories such as media
tapes, discs, etc. shall be fully loaded to the rated load.

The weight is to be applied for 1 min on each supporting surface, with the other supporting
surfaces unloaded.

8.10.4 Cart, stand or carrier impact test

When tested as described below, a cart, stand or carrier shall not produce a risk of injury to
persons.

A single 7 J impact is to be applied to any part of the cart or stand and the test method is to
be as described in Clause T.6. However, a cart, stand or carrier made of glass shall be tested
instead according to T.9.1.
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8.10.5 Mechanical stability

A cart, stand or carrier, including floor standing, by itself, and where applicable in combination
with its intended MS2 or MS3 equipment, shall be subjected to the applicable tests described
in 8.6.2.3 and 8.6.3.2.

For the purposes of these tests, the weight shall be considered as the total weight of the
equipment plus the weight of the cart, stand or carrier. The equipment shall be installed
according to the manufacturer's instructions and the horizontal force shall be applied to either
the cart, stand or carrier or intended equipment to produce a maximum overturning moment
on the equipment at a point up to a maximum height of 1,5 m above the floor level.

If dyring the tests of 8.6.2.3 and 8.6.3.2 the equipment starts to slide or tip relative to~the ¢art,
stand or carrier, only the horizontal force test shall be repeated by reducing the fofceto 13 %
of the weight of the equipment alone, or 100 N, whichever is less.

Thelequipment and cart or stand shall not tip over.

8.10.6 Thermoplastic temperature stability

An pquipment, cart, stand or carrier using thermoplastic materials in its construction ghall
withistand the test of Clause T.8, without any shrinkage, warnpage, or other distortion of| the
thermoplastic materials that results in the equipment failing.tg,comply with 8.10.3, 8.10.4 |and
8.10.5.

8.11 Mounting means for rack mounted equipment
8.11.1 Requirements

Thig subclause applies to the mounting means’ of MS2 and MS3 equipment installed in a rpck,
thatl can be extended away from the, rack for installation, service and the like. [his
reqyirement does not apply to equipment fixed in place, equipment subassemblies or rgcks
having a top installation position less'than 1 m in height from the supporting surface.

For|the purpose of this subclause, the mechanical mounting means will be referred t¢ as
slide¢-rail. This subclause specifies requirements for the slide-rail to reduce the likelihood of
injufy by retaining the equipment in a safe position and not allowing the slide-rails to bugkle,
megns of attachment tothreak, or the equipment to slide past the end of the slide-rails.

NOTE 1 Slide-rails include bearing slides, friction slides or other equivalent mounting means.

NOTE 2 Slide-rail_eonstructions of integrated parts/units of the end product (for example, pullout paper trays in
copigrs/printers)are not considered to be rack mounted equipment.

Clagsification of products for the purposes of assessing equipment stability is to be done
according to Table 40, line 5.

Such slide-rails shall have end stops that prevent the equipment from unintentionally sliding
off the mounting means.

8.11.2 Mechanical strength test, variable v

The slide-rail shall be installed in a rack with the equipment, or equivalent setup in
accordance with the manufacturer’s instructions. With the equipment in its extended position,
a force in addition to the weight of the equipment is to be applied downwards through the
centre of gravity for 1 min by means of a suitable test apparatus providing contact over a
circular plane surface 30 mm in diameter. If applying this force could damage the equipment,
a metal plate or other means of distributing the force may be placed under the test apparatus.
The total force shall be calculated based on the mass of the equipment plus an additional
mass as determined below.
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NOTE This additional force is intended to take into account other items or devices that may be stacked on top of
the installed rack mounted equipment while in the extended position during installation of other equipment.

For slide-rail mounted equipment where the slide-rails are mounted horizontally on each side
of the equipment, the total force applied to the slide-rails shall be equal to the greater of the
following two values:

— 150 % of the equipment mass plus 330 N,

— 150 % 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[sTide-rail mounted equipment where the slide-rails are mounted vertically on the topland
bottpm of the equipment in the rack, the total force applied to the slide-rails shall be 150-°% of
the pquipment mass, with a minimum force of 250 N and a maximum force of 530 N:

If the supporting surface is intended to be a shelf, then the distribution of force over a netal
plate under the test apparatus does not apply. The manufacturer shall state the maximum
load that is intended to be placed on the shelf in order to determine the force that needs tp be
applied to the shelf. An instructional safeguard shall be provided on the shelf to indicatg the
maximum weight that can be added to the shelf. The force test shall beyconducted at 125 % of
the maximum weight stated by the manufacturer. The force is to be applied directly by mgans
of the test apparatus providing contact over a circular plane surface”30 mm in diameter.

8.11.3 Mechanical strength test, 250 N, including end _stops

The| slide-rail mounted equipment is installed in a rack4n accordance with the manufacturer’s
instfuctions. A 250 N static force is applied to theé. slide-rail mounted equipment, in eyery
direption except upward to include the most unfavourable position of the slide-rail mouhted
equljpment, for a 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) positiof by
megns of a suitable test instrument providing contact over a circular plane surface 30 mm in
diameter. The force is applied with the camplete flat surface of the test instrument in corjtact
with the equipment. The test instrumeft need not be in full contact with uneven surfaces|(for
exanple corrugated or curved surfaces).

NOTE Additional requirements for acdynamic force test on end stops are being considered at this time.
8.11.4 Compliance

Compliance is checked by inspection and available manufacturer’s data. If data is|not
avallable, then the(tests according to 8.11.2 and 8.11.3 are conducted.

The| equipment-and its associated slide-rails shall remain secure during the tests. Pne
complete cycle of travel on its slide-rails after completion of each test shall be performef. If
the |mounting means is not able to perform one complete cycle without binding, a force of
100|N{shall be applied horizontally to the front of the equipment at its centre point with| the
inteht™o completely retract the equipment into the rack Should the equipment fail to fully
retract, the mounting means shall not bend or buckle to any extent that could introduce an
injury. End stops shall retain the equipment in a safe position and shall not allow the
equipment to slide past the end of the slide-rails.

8.12 Telescoping or rod antennas

A telescoping or rod antenna shall be provided with a minimum 6,0 mm diameter button or
ball on the end. An antenna end piece and the sections of a telescoping antenna shall be
secured in such a manner as to prevent removal.

Compliance is checked by inspection and the test of Clause T.10.
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9

9.1

Thermal burn injury

General

This clause specifies safeguards to reduce the likelihood of skin burn injury as the result of
conduction of thermal energy from parts of equipment.

9.2
9.2.

Thermal energy source classifications

1 General
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le fault conditions are not considered.
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F TS2 may be accessible to an instructed person, and under single fault conditions, to an ordinary
bn.

may be accessible to‘ordinary persons if an instructional safeguard is in place.
A TS3

b 42
mal



https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

— 164 — 62368-1 © IEC:2010(E)
9.2.5 Touch temperature levels
Table 42 — Touch temperature limits
Maximum temperature (7max)
°C
Accessible parts * Glass,
porcelain Plastic
Metal | ..d vitreous | and rubber® | Wood
material

TS1 | Handles knabhs nrin etc _and external sirfaces held

in normal use (>1 min) ° 48 48 48 4p
TS1|| Handles, knobs, grips, etc., and external surfaces held

for short periods of time or touched occasionally (>10 s 51 56 60 6p

and <1 min) °©
TS1|| Handle, knobs, grips etc., and external surfaces

touched occasionally for very short periods (>1 s and 60 71 77 147

<10s)°
TS1 Externa_l surfaces thatc need not be touched to operate 70 ¢ 80 ¢ 94 ¢ 140

the equipment (<1 s)
Thellimits for TS2 are 10 K higher than the TS1 limits.

xcept for handles, knobs, grips etc., the following parts inside the equipment need not comply with this t
rovided an instructional safeguard in accordance with Clause F¢5 is¥provided on or near the hot part
4.2):

a part that does not need to be touched to operate the equipment and if unintentional contact with the p
unlikely;

internal parts of the equipment requiring heat for thesintended function (for example, a document lamin|
thermal print head, fuser heater, etc.) provided the‘parts are unlikely to be touched by an ordinary pe
under normal operating conditions.

or each material, account shall be taken of the\data for that material to determine the appropriate maxirn
bmperature.

ime of contact shall be determined by the\manufacturer.

or outside parts of metal that are covefréd with plastic material of at least 0,3 mm thick, a temperature rise w|
orresponds to the permissible temperature limit of the plastic and rubber is allowed.

or the following areas and exterhal surfaces, the temperature limit is 100 °C unless a higher limit is spec
bove:
an area on the external 'surface of the equipment that has no dimension exceeding 50 mm, and that i
likely to be touched ip normal use; or

accessible surfaces’ of the equipment requiring heat for the intended function (for example, equipment
contains a document laminator, thermal print head, fuser heater, etc.), and that are not likely to be tou
in normal use) ‘o

heatsinks;and metallic parts directly covering heatsinks, except those on surfaces incorporating switch
controls.handled during normal use.

or these areas and parts, an instructional safeguard in accordance with Clause F.5 shall be provided on
ear(the hot part.
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9.3

9.3.

Protection against thermal energy sources

1 General

This subclause specifies protection requirements for parts accessible to ordinary persons,
instructed persons, and skilled persons.

9.3.
9.3.

2 Protection of an ordinary person

21 Protection of an ordinary person against TS1

No safeguard need be interposed between TS1 and an ordinary person.
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9.3.2.2 Protection of an ordinary person against TS2

At least one safeguard shall be interposed between TS2 and an ordinary person. This
safeguard may be:

— an equipment safeguard such as thermal insulation; or

— an instructional safeguard in accordance with Clause F.5.

For use of instructional safeguards, see 9.4.2.

9.3.W3
At least one equipment basic safeguard and one supplementary safeguard ~shall be

intefposed between TS3 and an ordinary person.

NOTE The supplementary safeguard may be an instructional safeguard.
9.3..4 Compliance

Compliance is checked by inspection.

9.3.B Protection of an instructed person
9.3.5.1 Protection of an instructed person against T.S2

No e¢quipment safeguard need be interposed between, TS2 and an instructed person.

9.3.8.2 Protection of an instructed person against TS3

At least one equipment basic safeguard-and one supplementary safeguard shall| be
intefposed between TS3 and an instructed{person.

NOTE The supplementary safeguard may bedn instructional safeguard.

Compliance is checked by inspectioh.

9.3.44 Protection of a sKilled person

Par{s and surfaces classed TS3 shall be provided with an equipment safeguard or prov|ded
withl an instructional jsafeguard so that unintentional contact with such parts and surfgces
duripg service operations is unlikely to cause the skilled person to recoil into other clags 3
enefgy sources«(see Figure 19).

Compliance.is checked by inspection.

9.4 | “Requirements for safeguards

9.4.1 Equipment safeguard
9.4.11 Requirements

An equipment safeguard shall limit the transfer of thermal energy (source temperature)
under normal operating conditions and abnormal operating conditions or Ilimit
accessibility to a thermal energy source to a touch temperature as specified by the TS
classification according to Table 42.

Temperature limits are applied only for those abnormal operating conditions where the
equipment continues to function and the abnormal operating condition is not obvious. If the
equipment stops functioning, then the limits are not applicable.
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9.4.1.2 Test method and compliance

This test is run with the room ambient conditions as defined in B.1.7, except that the room
ambient temperature shall be 25 °C.

The equipment shall be operated in a manner the manufacturer determines likely to result in
elevated thermal conditions of accessible surfaces and parts.

NOTE This may not be the condition of maximum input current or wattage but the condition that delivers the
highest thermal level to the part in question.

Compliance is checked by measuring the steady state temperature of accessible surfaced.

9.4.p Instructional safeguard

An linstructional safeguard shall be provided in accordance with Clause, .5 and| be

comlprised of f
— {he symbol IEC 60417-5041 (2002); or

— the following statement or equivalent text:

CAUTION
Hot surface. Do not touch.

Compliance is checked by inspection.

10 |[Radiation

10.1 General

Thig clause specifies how to reduceythe likelihood of exposure of persons to injurious leve|s of
both ionising and non-ionising electromagnetic radiation. This clause also provides protedtion
aga|nst hearing impairment from excessive sound levels that may be produced by electrpnic
equ|pment.

10.2 Radiation energy source classifications
10.2.1 RS1

RS1 has levels not exceeding RS1 limits under normal operating conditions and abnornmal
operating-conditions and not exceeding RS2 limits under single fault conditions. Wh¢n a
pergon is exposed to RS1, the energy is undetectable to detectable but not painful.

NOTE An ordinary person may be exposed to RS1.
10.2.2 RS2

RS2 has levels not exceeding RS2 limits under normal operating conditions, abnormal
operating conditions and under single fault conditions, but is not RS1. When a person is
exposed to RS2, the energy may be detectable to painful. Exposure to RS2 is acceptable
within given exposure limits and related short time periods (dose rates).

NOTE An instructed person may be exposed to RS2. Under single fault conditions, an ordinary person may
also be exposed to RS2.
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10.2.3 RS3

RS3 has levels exceeding RS2 limits, or any energy source declared to be RS3. When a
person is exposed to RS3, the energy, even at short exposure (instantaneous power or power
density), is considered injurious.

NOTE A skilled person may have access to RS3 with appropriate instructional safeguards and skill
safeguards in place. National regulations limit the radiation level and exposure time where a skilled person is
working live where RS3 may be present.

10.3 Requirements for electromagnetic radiation

10.3.1 Protection of persons from non-ionising radiation
10.3.1.1 General

Thig subclause specifies safeguards to reduce the risk of harmful effects. of non-ioniging
radiption to all persons.

NOTE Diodes emitting coherent light (such as super luminescent diodes) should be tréated as a laser.

10.3.1.2 Non-ionising radiaton from lasers
10.3.1.21 Requirements

Equipment containing one or more lasers (including-laser diodes) shall comply Mwith
IEC|60825-1, IEC 60825-2 or IEC 60825-12 as applicable.

Where a laser of class 3R, 3B or 4 is present, a.tool shall be required to gain access.

10.3.1.2.2 Compliance
Radiation energy classification is detefmined by

— Ineasuring according to the IEC-60825 series, or
— ¢hecking the available manufacturer’s data sheet.

Compliance is checked to the applicable standard(s) within the IEC 60825 series.

NOTE 1 As of the date’ of this standard, the applicable standards are |EC 60825-1, IEC 60825-2| and
IEC $0825-12.

Equlipment that-does not exceed the accessible emission limit for Class 1 under all conditfons
of gperation, -naintenance and failure is not required to have a laser warning instructi¢nal
safeguard_“or laser explanatory label. Such equipment is exempt (see Clause 1 of
IEC|60825-1:2007).

NOTE 2 Accessible emission limit is defined in IEC 60825-1:2007, 3.3.

10.3.1.3 Non-ionising optical radiation from lamps and lamp systems (including LEDs)
10.3.1.3.1 General

Equipment containing lamps or lamp systems 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 provided with safeguards to eliminate unnecessary optical
radiation exceeding the limits specified in IEC 62471. Low power applications of LEDs need
not comply with IEC 62471.

NOTE 1 General purpose incandescent and fluorescent lamps, with ordinary glass envelopes, are not considered
to emit significant UV radiation.
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NOTE 2 Some examples of low power applications of LEDs that are exempt from the above requirements are
those used as:

NOTE 3
excefd 10" cd/m-, It IS expected that the radiation does nol exceed the exposure Nimits given in_4

IEC

NOTE 4 For UV-C limits (wavelengths between 180 nm and 200 nm), the value of IEC 62471 for 200 nim is use

The|lmarking requirements in Clause F.5 are not required for a door or cover that is prov
withl a safety interlock switch that disconnects power to the UV lamp when the door or ¢
is opened, or any other mechanism that prevents UV radiation from being ac¢essible.

In |

10.3.1.3.2 Requirements

Excppt for the following condition of a) or b), optical radiation shall either

NOTE 1 Lamp systems containing Jlamps covered by 6.1.1 of IEC 62471:2006 are exempt from the 4
requfrements.

NOTE 2 The exempt group js described in 6.1.1 of IEC 62471:2006.

a)

a9
Visi

NOTE 37,'Glass with a thickness of 2 mm usually complies with this requirement.

Hig

Equipment that produces visible light that is only emitted through a glass focusing lens ha

indicating lights;

infra-red devices such as used in home entertainment devices;

infra-red devices for data transmission such as used between computers and computer peripherals;
optocouplers; and

other similar low power devices.

If optical radiation is broadband visible and IR-A radiation and the luminance of the source does not

2471:2006 (see 4.1 of IEC 62471:2006).

EC 62471,

he exempt group is RS1,
isk group 1 and risk group 2 are RS2,
isk group 3 is RS3.

be contained by the enclosure of the damps and lamp system or the enclosure of]
bquipment; or

not exceed the relevant limits for’the exempt group given in IEC 62471 for norn
bperating conditions (for exampte, 8 h exposure for UV radiation).

For UV radiation:

% UV attenuation up to 400 nm is exempt if there are no other openings through w
le radiation is emitted.

3 of

d.

ded
bver

the

mal

bove

ving
hich

ner UV exposure levels are acceptable for shorier periods (up to 100 s tor RSZ)

for

maintenance and cleaning operations, if it is necessary for the UV lamp to be on during these
operations. However, optical radiation shall not exceed the limits for risk group 2 (moderate
risk) given in IEC 62471. The relevant exposure limits for the reduced time intervals for these
operations shall be stated in the instructions.

Doors and covers that, when open, would allow access to RS2 shall have an instructional
safeguard provided in accordance with Clause F.5 and be comprised of:

— the symbol, consisting of IEC 60417-5751 (2002) combined with the triangle shaped

warning sign from 1SO 3864-2, or
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— the following statement or equivalent text:

WARNING
Turn off the UV lamp before opening.

If the UV radiation symbol is used on the equipment, both the symbol and an instructional
safeguard similar to the above marking shall appear together in the instructions. Where a
symbol is used, its meaning shall be explained in the instructions.

If skilled persons are likely to be exposed to higher emissions than those specified abovg, in
an area only accessible to skilled persons, and it is necessary for the equipment to remain
enefgized while being serviced, an instructional safeguard shall be provided in a¢cordgnce
with Clause F.5 and be comprised of:

— the symbol, consisting of IEC 60417-5751 (2002) combined with the triangle shgped
varning sign from ISO 3864-2, or

— the following statement or equivalent text:

WARNING
Use UV radiation eye and skin protection during servicing.

The| marking shall be located where readily visibte\ during the servicing operation. [The
insfructional safeguard shall be visible prior to opening the means of access to the RS3.

If the UV radiation symbol is used on the equipment, both the symbol and an instructi¢nal
safeguard similar to the above marking shall@ppear together in the servicing instructions.

b) For visible radiation:

If the emission of high levels of nvisible radiation is required for the equipment’s interjded
fungtion, an instructional safequard shall be provided in accordance with Clause F.5 and be
comlprised of:

— the symbol , consisting of IEC 60417-5012 (2002) combined with the triangle shgped
varning sign from SO 3864-2, or

— the following statement or equivalent text:

WARNING
Do not stare into beam.

Higher exposure levels are acceptable for shorter periods of time for maintenance and
cleaning operations, if it is necessary for the lamp to be on during these operations, however
optical radiation shall not exceed the limits for risk group 2 (moderate risk) given in
IEC 62471. The relevant limits are those for the expected time intervals for these operations,
which shall be stated in the instructions.

For doors and covers that when open would allow higher emissions than those specified
above to be accessible, an instructional safeguard shall be provided in accordance with
Clause F.5 and be comprised of:

— the symbol, consisting of IEC 60417-5012 (2002) combined with the triangle shaped
warning sign from ISO 3864-2, or
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— the following statement or equivalent text:

WARNING
Turn off the lamp before opening.

The instructional safeguard shall be in accordance with Clause F.5. The above marking is
not required for a door or cover that is provided with a safety interlock switch that
disconnects power to the lamp when the door or cover is opened, or any other mechanism

that

prevents visible radiation from being accessible.

If the visible radiation symbol is used on the equipment, both the symbol and an instructiclmal
e a

safeguard similar to the above marking shall appear together in the instructions.Whe

symfpol is used, its meaning shall be explained in the instructions.
If skilled persons are likely to be exposed to higher emissions than those specified abpve,
and| it is necessary for the equipment to remain energized while being serviced,| an
insfructional safeguard shall be provided in accordance with Clause F.5 and be compr|sed
of:
- the symbol, consisting of IEC 60417-5012 (2002) combined with the triangle shgped
varning sign from ISO 3864-2, or
— the following statement or equivalent text:
WARNING
Use eye protection during servicing.
The|marking shall be located where readily visible during the servicing operation.
If the visible radiation symbol is used onithe equipment, both the symbol and an instructi¢onal
safeguard similar to the above marking’shall appear together in the service instructions.
10.3.1.3.3 Compliance
Compliance is checked by, evaluation of available data sheets, by inspection and, Iif
necgssary, by measurement.
NOTE For guidance on measuring techniques, see IEC 62471.
10.3.2 Non-ionizing radiation from radio frequencies in the range 0 Hz to 300 GHz
Thepe types-of radiation are not covered by this standard.
NOTE«I_National regulations apply.
NOTE 2 In the member countries of CENELEC, the amount of non-ionizing radiation is regulated by European

Council Recommendation 1999/519/EC of 12 July 1999 on the limitation of exposure of the general public to

elect

romagnetic fields (0 Hz to 300 GHz).

NOTE 3 For intentional radiators, ICNIRP guidelines should be taken into account for Limiting Exposure to Time-
Varying Electric, Magnetic, and Electromagnetic Fields (up to 300 GHz). For hand-held and body-mounted devices,

atten

tion is drawn to IEC 62209-1 and IEC 62209-2.

10.3.3 Protection of persons from ionizing radiation (X-radiation)

10.3.3.1 General

This subclause defines the level of ionising radiation to reduce the risk of injury to persons,

and

describes the method of measurement for ionising radiation.
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10.3.3.2 Requirements

Equipment shall not generate ionising radiation at levels that are injurious to persons. For an
ordinary person and an instructed person, the limits of RS1 shall not be exceeded. For
skilled persons, the limits of RS2 shall not be exceeded.

An equipment safeguard shall be interposed between all persons and a RS2 or RS3. In
addition, if a skilled person may be exposed to RS2, then an instructional safeguard is
required.

10.3.3.3—Compliance

For|RS1, at any point 50 mm from the surface of the area accessible to ordinary persjons
and|instructed persons, the dose-rate shall not exceed 36 pA/kg (5 uSv/h, or 0,5 mR7/h).

NOTE 1 This value is consistent with International Commission on Radiation Protection (ICRR) Publication 6(.

For|RS2, for protection of a skilled person, an additional measurement is made with any |part
of the cabinet, case, and chassis removed per maintenance instructions(CRT exposed) al the
maximum test voltage applicable and under the conditions in accordarice with 10.3.3.4. Atlany
point 100 mm from the outer surface of any component of the equipment, the dose-rate ghall
not pxceed 185 pA/kg (25 uSv/h, or 2,5 mR/h).

NOTE 2 In the member countries of CENELEC, the amount of ionizing,radiation is regulated by European Cduncil
Diregtive 96/29/Euratom of 13 May 1996. This Directive requires that@t‘any point 100 mm from the surface df the
equipment, the dose-rate shall not exceed 1 uSv/h (0,1 mR/h)_taking account of the background level] For
complete requirements refer to the above Directive.

NOTE 3 In the USA, the measuring conditions in the U.S.\Code of Federal Regulations Title 21 Part 1020 afe as
given below (for complete requirements, refer to the above.regulations).

Meagurements are made with the equipment under test.connected to the following source of supply:
- 30 V if the rated voltage is between 110 V-and 120 V;

N 10 % of the rated voltage, if the rated-voltage is not between 110 V and 120 V.

During the measurements:

— @ll user and service accessible controls are adjusted to combinations that produce maximum x-radiption
bmissions; and

— g@bnormal operating_conditions of any component or circuit malfunction causing an increase of x-radiption
emissions are to be_simulated.

NOTE 4 In Canadaj\the measuring conditions in the Consolidated Regulations of Canada, c.1370 are as given
beloy (for complete‘requirements refer to the above regulations).

Meagurementstare made with the equipment under test connected to the following source of supply:
- 1R7ALfthe rated voltage is between 110 V and 120 V;
- 110% of theTated-vottage,if theTated-vottage s ot betweem O Vamd—+20-V-

During the measurements all user and service accessible controls are adjusted to combinations that produce
maximum x-radiation emissions.

10.3.3.4 Test method

Equipment that is likely to produce ionizing radiation is checked by measuring the amount of
radiation. Account is taken of the background level.

The amount of radiation is determined by means of a radiation monitor of the ionizing
chamber type with an effective area of 1 000 mmZ? or by measuring equipment of other types
giving equivalent results.
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Measurements are made with the equipment under test operating at the most unfavourable
supply voltage (see B.2.3) and with controls for an ordinary person and an instructed
person, and controls for a skilled person that are not locked in a reliable manner, adjusted
so as to give maximum radiation whilst maintaining the equipment operative for normal use.

NOTE 1 Soldered joints and fixing by application of paint, epoxy, or similar materials are considered reliable
locking means.

Moreover, the measurement shall be made under any abnormal operating condition and
single fault conditions that can cause an increase of the high-voltage, provided an
intelligible picture is maintained for 5 min, at the end of which the measurement is made and
avelaged Over S i

Durlng the measurements, an intelligible picture is to be maintained.

A picture is considered to be intelligible if the following conditions are met:

— B scanning amplitude of at least 70 % of the usable screen for both widthand height;
— | minimum luminance of 50 cd/m? with locked blank raster providedby a test generatof;
— ot more than 12 flashovers in a 1 h period;

— B horizontal resolution corresponding to at least 1,56 MHz,in the centre with a sirilar
ertical degradation.

NOTE 2 In the USA and Canada, an intelligible picture is in synchronization while covering 60 % of the vieWable
scre¢n area.

10.3.4 Protection of materials from lamps that produce UV radiation

Matgrials that are exposed to UV radiation from a lamp in the equipment shall be sufficigntly
resigtant to degradation to the extent that safety is not affected.

NOTE Metals, glass and ceramic materials do'not need to be assessed.

Compliance is checked by the tests’in Annex C.

10.4 Protection against acoustic energy sources
10.4.1 General

Thig subclause spécifies safeguard requirements for protection from acoustic energy soufces
that|are closely.coupled to the ear, for all persons.

NOTE In Australia the limits in AS/ACIF S004 apply for telecommunications-network-connected equipment.

10.4.2/,“Requirements

The following shall comply with the requirements of 10.4.3:

small battery powered equipment whose purpose is to listen to recorded or broadcasted
sound, that uses wired headphones or earphones that can be worn in or on or around the
ears, and that allows the user to walk around.

NOTE 1 Examples are portable mini-disk or CD players, MP3 audio players or similar equipment.

NOTE 2 Other equipment is under consideration.

10.4.3 Protection of ordinary persons

An instructional safeguard shall be provided in accordance with Clause F.5, using the
following wording or similar:
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To prevent possible hearing damage, do not listen at high volume levels for long
periods. As a guide to setting the volume level, check that you can still hear your
own voice, when speaking normally while listening with the headphones.

NOTE The instructional safeguard indicates that exposure to an acoustic energy source over extended periods
may cause injury. The instructional safeguard provides sufficient information to enable the consumer to
understand the effect of listening to loud sound levels.
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Annex A
(informative)

Examples of equipment within the scope of this standard

Some examples of equipment within the scope of this standard are:

62368-1 © IEC:2010(E)

Generic product type

Specific example of generic type

ma
equ

Lhines and associated
ipment

BankimgequiprreTTt Mormetary processimg mrachimes - etudimgautomrated-tetter(casthrdispernrsing)
machines (ATM)

Consumer electronic equipment Receiving equipment and amplifiers for sound and/or vision, supply

(indluding professional audio, equipment intended to supply other equipment covered by the scope of this

vid¢o and musical instrument standard, electronic musical instruments, and electronic accessories such as

equipment) rhythm generators, tone generators, music tuners and the like for use with
electronic or non-electronic musical instruments, audio and/or video
educational equipment, video projectors, video cameras/and video monitgrs,
video games, juke boxes, record and optical disc players, tape and opticql
disc recorders, antenna signal converters and amplifiers, antenna
positioners, Citizen's Band equipment, equipment)for imagery, electronic [light
effect equipment, intercommunication equipment using low voltage maing as
the transmission medium, cable head-end(fec€ivers, multimedia equipmeht,
electronic flash equipment

Data and text processing Data preparation equipment, data proCessing equipment, data storage

equipment, personal computers, plotters, printers, scanners, text processjing

equipment, visual display units

Dat

A network equipment

Bridges, data circuit terminating equipment, data terminal equipment, rou

ers

Ele
eqy

Ctrical and electronic retail
ipment

Cash registers, point of sale terminals including associated electronic sc3

es

Ele
ma

Ctrical and electronic office
Chines

Calculators, copying machines, dictation equipment, document shredding
machines, duplicators, erasers, micrographic office equipment, motor-
operated files, paper trimmers (punchers, cutting machines, separators),
paper jogging machines, pencil sharpeners, staplers, typewriters

Oth
equ

er information technology
ipment

Photoprinting equipment, public information terminals, multimedia equipm

ent

Pod

tage equipment

Mail processing machines, postage machines

Tel
infr

Ecommunication network
hstructure equipment

Billing equipment, multiplexers, network powering equipment, network
terminating equipment, radio base stations, repeaters, transmission
equipment, telecommunication switching equipment

Telecommunication terminal Facsimile equipment, key telephone systems, modems, PABXs, pagers,
equipment telephone answering machines, telephone sets (wired and wireless)
Thig list is notlintended to be all-inclusive, and equipment that is not listed is not necessarily
excluded fram the scope.
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B.1

B.1

Thid annex specifies various tests and test conditions applicable to the equipment.

B.1

If it|is evident that a particular test is not applicable, or not necessary after inspectio

Annex B
(normative)

Normal operating condition tests, abnormal operating condition tests

and single fault condition tests

General

1 Introduction

2 Test applicability

h of

avallable data, the test shall not be made. Tests in this standard shall be conducted only if

safdty is involved.

In order to establish whether or not a test is applicable, the circuits and construction sha
cargfully investigated to take into account the conseqguences of possible faults.
consequence of a fault may or may not require the use-'of a safeguard to reduce
likelihood of injury or fire.

B.1

Except where otherwise stated, tests specifiedare type tests.

B.1
Unl

equ|pment or shall be the actual equipment.

As

separately on circuits, components or sub-assemblies outside the equipment, provided
inspgection of the equipment and circuit arrangements ensure that such testing will indi
that|the assembled equipment would conform to the requirements of the standard. If any 3

test|indicates the likelihood of non-conformance in the complete equipment, the test shall be

rep

If a

3 Type of test

4 Test samples

¢ss otherwise specified, the sample under test shall be representative of the ag

bn alternative to conducting tests on the complete equipment, tests may be condu

g¢ated in the equipment.

| be
The
the

tual

cted
that
cate
uch

test could’/be destructive, a model may be used to represent the condition to be evalu

NOTE NN vrew of the amount of resource |nvoIved in testrng and in order to minimize waste, it is recomme

that

B.1

result in the destructlon of the test sample are recommended to be carrled out Iast

.5 Measurement of voltages to earth

ted.

ded

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

the protective earthing terminal (if any); and

any other conductive part required to be connected to protective earth (for example,
5.6); and

any conductive part that is earthed within the equipment for functional reasons.

see


https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

- 176 - 62368-1 © IEC:2010(E)

Parts that will be earthed in the application by connection to other equipment, but
unearthed in the equipment as tested, shall be connected to earth at the point by which
highest voltage is obtained.

are
the

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 resistor of 5 000 Q £ 10 % shall

be connected across the voltage measuring instrument.

The voltage drop in the protective earthing conductor of the power supply cord, or in an

earthed conductor in other external wiring, is not included in the measurements.

B.1]6 Compliance by inspection of relevant data

Where in this standard compliance of materials, components or subassemblies is.chécke
inspection or by testing of properties, compliance may be confirmed by reviewing any rele

i by
ant

datgq or previous test results that are available instead of carrying out the spegified type tejsts.

B.1]7 Temperature measurement conditions

The| test measurement set-up shall reproduce the most severe equipment installg
conglitions. Where a maximum temperature (7,,54) is specified foryeompliance with tests,
based on the assumption that the room ambient air temperature will be 25 °C when
equ|pment is operating. However, the manufacturer may specify a different maximum amb
air temperature.

Unlg¢ss otherwise specified, it is not necessary to maintain the ambient temperature (7,
a sgecific value during tests, but it shall be moniteréd and recorded.

With reference to those tests that are to béjcontinued until steady state temperatures
attajned, thermal equilibrium is considered:to exist if the temperature rise does not exq
3 Kfin 30 min. If the measured temgperature is at least 10 % less than the spec
temperature limit, thermal equilibriunmnis considered to exist if the temperature rise does|
exceed 1 Kin 5 min.

e thermocouple method or by any other method giving the average temperature of
ing wires such as the resistance method.

by
win

B.2] Normal gperating conditions

B.2/1 General

Except where specific test conditions are stated elsewhere and where it is clear that there

Unliss a particular method is'specified, temperatures of windings shall be determined either

tion
it is
the
ient

) at

are
eed
fied

not

the

is a

signfificant impact on the results of the test, the tests shall be conducted under the most

unfavourable normal operating conditions taking Into account the 1ollowing parameters:

— supply voltage;
— supply frequency;

— environmental conditions (for example, the manufacturer’'s rated maximum ambient

temperature);

— physical location of equipment and position of movable parts, as specified by
manufacturer;

— operating mode, including external loading due to interconnected equipment;

— adjustment of a control.

the
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For audio amplifiers and equipment containing an audio amplifier, additional test conditions
apply, see Annex E.

B.2

.2 Supply frequency

In determining the most unfavourable supply frequency for a test, different 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 rated frequency (for example, 50 Hz + 0,5 Hz) is not
necessary.

B.2

3—Supplyvoltage

In determining the most unfavourable supply voltage for a test, the following variables.sha
takgn into account:

multiple rated voltages,
pxtremes of rated voltage ranges,

olerance on rated voltage as declared by the manufacturer.

If the manufacturer has not declared a tolerance, it shall be taken-as +10 % and —-10 %

a.c.

Wh
as

mains and +20 % and —-15 % for d.c. mains only.

re a test subclause does not require the most unfavourable supply voltage (by not ma
iecific reference to B.2.3), the supply voltage is the walue of the rated voltage or

valde in the rated voltage range.

B.2

4 Normal operating voltages

Thelfollowing voltages shall be considered:;

normal operating voltages generatediin the equipment, including repetitive peak volt3
such as those associated with switch mode power supplies;

normal operating voltages generated external to the equipment, including ringing sig
eceived from external circuits as indicated in Table 16, ID numbers 11, 12, 13 and 14

Extgrnally generated mains_transient voltages and external circuit transient voltages s

not

B.2

In

be considered:

when determining/working voltages, because such transients have been taken
hccount in the procedures for determining minimum clearances (see 5.4.2);

vhen classifying circuits in the equipment as ES1, ES2 and ES3 (see 5.2).

5 Input test

determination of the input current or input power, the following variables shall

| be

for

King
any

ges

hals
| .
hall

into

be

considered:

loads due to optional features, offered or provided for by the manufacturer for inclusion in

or with the equipment under test;

loads due to other units of equipment intended by the manufacturer to draw power from

the equipment under test;

loads that could be connected to any standard supply outlet on the equipment that is

accessible to an ordinary person, up to the value specified by the manufacturer;
for equipment containing an audio amplifier, see Annex E;

for displays with moving images, the following settings shall apply:

e the ‘Three vertical bar signal’ shall be used as defined in 3.2.1.3 of IEC 60107-1:1997;

and
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e user accessible picture controls shall be adjusted so as to obtain the maximum power
consumption; and

e sound settings shall be as defined in Clause E.1 of this standard.

Artificial loads may be used to simulate such loads during testing.

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

Compliance is checked by measuring the input current or input power of the equipment upder
the following conditions:

— Where equipment has more than one rated voltage, the input current orynput power is
measured at each rated voltage and at each tolerance of the rated voltage;

— Where equipment has one or more rated voltage ranges, the input currént or input pqwer
s measured at each end of each rated voltage range and at the télerance of each end of
bach rated voltage range

» where a single value of rated current or rated power isimarked, it is compared with
the higher value of input current or input power measured in the associated rated
voltage range, but excluding the tolerances on the voltages,

b where two values of rated current or rated, power are marked, separated Ry a
hyphen, they are compared with the two valués measured in the associated rated
voltage range but excluding the toleranceson.the voltages.

The|l measured input current or input power under normal operating conditions, but at| the
rated voltage or at any voltage within the rated voltage range, shall not exceed the rated
curfent or rated power by more than 10 %

B.2)6 Operating temperature measurement conditions
B.2]6.1 General

Tenperatures measured on-the equipment shall conform to B.2.6.2 or B.2.6.3, as applicdble,
all temperatures being in degrees Celsius (°C); where

is the temperature of the given part measured under the prescribed test conditiong;

max 1S the maximum temperature specified for compliance with the test;
amb 1S theZambient temperature during test;

L T TS N |

ma is\the maximum ambient temperature specified by the manufacturer, or 2§ °C,
whichever is greater.

B.216.2  QOperating temperature dependent heating/cooling

For equipment where the amount of heating or cooling is designed to be dependent on
temperature (for example, the equipment contains a fan that has 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 Ty 4y-

NOTE 1 In order to find the highest value of T for each component, it may be necessary to conduct several tests
at different values of 7, .

NOTE 2 The least favourable value of T, = may be different for different components.
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Alternatively, the temperature measurement may be made under ambient conditions with the
heating/cooling device at its least effective setting or with the device defeated.

B.2.

6.3 Operating temperature independent heating/cooling

For equipment where the amount of heating or cooling is not designed to be dependent on
ambient temperature, the method in B.2.6.2 may be used. Alternatively, the test is performed
at any value of T,,,, within the manufacturer's specified operating range. In this case:

T shall not exceed (T

+Tamb_T

max ma)'

Durlng the test, T, should not exceed T, unless agreed by all parties involved.

B.2

vol
with

B.3

B.3

7 Battery charging under normal operating conditions

Unctr normal operating conditions, the maximum charging current, upper, limit charg

ge, lowest charging temperature and the highest charging temperature shall cor
the requirements of Annex M as applicable.

Simulated abnormal operating conditions

1 General

Whe¢n applying simulated abnormal operating conditions, parts, supplies, and media g

be i

Eac

Fau
be 3

The
thog

As
con

N place if they are likely to have an effect on the gutcome of the test.
h abnormal operating condition shall be applied in turn, one at a time.

ts that are the direct consequence ofithe abnormal operating condition are deeme
single fault condition.

equipment, installation, instructions, and specifications shall be examined to detern
e abnormal operating conditions that might reasonably be expected to occur.

a minimum, the following examples of abnormal operating conditions shall
sidered, as applicable, in addition to those mentioned in B.3.2 to B.3.7:

or paper handling-equipment, a paper jam;
or equipmentiwith controls accessible to an ordinary person, adjustment of the cont
poth individually and collectively, for worst-case operating conditions;

or audio amplifiers with controls accessible to an ordinary person, adjustment of]
controls, both individually and collectively, for worst-case operating conditions, wit
hpplying the conditions specified in Annex E;

ing
nply

hall

hine

be

ols,

the
hout

quantity;

liquids or materials spilled into the equipment.

for equipment with moving parts accessible to an ordinary person, a moving parts jam;

for equipment with media, incorrect media, incorrect size media, and incorrect media

for equipment with replenishable liquids or liquid cartridges, or replenishable materials,

Before introducing any of the above abnormal operating conditions, the equipment shall be
operating under normal operating conditions.
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B.3.2 Covering of ventilation openings

The top, sides and the back of equipment, if such surfaces have ventilation openings, shall be
covered one at a time with a piece of card (thick, stiff paper or thin cardboard) of 200 g/m2
density, with dimensions not less than each tested surface, covering all openings.

Openings on different surfaces on top of the equipment (if any) are covered simultaneously by
separate pieces of card.

Openings on top of the equipment, on a surface inclined at an angle greater than 30° and

Haor thaon N0 ¢ b baorizantal feooa bl oo baotriotion 1o £ 3 Lid =¥ spladad
SMagnefrtmhafi—ov—to—the TTOTTZUTTItaT,; MOttt winoTT all UOSTTUCTUTT 19 1TOC U STTUCT, Aalc TACTOTUTUY

On tthe back and the sides of the equipment, the card is attached to the upper~edge |and
alloyed to hang freely.

NOTE There are no requirements for blocking openings in the bottom of the equipment.

B.3J3 DC mains polarity test

If the connection to the d.c. mains is not polarized and the connection is accessible t¢ an
ordinary person, then the possible influence of polarity shall ‘be taken into account when
test|ng equipment designed for d.c.

B.3/4 Setting of voltage selector

Equjpment to be supplied from the mains and provided with a voltage setting device to bq set
by the ordinary person or an instructed person; is tested with the mains voltage sefting
device at the most unfavourable position.

B.3J5 Maximum load at output terminals

Output terminals of equipment supplyihg power to other equipment, except socket-ouflets
directly connected to the mains, arée connected to the most unfavourable load impedance,
incliiding short circuit.

B.3J6 Reverse battery polarity

If it|is possible for anfordinary person to insert replaceable batteries with reversed poldrity,
the pquipment is tested in all possible configurations with one or more batteries reversed (see
alsq Annex M).

B.3J7 Audio amplifier abnormal operating conditions

Abrljormal operating conditions for audio amplifiers are specified in Clause E.2.

B.3.8 Compliance during and after abnormal operating conditions

During an abnormal operating condition that does not lead to a single fault condition, all
safeguards shall remain effective. After restoration of normal operating conditions, all
safeguards shall comply with applicable requirements.

If an abnormal operating condition leads to a single fault condition, Clause B.4 applies.
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B.4 Simulated single fault conditions

B.4.1 General

When applying simulated single fault conditions, parts, supplies, and media shall be in
place if they are likely to have an effect on the outcome of the test.

The introduction of any single fault condition shall be applied in turn one at a time. Faults,
that are the direct consequence of the single fault condition, are deemed to be part of that
single fault condition.

The| equipment, circuit diagrams and component specifications are examined to determine
thoge single fault conditions that might reasonably be expected to occur.

Thel|following single fault conditions shall be considered:

— @an abnormal operating condition that results in a single fault condition. For exaniple,
hn ordinary person overloading external output terminals, or-an ordinary pernson
incorrectly setting a selector switch;

— @ basic safeguard failure or a supplementary safeguard failure;

— except for safeguard components (that is, components ,complying with Clause G.13), a
component failure simulated by short-circuiting any two«€ads and open-circuiting any [one
lead of the component;

— when required by B.4.4, a failure of functional insulation.
B.4J2 Temperature controlling device

Except for temperature controlling safeguards, according to Clauses G.2 to G.5, any sipgle
device or component of a circuit controlling‘the temperature during temperature measurement
shall be open-circuited or short-circuiteds:‘whichever is more unfavourable.

Temperatures shall be measured aecording to B.1.7.

B.4)3 Motor tests
B.4/3.1 Blocked motor test
Motprs are blocked-oar the rotor is locked in the end product if it is obvious that such an adtion

will result in an_ihcrease in internal ambient temperature of the equipment (for example,
locKing the rotar.of the fan motor to stop air flow).

B.4/3.2 Compliance

Compliance is checked by inspection and examination of the available data or by tegting
according to Clause G.8.

B.4.4 Short circuit of functional insulation
B.4.4.1 Short circuit of clearances for functional insulation

Unless the clearance for functional insulation complies with the clearance for basic
insulation or with the electric strength test of Table 31 for basic insulation, clearances for
functional insulation shall be short-circuited.
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B.4.4.2 Short circuit of creepage distances for functional insulation

Unless the creepage distance for functional insulation complies with the creepage
distance for basic insulation or with the electric strength test of 5.4.11.1 for basic
insulation, creepage distances for functional insulation shall be short-circuited.

B.4.4.3 Short circuit of functional insulation on coated printed boards

Unless the functional insulation complies with the separation distance of Table G.12 or with
the electric strength test of 5.4.11.1 for basic insulation, functional insulation on a coated
printed board shall be short-circuited.

B.4/5 Short circuit and interruption of electrodes in tubes and semiconductors

Elegtrodes in electronic tubes and leads of semiconductor devices shall be short-gircuited, or
if applicable, interrupted. One lead at a time is interrupted or any two leads connefted
togather in turn. See B.4.1 for exceptions to this test.

B.416 Short circuit or disconnection of passive components

Resjstors, capacitors, windings, loudspeakers, VDRs and other passive components shalll be
shoft-circuited or disconnected, whichever is more unfavourable.

Thepe single fault conditions do not apply to:

— PTC thermistors complying with IEC 60730-1:1999,Clauses 15, 17, J.15 and J.17;
— @ PTC providing IEC 60730-1 Type 2.A.L. action

— s$hort circuit between the input and outputiterminations of optocouplers that comply with
he relevant clearances, creepage cdistances and distance through insulgtion
equirements of this standard;

— s$hort circuit between the input andoutput of transformers that comply with the releyant
Clearances and creepage distances requirements of this standard;

— [fesistors complying with the tests of 5.5.3.6 and 5.5.4;

— ¢apacitors complying with- IEC 60384-14 and assessed according to 5.5.3.2 of [this
standard;

— ¢omponents complying with the safety requirements of relevant IEC component standards
br complying with_ Annex G.

B.4[7 Continuous operation of components

Motprs, relay coils or the like, intended for short-time operation or intermittent operation,
are loperated continuously if this can occur during operation of the equipment.

For'ec atedfo e 5 o - - - —thetestisrer
until steady-state conditions are reached, irrespective of the operating time. For this test, the

thermostats, temperature limiters and thermal cut-offs are not short-circuited.

In circuits not directly connected to the mains and in circuits supplied by a d.c. power
distribution system, electromechanical components normally energized intermittently, except
for motors, a fault shall be simulated in the drive circuit to cause continuous energizing of the
component.

The duration of the test shall be as follows:

— for equipment or components whose failure to operate is not evident to an ordinary
person, as long as necessary to establish steady conditions or up to the interruption of
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the circuit due to other consequences of the simulated fault condition, whichever is the
shorter; 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 consequences of the
simulated fault condition, whichever is shorter.

B.4.8 Compliance during and after single fault conditions

During and after a single fault condition, a class 1 energy source or class 2 energy source
shall not become a class 3 energy source.

For|a class 3 energy source, during and after a single fault condition, at least)|one
safeguard shall continue to comply with the requirements for that safeguard.

B.4)9 Battery charging under single fault conditions

Unctr single fault conditions, the maximum charging current, uppér limit charging
volfage, lowest charging temperature and the highest charging temperature shall comply
with{ the requirements of Annex M as applicable.
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Annex C
(normative)

UV radiation

C.1 Protection of materials in equipment from UV radiation

Cc.1.1 General

Thid annex defines the test requirements and test procedures for materials that have sdfety
properties and that are subject to UV radiation exposure.

C.1)2 Requirements

The|following requirements apply only to equipment containing lamps that produce significant
UV radiation in the spectrum 180 nm to 400 nm, as specified by the lamp manufacturer.

NOTE 1 General-purpose incandescent and fluorescent lamps, with ordinary glass-envelopes, are not considered
to emit significant UV radiation.

NOTE 2 Filters and/or lenses may provide a safeguard and may serve aspart of the enclosure.

Table C.1 — Minimum property retention, limits after UV exposure

Standard for the test Minimum retention
Parts to be tested Property method after test

Parts providing Tensile strength ® ISO 527 series 70 %
meg¢hanical support ab

or flexural strength 1ISO 178 70 %
Parts providing impact | Charpy impact © or ISO 179-1 70 %
resfstance . c

Izod impact ~ or 1ISO 180 70 %

Tensile impact.® ISO 8256 70 %
All parts Material flammability class See Clause S.4 of this d

standard

Tensile strength and flexural strength tests are to be conducted on specimens no thicker than the actual
thicknesses.

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.

Tests condueted on 3,0 mm thick specimens for Izod impact and tensile impact tests and 4,0 mm thick
specimens-far Charpy impact tests are considered representative of other thicknesses, down to 0,75 mm.

The material flammability class may change as long as it does not fall below that specified in Clause 6
of this standard.

C.1.3 Test method

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 C.1 are carried out on the parts.

Samples taken from the parts, or consisting of identical material, are prepared according to
the standard for the test to be carried out. They are then exposed to UV radiation
(conditioned) according to Clause C.2. 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.


https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

62368-1 © IEC:2010(E) - 185 —

In order to evaluate the percentage retention of properties after test, samples that have not
been conditioned according to Clause C.2 are tested at the same time as the conditioned

sam

The

c.2

c.2.

ples.

retention shall be as specified in Table C.1.

UV light conditioning test

1 Test apparatus

Sanl)ples are exposed to UV light by using one of the following apparatus:

C.2
The

app
they

C.2

The
prod

NOT
This

Mat
Mat

C.2

The
prodg
with

NOT
This

h twin enclosed carbon-arc (see C.2.3) with continuous exposure. The test appanatus s
pperate with a black-panel temperature of 63 °C # 3 °C; or

h xenon-arc (see C.2.4) with continuous exposure. The test apparatus shall operate w
b 500 W, water-cooled xenon-arc lamp, a spectral irradiance of 0,35 Ww/m® at 340 nr
black-panel temperature of 63 °C + 3 °C.

2 Mounting of test samples

samples are mounted vertically on the inside of the cylinder of the light expo
aratus, with the widest portion of the samples facing the arcs. They are mounted so
do not touch each other.

3 Carbon-arc light-exposure test

apparatus described in 1ISO 4892-4, or equivalent, is used in accordance with
edures given in ISO 4892-1 and ISO 4892¢4.using a type 1 filter, without water spray.

F The wording "without water spray" indicates\that the samples are not sprayed with water during the
should not be confused with water cooling that.is necessary for operation of the apparatus.

brials are exposed to the light continuously for a minimum of 720 h.
brials tested with water spray are also considered acceptable.

4 Xenon-arc light-exposure test

apparatus described in 1ISO 4892-2, or equivalent, is used in accordance with
edures given_in“ISO 4892-1 and ISO 4892-2:2006 using cycle 2 of method A of Tab
out water spray.

F Thecwording "without water spray” indicates that the samples are not sprayed with water during the
should not be confused with water cooling that is necessary for operation of the apparatus.
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Materials tested with water spray are also considered acceptable.
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Annex D
(normative)

Test generators

Impulse test generators

These circuits produce test pulses as referenced in Table D.1. In this table:

NOT
capa

The
tog

Cirg
timg
numj

Cird
timg

The
con

Dur
imp
virtt
sub

he circuit 1 surge is typical of voltages induced into telephone wires and coaxial cablg
ong outdoor cable runs due to lightning strikes to their earthing shield;

he circuit 2 surge is typical of earth potential rises due to either lightning strikes to pqg

lines or power line faults;

he circuit 3 surge is typical of voltages induced into antenna system wiring due to ne

lightning strikes to earth.

F  Extreme care is necessary when using these test generators due to the high electric charge stored i
citor C,.

circuit in Figure D.1, using the component values in circuits’1 and 2 of Table D.1, is |
enerate impulses, the C4 capacitor being charged initially.t0 a voltage U..

uit 1 of Table D.1 generates 10/700 us impulses~40 us virtual front time, 700 us vi
to half value) to simulate transients in extetnal circuits as indicated in Table 16
bers 11, 12, 13, 14, 15, 16 and 17.

uit 2 of Table D.1 generates 1,2/50 usCimpulses (1,2 us virtual front time, 50 us vi
to half value) to simulate transients in power distribution systems.

impulse wave shapes are under‘open-circuit conditions and can be different under
Jitions.

ng the test, the peak(voltage of the applied impulse shall not be less than the f
iIse test voltage (for‘example, see Table 20) and the pulse shape (for example, 1,!
al front time, 503us" virtual time to half value for the 1,2/60 us impulse) shall ren
stantially the same as under open-circuit conditions. Components in parallel with

clegrance may be disconnected during this test.
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R, R> R3
—{  — { ___+—e—1{ }—e
A ‘
U, ) R4 g O
Cq
@ I @ L
Figure D.1 — 1,2/50 pus and 10/700 us voltage surge generator
D.2[ Antenna interface test generator
The| circuit in Figure D.1 using the component values of circuit 3 in(Table D.1, is usef to
gengrate impulses, the C, capacitor being charged initially to a voltage’U,. The switch usgd in
Table D.1 is a critical part of the circuit.
Rs R1
—{
A
Ue
Cy
® I L
Figure B.2 — Antenna interface test generator circuit
Table’'D.1 — Component values for Figure D.1 and Figure D.2
lmTpeusltse Figure Rs C, C, Ry R; R;
Cifcuit 1 10/700 us D.1 - 20 pF 0,2 uF 50 Q 15 Q 25 ¢
Cifcuit 2 1,2/50 ps D.1 - 1 uF 30 nF 76 Q 13 Q 25 ¢
Cikcuit 3 = D2 15 MQ 1nF = 1kQ - -

NOTE Circuits 1 and 2 are based on ITU-T Recommendation K.44.
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D.3 Electronic pulse generator

+/~
®

¢+

HV capacitor (see Note 3)
From a.c. or : H I

i Left contact

d.c. lamp i rela :
driver normal | , K _ .
! Lacition : / P Rightic ©
— H H T T
i relay :
: rupture
® ¢ position
Lamp + Lamp - Adjustable 3 kV
terminal terminal d.c“supply to
charge capacitor
NIOTE 1 The operating pressure of the lamp can be converted tocenergy (Joules). The operating energy

D

vel is the recommended starting point for the test charge.

pd

OTE 2 The relay is a 5 kV double pole defibrillator type, nitrogen filled. A defibrillator qualified relay fis
fficient. See IEC 60601-2-4.

(2]

NIOTE 3 The HV capacitor is rated 0,42 uF 5 kV.

Figure D.3 — Example'of an electronic pulse generator
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E.1

Annex E
(normative)

Test conditions for equipment containing audio amplifiers

Audio amplifier normal operating conditions

Audio amplifiers shall operate at a frequency of 1 000 Hz. In cases where an amplifier is not

inte

All ¢f the following shall be considered under normal operating conditions:

a)

nded for operation at 1 000 Hz, the peak response frequency shall be used.

he equipment shall be operated in such a way as to deliver 1/8 non-clipped output
bower to the rated load impedance. Alternatively, a band-limited pink_fnoise signal may
be used for operation after non-clipped output power is established using a sine wave.
fhe noise bandwidth of the test signal shall be limited by a filteryof a characteristi¢ as
shown in Figure E. 1.

f clipping cannot be attained, the maximum attainable power. shall be considered as| the
hon-clipped output power.

[one controls are to be set at mid-range.

he most unfavourable rated load impedance or‘epen circuit of any output whichever is
nost onerous.

Drgans or similar instruments that have a tone-generator unit shall be operated with|any
combination of two bass pedal keys, if present, and ten manual keys depressed. All sfops
hnd tabs that can increase the output power shall be activated and the equipment shall be
hdjusted to deliver 1/8 of the maximum™attainable output power.

For audio amplifiers used in an- €lectronic musical instrument that cannot generale a
continuous tone, the signal described in a) shall be applied to the signal input terminals or
o the appropriate input stage»of’the audio amplifier.

Where the intended amplifier function depends on phase difference between [two
Channels, there shall bejya phase difference of 90° between signals applied to the[two
channels. For multi-channel amplifiers, where some channels cannot be operated
ndependently, those.channels shall be loaded to 1/16 of the non-clipped output power.

hen determining whether a part or terminal contact is above ES1 or ES2 (see
able E.1), .the- equipment shall be operated to deliver maximum non-clipped output
bower intoLits rated load impedance. The load is removed and the electrical eng¢rgy
source class is determined from the resulting open-circuit output voltage.

he (temperature measurements shall be carried out with the equipment positionefl in

fronted wooden test box with 1 cm free space along the sides and top and 5 cm depth
behind the equipment.
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Table E.1 — Audio signal electrical energy source classes and safeguards

Audio signal voltage Class Examples of safeguards between energy Example of safeguards
source and ordinary person between energy source
Vrm.s. and instructed person
O upto 71 ES1 No safeguard necessary No safeguard necessary
Insulated terminals ®
marked with ISO 7000:2004,
Above 71 and /N\ &
ES2 symbol 0434a or symbol 0434b No safeguard necessary
up to 120
Instructional safeguard for uninsulated
parts of terminals and bare wiring °
Connectors conforming to the requirements of IEC 61984 and marked
Above 120 ES3

with 6 , IEC 60417-5036 (2002)

NOTE When using a single-pole plug or a bare wire to make connection with a contact of a t&rminal for earth of antenna or
for @udio, video or associated signals, accessibility is determined by the use of test probe in Figure V.5. Th¢ test is not
applied to terminals marked with the symbol IEC 60417-5036 (2002).

@ Tefminals that have no conductive parts accessible after wiring are installed accerding to instructions.

® Anl instructional safeguard indicating that touching uninsulated terminals or wifing may result in an unpleasanft sensation.

10
+]0.5/dB}
4] ya \
128/ 0,5(dB L \
Ocave-——ﬁ.‘:;_;:‘;;:--m--1—--- o gt — —— |- e e wof e T f
Leyel HNEEL e ' 1 \
inkB  -10 7 [ 1 N
/ i j 18 dB/
Vi ] I LI+ Octavg
20 ‘ i T Level
/1 —‘ ; \ in dB
Leyel ; h
inpg 30 i \\
-40 )
/ ! |
oy '; :
-60 . j
! ;
.70 by i
1 @ 5 10 2 | 5 10° 2 5 100 2 5 102 5 10°

22,4Hz  315Hz

Frequencies in Hz

Figure E. 1 — Band-pass filter for wide-band noise measurement |
-4

15 kHz 22,4 kHz

For equipment containing an audio amplifier, if continuous operation is not possible, the
amplifier shall be operated at the maximum signal level that allows continuous operation.

E.2 Audio amplifier abnormal operating conditions

Abnormal operating conditions shall be simulated by adjusting the controls to the most
unfavourable output power from zero up to the maximum attainable output power into the
most unfavourable rated load impedance connected to the output terminals. Short circuit of
the output terminals is also considered to be an abnormal operating condition.
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F.1

Annex F
(normative)

Equipment markings, instructions, and instructional safeguards

General

This annex specifies equipment markings, equipment instructions, and instructional

safé¢guards necessary for equipment installation, operation, maintenance, and servigin

acc

Unl
saf

This
spe

This

NOT
an in
NOT
spec
not

instr
mark

F.2

F.2.

Lett

F.2.

Gra
abs
des

NOT

F.2.

prdance with the requirements of this standard.

guards must be in a language accepted in the respective countries.

annex does not apply to markings on components. Markings ‘on components
cified in the relevant component standard.

annex may apply to sub-assemblies such as power supplies(

E 1 Where the term marking is used in the standard, it also applies fo”instructions and required elemen
structional safeguard.

E 2 See Table F.1 for examples of markings. Equipment markings and instructions are not limited to {
fied in this annex. Equipment may bear additional markings.and may be provided with additional instrud
equired by this annex. Other applicable standards .and regulations may require additional marking
ictions. However, care shall be taken so that additional markings and instructions do not contradic
ings and instructions required by this annex.

Letter symbols and graphical\symbols

1 Letter symbols

br symbols for quantities apd-units shall be in accordance with IEC 60027-1.

2 Graphical symbols

bhical symbols shall be in accordance with I[EC 60417 or ISO 3864-2 or ISO 7000. In
bnce of suitable_symbols in IEC 60417 or ISO 3864-2 or ISO 7000, the manufacturer
gn specificigraphical symbols.

A new. symbol should be developed according to human factor principles and according to ISO 3864-2.

3 Compliance

g in

ss symbols are used, safety related equipment marking, instructions and instructional

are

ts of

hose
tions
s or

the

the
may

Compliance is checked by inspection.

F.3

F.3.

Equipment markings

1 Equipment marking locations

In general, equipment markings shall be located near or adjacent to the part or region that is
the subject of the marking.
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Equipment markings specified in F.3.2, F.3.3, F.3.6.2 and F.3.7 shall be on the exterior of the
equipment, excluding the bottom. However, these markings may be in an area that is easily
accessible by hand, for instance

— under a lid, or
— on the exterior of the bottom of
o direct plug-in equipment, hand-held equipment, transportable equipment, or

e movable equipment with a mass not exceeding 18 kg, provided that the location of
the marking is given in the instructions.

Markings shall not be put on parts that can be removed without the use of a tool, unless,ihey
apply to this part

For [permanently connected equipment, installation instructions shall be provided either as
markings on the equipment, or in the instructions, or in a separate installation instrudtion
docyument.

Forrack or panel mounted equipment exceeding 18 kg, markings may.be on any surface |that
becpmes visible after removal of the equipment from the rack or panel:

Unl¢ss the meaning of the marking is obvious, the marking shall be explained in|the
instructions.

Compliance is checked by inspection.

F.3.2 Equipment identification markings
F.3.2.1 Manufacturer identification
The| manufacturer or responsible vendor shall be identified by means of a marking on|the

equ|pment. ldentification may be the.manufacturer's name, the responsible vendor’'s ngme,
trademark, or other equivalent identification.

F.3.2.2 Model identification

The|l model number, model name, or equivalent shall be identified by means of a marking on
the pquipment.

F.3.2.3 Compliance

Compliancesis‘checked by inspection.

F.3.3 Equipment rating markings

F.3.31 Equipment without direct connection to mains

If a unit is not provided with a means for direct connection to the mains, it need not be
marked with any electrical rating, such as its rated voltage, rated current, rated power or
rated frequency.

F.3.3.2 Nature of the supply voltage

The nature of the supply voltage, d.c., a.c., or three-phase a.c., shall be marked on the
equipment and shall immediately follow the equipment voltage rating. If a symbol is used to
identify a.c. or d.c., the symbol~~ IEC 60417-5032 (2002), shall be used for a.c. and the
symbol === |IEC 60417-5031 (2002), shall be used for d.c.
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Three-phase equipment may be identified with “3-phase” or “3@” or any other arrangement

that

F.3.

clearly indicates the phase of the supply voltage of the equipment.

3.3 Rated voltage

The rated voltage of the equipment shall be marked on the equipment. The voltage rating
marking shall be immediately followed by the nature of the supply marking.

The

rated voltage may be:

9 single, nominal value, or

any

If th
equ

h single nominal value and a tolerance percentage of the nominal value, or
wo or more nominal values separated by a solidus (/), or

h range indicated by minimum and maximum values separated by a hyphenjor

other arrangement that clearly indicates the voltage of the equipment.

e equipment has more than one nominal voltage, all such voltagesymay be marked on

(seq F.3.4).

Thr

e-phase equipment shall be marked with the phase-to-phase voltage, a symbol indics

power supply system in accordance with IEC 61293, (3" solidus (/), the phase-to-ne
voltage, the symbol for voltage (V) and the number/ of phases, in that order. Any
arrangement that clearly indicates the three-phase,\rated voltage of the equipment is

acc

NOT
F.3.

The

The

F.3.

bptable.

E  The solidus (/) represents the word “or” and the’hyphen (-) represents the word “to”.
3.4 Rated frequency

rated frequency of the equipment shall be marked on the equipment.

rated frequency may be:

h single, nominal value, or

h single nominal value and a tolerance percentage of the nominal value, or

wo or more nominal values separated by a solidus (/), or

h range indicated by minimum and maximum values separated by a hyphen, or

hny other.arrangement that clearly indicates the rated frequency of the equipment.

3.5 Rated current or rated power

the

pment. However, the voltage for which the equipment is setyshall be clearly indicated

ting
tral
her
hlso

The rated current or rated power of the equipment, as determined according to B.2.5, shall
be marked on the equipment.

For three-phase equipment, the rated current or rated power is the current or power of one
phase.

NOT

NOT

E 1 The rated current or rated power need not be stated to more than one significant digit.

E 2 In some countries, for markings on equipment, a comma is required as the decimal designator.

If the equipment has a socket-outlet for providing mains power to other equipment, the rated
current or rated power of the equipment shall include the assigned current or power of the
socket-outlet.
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See F.3.5.1 for marking requirements for a mains socket-outlet.

If the equipment has more than one rated voltage, the rated current or rated power for each
rated voltage shall be marked on the equipment. The arrangement of the markings shall
clearly indicate the rated current or rated power associated with each rated voltage of the
equipment.

F.3.3.6 Equipment with multiple supply connections

If the equipment has multiple supply connections, each connection shall be marked with its

ted
ted

voltage.

The|overall system electrical rating need not be marked.

F.3.8.7 Compliance

Compliance is checked by inspection.

F.3. Voltage setting device

If the equipment employs a voltage setting device thatds operable by an ordinary persoh or
an ipstructed person, the act of changing the voltage/setting shall also change the indicgtion
of the voltage for which the equipment is set. The“setting shall be readily discernable when
the pquipment is ready for use.

If the equipment employs a voltage-setting.device that is operable only by a skilled person,
and| if the act of changing the voltagelisetting does not also change the indication of|the
voltage rating, an instructional safeguard shall state that, when changing the volijage
sett|ng, the indication of the voltage setting must also be changed.

Compliance is checked by inspection.

F.3.5 Terminals and.operating devices
F.3.56.1 Mains @ppliance outlet and socket-outlet markings

If almains appliance outlet in accordance with IEC 60320-2-2 is provided on the equipment,
the rated voltage and assigned current or power shall be marked adjacent to the applignce
outlet.

If thenmains socket-outlet is configured in accordance with IEC/TR 60083 or a releyant
national standard, the assigned current or power shall be marked. If the voltage of the socket-
outlet is the same as the mains voltage, the voltage need not be marked.

F.3.5.2 Switch position identification marking

The position of a disconnect switch or circuit-breaker shall be identified. Such identification
may be comprised of words, symbols, or an illuminated indicator.

If a symbol is used, the symbol shall be in accordance with IEC 60417.
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F.3.5.3 Replacement fuse identification and rating markings

If a fuse is replaceable by an ordinary person or an instructed person, identification of a
suitable replacement fuse shall be marked adjacent to the fuseholder. Identification shall
include:

fuse current rating;

if the fuse needs a special breaking capacity which is necessary for the safeguard
function, the appropriate symbol that indicates the breaking capacity;

if the fuse can be replaced with a fuse of a different voltage rating, the fuse voltage rating;

ff the fuse is a time-delay fuse, and the time-delay is necessary for the safegyard
unction, the appropriate symbol that indicates the time-delay.

If alfuse is replaceable by an ordinary person, the codings of the relevant fuses shall be
explained in the user instructions.

If a fuse is not replaceable by an ordinary person or an instructed person:

— dentification of a suitable replacement fuse shall be marked adjacent to the fuse or ghall
pbe provided in the service instructions;

— |If the fuse is or could be in the neutral of the mains supply; an instructional safegyard
Ehall state that the fuse is in the neutral, and that thet4mains must be disconnectef to
je-energize the phase conductors.

If a fuse is not intended to be replaceable, fuse ratings,need not be marked.

F.3.5.4 Replacement battery identificationimarking

If a|battery can be replaced by an incorrect type of replaceable battery, an instructional
safeguard shall be provided in accordance*with Clause F.5

F.3.5.5 Compliance

Compliance is checked by inspegtion.

F.3. Equipment markings related to equipment classification
F.3.6.1 Class | equipment
F.3.6.1.1 Protective earthing conductor terminal

The| terminalintended for connection of class | equipment to the installation protective
earthing conductor shall be identified with the symbol@, IEC 60417-5019 (2006).

A terminal intended for connection of a class I sub-assembly (for example, a power supply), or
a component (for example, a terminal block) to the equipment protective earthing conductor

may be identified with either symbol@,lEC 60417-5019 (2006), or with symboljf‘,

IEC 60417-5017 (2006).

F.3.6.1.2 Neutral conductor terminal

For permanently connected equipment, the terminal, if any, intended exclusively for
connection of the mains neutral conductor shall be identified by the capital letter “N”.
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F.3.6.1.3 Protective bonding conductor terminals

Terminals for protective bonding conductors need not be identified. However, if such
terminals are identified, they shall be marked with the earth symboljf‘,

IEC 60417-5017 (2006). A component terminal marked with the symbol@,
IEC 60417-5019 (2006), is acceptable as identification of a protective bonding conductor
terminal.

F.3.6.1.4 Terminal marking location

The|terminal markings specified in F.3.6.1 shall not be placed on screws, removable washers,
or other parts that can be removed when conductors are being connected.

F.3.6.2 Class Il equipment
Class Il equipment shall bear the symbol IEI IEC 60417-5172 (2003).

The|symbol shall not be used on:

— equipment that is provided with a protective earthing conductor or terminal, inclugling
bquipment having (a) conductor(s) connected to such a,terminal but the conductor($) is
hot earthed for safety purposes (for example, a conducter used for functional purpgses
bnly); or

— equipment containing a protective bonding conductor used only to maintain continui{y of
brotective earthing circuits to other equipment inva“system of interconnected equipment.

F.3.6.3 Compliance

Compliance is checked by inspection.

F.3.J7 Equipment IP rating marking

If tHe equipment is intended for ‘ether than IPX0, the equipment shall bear the IP number
according to the degree of protection against ingress of water in accordance with IEC 60529.

If the equipment is intended for IP3X or better, the equipment shall bear the IP number
according to the degree;of protection against ingress of foreign objects.

Compliance is checked by inspection.

F.3.8 Durability, legibility and permanence of markings

In deneral, all markings required to be on the equipment shall be durable and legible, [and
shallLbe pncily discernable under normal Iigh‘ring conditions

Unless otherwise specified, instructional safeguards do not have to be in colour. If an
instructional safeguard is in colour, the colour should be in accordance with the ISO 3864
series. Markings that are engraved or moulded need not be in contrasting colours provided
that they are legible and readily discernable under normal lighting conditions.

Compliance is checked by inspection.

Printed or screened markings shall also be permanent. Permanency is determined by the
tests of F.3.9.
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F.3.9 Test for the permanence of markings

F.3.9.1 General

Each printed or screened marking shall be tested according to this subclause.

If the data sheet for a label confirms compliance with the test requirements, the test need not
be performed.

F.3.9.2 Testing procedure

The|test is conducted by rubbing the marking by hand without appreciable force for 15¢s with
a piece of cloth soaked with water and at a different place or on a different sample.for’{5 s

with a piece of cloth soaked with the petroleum spirit specified in F.3.9.3.

F.3.9.3 Petroleum spirit

Pet

floleum spirit is a reagent grade hexane with a minimum of 85 % n-hexang.

NOTE The designation “n-hexane” is chemical nomenclature for a "normal" or straight chain hydrocarbon.|This
petrqleum spirit may further be identified as a certified ACS (American Chemical Society) reagent grade hexane

(CAg# 110-54-3).

F.3.0.4 Compliance

After each test, the marking shall remain legible. If the marking is on a separable label|the

labgl shall show no curling and shall not be removable/by hand.

F.4

Instructions

shall be given in an instruction for installation or instruction for initial use. This informgtion

sha

Wth information with regard to safety is\required according to this standard, this informdtion

| be available prior to installation™and initial use of the equipment.

Equipment for use in locations where children are not likely to be present and thgt is

eva

statement in the user instructions.

uated using the jointed test probe of Figure V.2 shall have the following or equivdlent

NOTE 1 This equipment désign typically applies to commercial or industrial equipment expected to be installed in

locafjons where only,adults are normally present.

This equipment is not suitable for use in locations
where children are likely to be present.

NOTE 2 See also ISO/IEC Guide 37, instructions for use of products of consumer interest.

The instructions shall include the following as far as applicable.

a)

b)

For equipment intended only for use in a restricted access area, the instructions shall
state so.

For audio equipment with terminals classified as ES3 in accordance with Table E.1, and
for other equipment with terminals marked in accordance with F.3.6.1, the instructions
shall require that the external wiring connected to these terminals shall be installed by a
skilled person, or shall be connected by means of ready-made leads or cords that are
constructed in a way that would prevent contact with any ES3 circuit.

If protective earthing is employed as a safeguard, the instructions shall require
connection of the equipment protective earthing conductor to the installation protective
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earthing conductor (for example, by means of a power cord connected to a socket-outlet
with earthing connection).

d) For equipment with protective earthing conductor current exceeding the ES2 limits of
5.2.2.2, the equipment shall bear an instructional safeguard in accordance with 5.7.6.

e) If a symbol is marked on the equipment, the instructions shall explain the meaning of the
symbol.

f) If a permanently connected equipment is not provided with an all-pole mains switch, the
instructions for installation shall state that an all-pole mains switch in accordance with
Annex L shall be incorporated in the electrical installation of the building.

| ; fa
Suitable replacement component or module shall be provided in the ordinary ,penson
instructions or instructed person instructions, or skilled person instructions,| as
hpplicable.

Compliance is checked by inspection.

F.5 Instructional safeguards

Unlgss otherwise specified in this standard:

— an instructional safeguard is comprised of element/la“or 2 or both, together with
blements 3 and 4. Elements 1a, 1b, 2, 3, and 4 ‘are specified in Table F.1. |[Any
nstructional safeguard element placed on the equipment must be visible to the pefson
brior to potential exposure to the class 2 energy seurce or class 3 energy source parts

Unlgss otherwise specified in this standard:

— {he complete instructional safeguard shall be marked on the equipment, or

— e¢lement 1a or element 2 or both shall"be marked on the equipment and the comglete
nstructional safeguard shall be jn-the text of an accompanying document. If a suitpble
symbol for element 1a is not available, then element 1b may be marked on the equipment
hnd the complete instructional safeguard shall be in the text of an accompanying
jocument.

Table F.1 - Instructional safeguard element description and examples

Element Description Example
A symbol(that identifies the nature of the
a class 2\or.Class 3 energy source or the
consequences that can be caused by the
class 2 or class 3 energy source.
A symbol or set of symbols such as 3
b 1SO 7000-0434 and ISO 7000-1641 to refer A[E

to text in an accompanying document.
These symbols may be combined

Text that identifies the nature of the class 2
or class 3 energy source or the

2 consequences that can be caused by the Hot parts!
energy source, and the location of the
energy source.

Text that describes the possible
3 consequences of energy transfer from the Burned fingers when handling the parts
energy source to a body part.

Text that describes the safeguard action
4 necessary to avoid energy transfer to a
body part.

Wait one-half hour after switching off before
handling parts

The symbol for elements 1a and 1b shall be from IEC 60417, or ISO 3864-2, or ISO 7000, or
equivalent.
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Figure F.1 illustrates one example of the arrangement of the four elements that comprise a
complete instructional safeguard. Other arrangements in the positioning of the elements are
also acceptable.

Hot parts!

Burned fingers when handling the parts

Wait one-half hour after switching off before handling parts

Figure F.1 — Example of an instructional safeguard
See| Table F.2 for examples of markings, instructions, and instructional safeguards:

Table F.2 - Examples of markings, instructions, and instructional safeguards

Rating Example

48 V d.c.

Ratef d.c. voltage
48V ———

230 V
230V o £10 %
100/120/220/240 V a.c.
100-250 V a.c.

Rate[ a.c. voltage

400 Y/230 V 3@

Rate[d 3-phase voltage 208 Y/120 V 3-phase
208 Y/120 V 3 T\~
50-60 Hz
Rate[d frequency
50/60 Hz
Rateld current 1A
Instruction Example

Posiioning of cell, IEC 6044755002 (2002)

AC, |[EC 60417-5032(2002)

DC, |EC 60417-5031 (2002)

Cl H H 4 ICOo oNA47 47
assTeguiptmehit T \vAvi ) 1

N

L
>4

Caution, ISO 7000, 0434a or 0434b (2004)

Dangerous voltage, IEC 60417-5036 (2002)

Earth; ground, IEC 60417-5017 (2006)

Protective earth; protective ground, IEC 60417-5019 (2006)

O~ 1] 2
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Annex G
(normative)

Components

G.1 Switches

G.1.1 General

Thig subclause specifies requirements for switches that are located in PS2 or PS3_orifh an
arcing PIS or a resistive PIS.

G.1])2 Requirements for switches

A switch shall not be fitted in a mains supply cord.
A switch may be tested separately or in the equipment.

A switch shall comply with all of the following:

— ¢omply with the requirements of IEC 61058-1, whereby.the following applies:
b 10 000 operating cycles (see 7.1.4.4 of IEC 61058-1:2000);

p the switch shall be suitable for use in a/mormal pollution situation (see 7.1.6.2 of
IEC 61058-1:2000);

b the switch shall be of level 3 regarding the resistance to heat and fire (see 7.1.9.3 of
IEC 61058-1:2000);

p for mains switches the speed of.gontact making and breaking shall be independent of
the speed of actuation;

» the characteristics of the.@witch with regard to the ratings and classification (see
IEC 61058-1) shall be-j@appropriate for the function of the switch under normal
operating conditions:as given below:

— the ratings of the switch (see Clause 6 of IEC 61058-1:2000);

— the classification of the switch according to:
e natute)of supply (see 7.1.1 of IEC 61058-1:2000);
o _type of load to be controlled by the switch (see 7.1.2 of IEC 61058-1:2000);
o\_Jambient air temperature (see 7.1.3 of IEC 61058-1:2000);

Compliance is checked according to IEC 61058-1.

- {he*switch shall be so constructed that it does not attain excessive temperatures ddring
intended use;

Compliance is checked in the on-position according to 16.2.2d), |) and m) of
IEC 61058-1:2000, taking into account the total current rating of mains socket-outlets, if
any, including peak surge current according to Table G.1.

- a mains switch controlling mains socket-outlets shall withstand the endurance test with
an additional load according to Figure 9 and Figure 10 of IEC 61058-1:2000. The total
current rating of the additional load shall correspond to the marking of the socket-outlets.
The peak surge current of the additional load shall have a value as shown in Table G.1.

Switches used as disconnect devices shall comply with the requirements in Annex L.
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G.1

For
G.1

G.1

sha

distances and no loosening of electrical connections or mechanical fixings.

G.2l Thermal cut-offs

G.2

A tHermal cut-off safeguard shall comply with requirements a) and b), or c).

a)

b)

+ the thermal cut-off shall be of'type 2 action (see 6.4.2 of IEC 60730-1:1999);
+ the thermal cut-off shall_have at least micro-disconnection, type 2B (see 6.4.3.2

+ the thermal cut-off-shall have a trip-free mechanism in which contacts canno
prevented from_‘opéning against a continuation of a fault, type 2E (see 6.4.3.9

+ the number'of cycles of automatic action shall be at least:

Table G.1 — Peak surge current

Total current rating of the switch
controlled socket-outlets Peak surge current
A A
up to and including

0,5 20
1,0 50
2,5 100

over 2,5 150

3 Test method

mains switches the tests of IEC 61058-1 shall be applied with the modifications show
2.

4 Compliance

Aftelr the tests, the switch shall show no damage in the sense of this-standard. In particuﬂar, it

| show no deterioration of its enclosure, no reduction ofCclearances and cree

1 Requirements for thermal cut-offs

[he thermal cut-off, when tested_as a separate component, shall comply with
equirements and tests of the IEC.60730 series as far as applicable:

6.9.2 of IEC 60730-1:1999);

IEC 60730-1:1999);

e 3 000-cycles for a thermal cut-off with automatic reset used in circuits that are|
switched off when the equipment is switched off (see 6.11.8 of IEC 60730-1:199

¢ ,300 cycles for a thermal cut-off with automatic reset used in circuits that
switched off together with apparatus and for thermal cut-off with no autom

nin

age

the

and

be

not
D),

are
atic

RS At } P 1 c 41 PRI £ 4 : 4/ Qa4 4
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IEC 60730-1:1999),

of

e 30 cycles for a thermal cut-off with no automatic reset and that cannot be reset by

hand from the outside of the equipment (see 6.11.11 of IEC 60730-1:1999);

— the thermal cut-off shall be tested as designed for a long period of electrical stress

across insulating parts (see 6.14.2 of IEC 60730-1:1999);

— the thermal cut-off shall meet the conditioning requirements for an intended use of at

least 10 000 h (see 6.16.3 of IEC 60730-1:1999);

— the contact gap, and the distance between the terminations and connecting lead
the contacts, shall comply with 13.1.4 and 13.2 of IEC 60730-1:1999.

The characteristics of the thermal cut-off with regard to
— the ratings of the thermal cut-off (see Clause 5 of IEC 60730-1:1999);

s of
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the classification of the thermal cut-off according to the:
e nature of supply (see 6.1 of IEC 60730-1:1999);
o type of load to be controlled (see 6.2 of IEC 60730-1:1999);

o degree of protection provided by enclosures against ingress of solid objects and
dust (see 6.5.1 of IEC 60730-1:1999);

o degree of protection provided by enclosures against harmful ingress of water (see
6.5.2 of IEC 60730-1:1999);

e pollution situation for which the thermal cut-off is suitable (see 6.5.3 of
IEC 60730 1-1000);

e maximum ambient temperature limit (see 6.7 of IEC 60730-1:1999);
ghall be appropriate for the application in the equipment.
c) The thermal cut-off when tested as a part of the equipment shall:
+ have at least micro-disconnection according to IEC 60730-1 withstanding a |[test
voltage according to 13.2 of IEC 60730-1:1999, and
- have a trip-free mechanism in which contacts cannot be prevented from opeping
against a continuation of a fault, and
- be conditioned for 300 h when the equipment is operated”under normal operating
conditions at an ambient temperature of 30 °C, orn higher if specified by |the
manufacturer, and
- be subjected to a number of cycles of automati¢)action as specified under a) fpr a
thermal cut-off tested as a separate compagrent, by estimating the relevant fault
conditions.
G.2{2 Test method
The| thermal cut-off is checked according(to the test specifications of IEC 60730 serie$ by
insgection and by measurement. The test\is made on three specimens.
G.2{3 Compliance
The|requirements of G.2.1 shallbe fulfilled.
No sustained arcing shall'occur during the test. After the test, the thermal cut-off shall show
no damage in the sense\of this standard. In particular, it shall show no loosening of electtical
conhections or mechanical fixings.
G.3] Thermatl links
G.31 Requirements for thermal links
A thermmattimk—shattmeeteither requirement=a)or by betow:
a) The thermal link when tested as a separate component, shall comply with the

requirements of IEC 60691.
The characteristics of the thermal link with regard to

the ambient conditions (see Clause 5 of IEC 60691:2002);

the electrical conditions (see 6.1 of IEC 60691:2002);

the thermal conditions (see 6.2 of IEC 60691:2002);

the rating of the thermal link (see Clause 8 b) of IEC 60691:2002);

the suitability for sealing in, or use with impregnating fluids or cleaning solvents (see
Clause 8 c) of IEC 60691:2002),
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b)

G.3
If a

isc

If a
isc

threle times. The thermal link is replaced partially or completely after each test.

NOTE When the thermal link cannot be replaced partially>or completely, the complete component part incl

the t

No

G.4 PTC thermistors
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shall be appropriate for the application in the equipment under normal operating

conditions and under single fault conditions.

The electric strength of the thermal link shall meet the requirements of 5.4.11.1 of
standard except across the disconnection (contact parts) and except between terminati
and connecting leads of the contacts, for which 10.3 of IEC 60691:2002 applies.

The thermal link when tested as a part of the equipment shall be:
— aged for 300 h at a temperature corresponding to the ambient temperature of

this
ons

the

thermal link when the equipment is operated under normal operating conditions at

an ambient temperature of 30 °C or higher if specified by the manufacturer, and

1+ subjected to such single fault conditions of the equipment that cause the thermal
to operate. During the test, no sustained arcing and no damage in the sense“of
standard shall occur, and

insulation resistance of at least 0,2 MQ, when measured with a voltage' equal to
times the voltage across the disconnection.

2 Compliance and test method

thermal link is tested as a separate component according to.G.3.1 a) above, complic

thermal link is tested as a part of the equipment according to G.3.1 b) above, complig
hecked by inspection and by the specified tests in the)given order. The test is carried

hermal link (for example, a transformer) should be replaced.

ailure is allowed.

link
this

+ capable of withstanding two times the voltage across the disconnection 'and have an

two

nce

necked according to the test specifications of IEC 60691, by.inspection and measurement.

nce
out

ding

PTG thermistors used as safeguards shall comply with Clauses 15, 17, J.15 and J.1} of

IEC

For
resi
enc

Compliancelis checked by inspection and where applicable by the tests of IEC 60730-1.

G.5 “‘Overcurrent protective devices

60730-1:1999 or shall provide IEC 60730-1 Type 2.A.L. action.

PTC thermistorsiwhose power dissipation exceeds 15 W for the rated zero-pd
stance at an ambient temperature of 25 °C determined as given in IEC 60738-1,
bpsulation oriubing shall be made of V-1 class material.

Overcurrent protective devices shall comply with their applicable IEC standards.

Compliance is checked by inspection.

G.6 Protective devices not mentioned in Clauses G.2 to G.5

G.6

A Other protective devices requirements

Such protective devices (for example, fusing resistors, fuse-links not standardized
IEC 60127 series or miniature circuit breakers) shall have adequate rating including breaking

cap

acity.

wer
the

in
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For non-resettable protective devices, such as fuse-links, a marking shall be located close to
the protective device, so that correct replacement is possible.

G.6.2 Compliance and test method

Compliance is checked by inspection and by performing single fault condition testing as
specified in Clause B.4.

The test is carried out three times.

No faitoresattowed:
G.7| Transformers

G.7[1 General
Trapsformers shall comply with one of the following:

— meet the requirements given in G.7.2 to G.7.3;
— iIn case of switch mode devices, meet the requirements of IEC(61204-7;

— meet the requirements of IEC 61558-1 and the relevant ‘parts of IEC 61558-2 with|the
ollowing additions and limitations:

b the limit values for ES1 of this standard apply (see-5.2.2.2),

b for working voltages above 1 000 V r.m.s.see 18.3 of IEC 61558-1:2005, the highest
of the test voltages according to Table 31,.Table 32 and Table 33 have to be applied,

b the overload test according to G.7.3.
NOTE 1 Examples of relevant parts of IEC 61558-2\are:
IEC 61558-2-1: Separating transformers;

IEC 61558-2-4: Isolating transformers;

IEC 61558-2-6: Safety isolating-transformers.

NOTE 2 Switch mode power supplies are addressed in IEC 61204-7.
G.7{2 Insulation
G.7{2.1 Requirements

Insylation in_ttansformers shall comply with the following requirements.

WindingS ;and conductive parts of transformers shall be treated as parts of the circuitp to
whi¢h<they are connected, if any. The insulation between them shall comply with the releyant
H af Clonucae I~ nd—onaca th lavian $ laptrio

Hamantc P=Y o—r a otroanat toctc aeccardinoa—t th
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application of the insulation in the equipment.

Precautions shall be taken to prevent the reduction below the required minimum values of
clearances and creepage distance that provide basic insulation, supplementary
insulation or reinforced insulation by

— displacement of windings, or their turns;
— displacement of internal wiring or wires for external connections;

— undue displacement of parts of windings or internal wiring, in the event of rupture of wires
adjacent to connections or loosening of the connections;

— bridging of insulation by wires, screws, washers and the like should they loosen or
become free.
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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.

Examples of acceptable forms of construction are the following (there are other acceptable
forms of construction):

If a
pas

windings isolated from each other by placing them on separate limbs of the core, with or

without spools;

windings on a single spool with a partition wall, where either the spool and partition

wall

hre pressed or moulded In one piece, or a pushed-on partition wall has an intermed
Eheath or covering over the joint between the spool and the partition wall;

concentric windings on a spool of insulating material without flanges, or on linsuls
hpplied in thin sheet form to the transformer core;

[nsulation is provided between windings consisting of sheet insulation extending bey
he end turns of each layer;

concentric windings, separated by an earthed conductive screen that consists of meta
bxtending the full width of the windings, with suitable insulation between each winding
he screen. The conductive screen and its lead-out wire have.a cross-section sufficie
ensure that on breakdown of the insulation an overload device’ will open the circuit b
he screen is destroyed. The overload device may be a pdrt-of the transformer.

transformer is fitted with an earthed screen for protecCtive purposes, the transformer §
5 the test of 5.6.6.4 between the earthed scréén and the earthing terminal of

transformer.

No

pro
con
con

G.7

blectric strength test applies to insulation*between any winding and the core or scr
ided that the core or screen is totally enclosed or encapsulated and there is no elect
hection to the core or screen. Howeverjthe tests between windings that have terminat
inue to apply.

2.2 Compliance criteria

Compliance is checked by inspection, measurement and where applicable by test.

G.7
G.7

3 Transformer overload tests

3.1 Test conditions

If the tests are“carried out under simulated conditions on the bench, these conditions 9

incl

Tra
ori

ide anyprotection device that would protect the transformer in the complete equipmen

sformers for switch mode power supply units are tested in the complete power supply

the complete equipment. Test loads are applied to the output of the power supply unit.

iate

tion

ond

foil
and
t to
ore

hall
the

ben,
rical
ons

hall

unit

A linear transformer or a ferro-resonant transformer has each winding isolated from the mains
loaded in turn, with any other winding isolated from the mains loaded between zero and its
specified maximum load to result in the maximum heating effect.

The output of a switch mode power supply is loaded to result in the maximum heating effect in
the transformer.

Where an overload condition cannot occur or is unlikely to cause a safeguard to fail, the
tests are not made.
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G.7.3.2 Compliance

Maximum temperatures of windings shall not exceed the values in Table G.2 when measured
as specified in B.1.7, and determined as specified below:

with external overcurrent protection: at the moment of operation, for determination of the
time until the overcurrent protection operates, reference may be made to a data sheet of
the overcurrent protection device showing the trip time versus the current characteristics;

with an automatic reset thermal cut-off: as shown in Table G.2 and after 400 h;

with a manual reset thermal cut-off: at the moment of operation;

— for current limiting transformers: after the temperature has stabilized.

If the temperature of the windings of a transformer with a ferrite core, measured ds| specified
in B.1.7, exceeds 180 °C, it shall be retested at maximum rated ambient\temperajture
(Tanho = Tma), @nd not as calculated according to B.2.6.3.

Windings isolated from the mains, that exceed the temperature limits but that become dpen
circliit or otherwise require replacement of the transformer, do not censtitute a failure of|this
test|provided that the transformer continues to comply with B.4.8.

Durlng the test the transformer shall not emit flames or molten(metal.

Table G.2 — Temperature limits for transformer windings and for motor windings
(except for the motor running.overload test)

Maximum temperature °C

Class Class Class Class Class Class Class Clags
105 120 130 155 180 200 220 25
Mpthod of protection (A) (E) (B) (F) (H) (N) (R) -
Profection by inherentor | 45, 165 175 200 225 245 265 29

extérnal impedance

Profection by protective
device that operates 200 215 225 250 275 295 315 34
dur|ng the first hour

Protection by any
protective device:

— |maximum after first

175 190 200 225 250 270 290 32
hour
— |arithmetic ayérage
during the _Jga=hour 150 165 175 200 225 245 265 29

and during the
72nd_hour *

Thg classes are related to the classification of electrical insulating materials and electrical insulating systems|in

accprdance with IEC 60085. The assigned letter designations are given in parentheses.

@ The arithmetic average temperature is determined as follows:

The graph of temperature against time (see Figure G.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 (¢a) is determined
by the formula:

1 = tmax *min_
ATT 2

where

fmax IS the average of the maxima,

tmin i the average of the minima.
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°c |

0 Time
Figure G.1 — Determination of arithmetic average temperature

G.7(3.3 Alternative test method

The|transformer is placed on a wooden board that is covered with a single layer of wrapping
tissue and the transformer in turn is covered with a single layer of cheesecloth until eithef:

— the overload protection device operates,
— the winding becomes an open circuit,

— [fhe load cannot be increased any further without reaching a short circuit or foldback
condition,

— V his reached.

During the test the transformer shall not emit flames or molten metal.

If the transformer voltage exceeds ES{,-the basic safeguard or reinforced safegyard
provided in the transformer shall withstand the electric strength test in 5.4.11.1 as applicable
after it has cooled to room temperature.

G.8| Motors

G.8)1 General requirements

Motprs other than d:¢-“motors, supplied from circuits isolated from the a.c. mains shall comply
withl the overload\tests of G.8.3 and G.8.4 and, where applicable, G.8.8, G.8.9 and G.8.10|

However, the following motors are exempt from the test of G.8.3:

— motors that are used for air-handling only and where the air-propelling component is
jirectly coupled to the motor shaft, and

— shaded pole motors whose values of locked-rotor current and no-load current do not differ
by more than 1 A and have a ratio of not more than 2/1.

DC motors supplied from circuits isolated from the a.c. mains shall comply with the tests of
G.8.5, G.8.6 and G.8.10. DC motors that by their intrinsic operation normally operate under
locked-rotor conditions, such as stepper motors, are not tested and d.c. motors that are used
for air-handling only and where the air propelling component is directly coupled to the motor
shaft are not required to pass the test of G.8.5.

G.8.2 Motor overload test conditions

Unless otherwise specified, during the test, the equipment is operated at rated voltage or at
the highest voltage of the rated voltage range.
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The tests are carried out either in the equipment or under simulated conditions on the bench.
Separate samples may be used for bench tests. Simulated conditions include:

— any protection device that would protect the motor in the complete equipment, and

— use of any mounting means that may serve as a heat sink to the motor frame.

Temperatures of windings are measured as specified in B.1.7. Where thermocouples are used
they are applied to the surface of the motor windings. Temperatures are measured at the end
of the test period where specified, otherwise when the temperature has stabilized, or at the
instant of operation of fuses, thermal cut-offs, motor protection devices and the like.

For| totally enclosed, impedance-protected motors, the temperatures are measured| by
thenmocouples applied to the motor case.

Whén motors without inherent thermal protection are tested under simulated conditions on the
benth, the measured winding temperature is adjusted to take into accotint the amBbient
temperature in which the motor is normally located within the equipment.

G.8J3 Running overload test

A rlinning overload test is carried out by operating the mofep under normal operafing
conditions. The load is then increased so that the current is,increased in appropriate graflual
stefs, the motor supply voltage being maintained at its original value. When steady conditjons
are |established, the load is again increased. The load~js thus progressively increasefl in
applopriate steps but without reaching locked-rotor condition (see G.8.4), until the overload
profection device operates.

The|lmotor winding temperatures are measured.during each steady period.

G.8/4 Locked-rotor overload test

A locked-rotor test is carried out starting at room temperature.

Thel|duration of the test is as follows:

— B motor protected by (inherent or external impedance is operated on locked-rotol for
15 days except that testing is discontinued when the windings of the motor reagh a
constant temperatdre,

— | motor with an_automatic reset protection device is cycled on locked-rotor for 18 days

— B motor withva manual reset protection device is cycled on locked-rotor for 60 cycles)| the
brotectionydevice being reset after each operation as soon as possible for it to remain
closed;~but after not less than 30 s;

— RpJwotor with a non-resettable protection device is operated until the device operates.

Temperatures are recorded at regular intervals during the first three days for a motor with
inherent or external impedance protection or with an automatic reset protection device, or
during the first 10 cycles for a motor with a manual reset protection device, or at the time of
operation of a non-resettable protection device.

During the test, protection devices shall operate reliably without permanent damage to the
motor including:

— 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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— deterioration of the insulation.

Discoloration of the insulation may occur, 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
acceptable.

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 only for the purpose of demonstrating the capability of the device to make
and break locked-rotor current for an extended period of time.

G.8.5 Running overload test for d.c. motors

G.8]5.1 Requirement

The|test of G.8.5.2 is carried out only if a possibility of an overload occurring is determinefl by
inspection or by review of the design. For example, the test need not be cantied out where
eledtronic drive circuits maintain a substantially constant drive current.

Motprs shall be tested in accordance with G.8.5.2.

If difficulty is experienced in obtaining accurate temperature measurements, due to the small
sizeg or unconventional design of the motor, the method of G.8.5.3-Ccan be used instead.

G.8]5.2 Test method

The| motor is operated under normal operating conditions. The load is then increased so
that| the current is increased in appropriate gradual/steps, the motor supply voltage bging
maintained at its original value. When steady conditions are established, the load is again
increased. The load is thus progressively in¢reased in appropriate steps until either|the
ovefload protection device operates, the winding becomes an open circuit or the load capnot
be ihcreased any further without reaching alocked rotor condition.

The|motor winding temperatures are.measured during each steady period.

G.8]5.3 Alternative test method

The|motor is placed on a wooden board that is covered with a single layer of wrapping tigsue
and|the motor in turn is«covered with a single layer of cheesecloth until either:

— the overload protection device operates,
— fhe windingsbecomes an open circuit,
— [he load _cannot be increased any further without reaching a locked rotor condition,

— V his reached.

cheesecloth.

G.8.5.4 Electric strength test
Following the test of G.8.5.2 or G.8.5.3, as applicable, if the motor voltage exceeds ES1, the
basic safeguard or reinforced safeguard provided in the motor shall withstand the electric

strength test in 5.4.11.1 after it has cooled to room temperature, but with test voltages
reduced to 0,6 times the specified values.

G.8.6 Locked-rotor overload test for d.c. motors
G.8.6.1 Requirement

Motors shall pass the test in G.8.6.2.
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Where difficulty is experienced in obtaining accurate temperature measurements because of
the small size or unconventional design of the motor, the method G.8.6.3 can be used instead
followed by the electric strength test of G.8.7.1.

G.8.6.2

Test method

The motor is operated at the voltage used in its application and with its rotor locked for 7 h or
until steady conditions are established, whichever is longer.

G.8.6.3

The

The
7h

The

G.8

Alternative test method

or until steady conditions are established, whichever is the longer.
re shall be no ignition of the wrapping tissue or cheesecloth.

7 Compliance

motor is then operated at the voltage used in its application and with its roter locke(

motor is placed on a wooden board that is covered with a single layer of wrap;lamg
tissiue, and the motor in turn covered with a single layer of cheesecloth.

for

G.8]7.1 Electric strength test
Follbwing the test of G.8.6.2 or G.8.6.3, as applicable, if the motor voltage exceeds ES1, |and
aftel it has cooled to room temperature, the motor shall withstand the electric strength test in
5.4.|111.1 but with test voltages reduced to 0,6 times thespecified values.
G.8]7.2 Maximum temperatures
For|the tests according to G.8.4 and G.8.6.2-the temperature limits as specified in Table|G.2
shall not be exceeded.
For|the tests according to G.8.3 and~G.8.5.2, the temperature limits as specified in Table|G.3
shall not be exceeded for each class of insulating material.
Table G.3 (= Femperature limits for running overload tests
Maximum temperature
°C
Class 105 Class 120 | Class 130 | Class 155 Class 180 Class 200 Class 220 | Class 250
(A) (E) (B) (F) (H) (N) (R) -
140 155 165 190 215 235 255 275

The classes are related to the classification of electrical insulating materials and electrical insulating systems
adcordance with IEC 60085. The assigned letter designations are given in parentheses.

n

G.8.8

Compliance and test method 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-circuit test is not made if the capacitor is so designed that, upon failure, it will not
remain short-circuited.

Temperatures during and after the test shall not exceed the values specified in Table G.2.

NOTE Locked-rotor is specified because some motors may not start and variable results could be obtained.
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G.8.9 Compliance and test method for three-phase motors

Three-phase motors are tested under normal operating conditions, with one phase
disconnected, unless circuit controls prevent the application of voltage to the motor when one
or more supply phases are missing.

The effect of other loads and circuits within the equipment may necessitate that the motor be
tested within the equipment and with the three supply phases disconnected one at a time.

Temperatures during and after the test shall not exceed the values specified in Table G.2.

G.8]10 Compliance and test method for series motors

Serles motors are operated at a voltage equal to 1,3 times the voltage rating of the moto
1 min with the lowest possible load.

After the test, windings and connections shall not have worked loose and all applic
safeguards shall remain effective.

G.9) Mains supply cords

G.9/1 General

Except as specified in 5.6.7.2, a mains supply cord shall-be of the sheathed type and cor
with| the following as appropriate:

if rubber sheathed, be of synthetic rubber :and not lighter than ordinary tough rub
sheathed flexible cord according to IEC 60245-1 (designation 60245 IEC 53);

If PVC sheathed:

p for equipment provided with a non=detachable power supply cord and having a n
not exceeding 3 kg, be not lighter than light PVC sheathed flexible cord accordin
IEC 60227-1 (designation 60227 IEC 52);

p for equipment provided with a non-detachable power supply cord and having a n
exceeding 3 kg, be noetlighter than ordinary PVC sheathed flexible cord accordin
IEC 60227-1 (designation 60227 IEC 53);

p for equipment_provided with a detachable power supply cord, be not lighter than
PVC sheathed. flexible cord according to IEC 60227-1 (designation 60227 IEC 52);

=

OTE There is.no’limit on the mass of the equipment if the equipment is intended for use with a detach
ppwer supply.cord.

conductor having green-and-yellow insulation;

pther types of cords can be used if they have similar electro-mechanical properties

- for

able

ply

ber-

ass

g to

ass
g to

ight

able

» include, for equipment required to have protective earthing, a protective earthing

as

above.

Mains supply cords shall have conductors with cross-sectional areas not less than those
specified in Table G.4 (see also 5.6.7).
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Table G.4 - Sizes of conductors in mains supply cords

Rated current of the equipment® |Nominal cross-sectional area AWG
[cross-sectional area in mm?]
up to and including mm? see NOTE 2

3 0,50 ° 20 [0,5]
6 0,75 18 [0,8]
10 1,00 (0,75) ° 16 [1,3]
16 1,5(1,0) ¢ 14 [2]
25 2,50 12 [3]
32 4,00 10 [5]
40 6,00 8 [8]
63 10,00 6 [13]
80 16,00 4 [24]
100 25,00 2, [33]
125 35,00 1 [42]
160 50,00 0 [53]

NOTE 1 IEC 60320-1 specifies acceptable combinations of appliance, couplers and flexible cords,
including those covered by conditions ®, ® and °. However, a number &f ¢ountries have indicated that they
do not accept all of the values listed in this table, particularly those: covered by conditions °, © and °.

NOTE 2 AWG sizes are provided for information only. The assogiated cross-sectional areas, in square
brackets, have been rounded to show significant figures only{ AWG refers to the American Wire Gage.
This term is commonly used to designate wire sizes in North\America.

@ The rated current includes currents that can be drawn from a socket-outlet providing mains power for
other equipment.
®  This nominal cross-sectional area is allowed only for class Il equipment and provided that the length

of the supply cord, measured between the ‘point where the cord, or the cord guard, enters the
equipment, and the entry to the plug, does\not exceed 2 m.

° The value in parentheses applies to'detachable power supply cords fitted with the connectors rated
10 A in accordance with IEC 60320-44(types C13, C15, C15A and C17), provided that the length of the
cord does not exceed 2 m.

4 The value in parentheses applies to detachable power supply cords fitted with the connectors rated
16 A in accordance with IEC-60320-1 (types C19, C21 and C23), provided that the length of the cord
does not exceed 2 m.

ipment intended(to be used by musicians on the stage (for example, musical instrum
amplifiers) shall’have:

hn appliance inlet according to IEC 60320-1 for connection to the mains by detach
cord sets;/or

h means of stowage to protect the mains cord when not in use (for exampl
Compartment, hooks or pegs).

bnts

hble

T

a

G.9.2 Compliance and test method

Compliance is checked by inspection.

In addition, screened cords shall comply with IEC 60227-7.

during the flexing test, the screen does not make contact with any conductor, and

The appropriate cord shall be used. For screened cords damage to the screen is acceptable
provided that:

after the flexing test, the sample withstands the electric strength test between the screen

and all other conductors.
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G.9.
G.9.

3 Cord anchorages and strain relief for non-detachable power supply cords

3.1 General

This subclause specifies safeguards against strain being transmitted to the equipment
terminations of the conductors of cords or interconnecting cables connected to ES2, ES3,
PS3, or mains circuits.

G.9.
G.9.

3.2 Cord strain relief

3.21 Requirements

A ki

A g
med

ot shall not be used as a strain relief mechanism.

crew that bears directly on the cord or cable shall not be used as acstrain r
hanism.

When a linear force and a torque is applied to a non-detachable power supply cor

cab

e, a basic safeguard shall prevent strain from being transmitted-to the cord or ¢

terminations. Furthermore, the strain relief shall prevent the ceord or cable from b

lond
be

The
the

A to
app

itudinally displaced by more than 2 mm. Clearances and créepage distances shall

elief

i or
Able
Ping
not

reduced below the values specified in 5.4.2 (clearances), and 5.4.3 (creepage
distances).

linear force applied to the cord or cable is specified(in Table G.5. The force is applig
most unfavourable direction for 1 s and repeated, 25.times.

Table G.5- Strain relief test force

Mass of the equipment Force
kg N
Up to and.including 1 30
Over 1,up)to and including 4 60
Over 4 100

rque of 0,25 Nm is applied for 1 min to the cord or cable immediately after the linear f
ication. The torquenis applied as close as practicable to the strain relief mechanism ar

repegated in the opposite direction.

Con
con

G.9

ipliance _is—determined by applying the linear force and torque and inspecting
Huctor slack during the test.

3.2.2 Strain relief mechanism failure

brce
dis

the

If the basic safeguard (strain relief mechanism) should fail and strain is transmitted to the
non-detachable power supply cord or cable terminations, a supplementary safeguard
shall ensure that the earth termination is the last to take the strain.

Compliance is determined by inspection and, if necessary, by defeating the basic safeguard

and

G.9.

inspecting the conductor slack while applying the force in Table G.5.

3.23 Cord sheath or jacket position

The cord or cable sheath or jacket shall extend from the basic safeguard (strain relief
mechanism) into the equipment at least one-half the diameter of the cord or cable.

Compliance is checked by inspection.
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G.9.3.2.4 Strain relief comprised of polymeric material
If the basic safeguard (strain relief mechanism) is comprised of polymeric material, the basic

safeguard shall retain its structural properties following the mould stress relief according to
Clause T.8.

Compliance is determined according to the force and torque tests of G.9.3.2 after the basic
safeguard has come to room temperature.

G.9.4 Cord entry

Thig subclause specifies safeguards against electric shock and electrically-caused fire from
cords or cables connected to ES3, PS3, or mains circuits.

The|entry of a cord or cable into the equipment shall be provided with the safeguards agdinst
eledtric shock as specified in Clause 5. If the cord jacket passes the electrie_strength test of

5.4.[11.1 for supplementary insulation, the cord jacket may be considered@ supplementary
safeguard.

The|cord or cable entry shall be provided with a supplementary safeguard so as:

— {o prevent abrasion of the cord or cable surface which might lead to electrically-caysed
ire; and

— {o prevent the cord or cable from being pushed into the equipment and touching parts or
surfaces which might electrically or physically~damage the cord or cable jackef or
[nsulation that, in turn, might lead to electric shogk/or electrically-caused fire.

Compliance is determined following the tests of\G.9.3 by an electric strength test betweer] the
cord or cable conductors and accessible ©onductive parts. The test voltage shall bg as
required for the applied safeguards in accordance with 5.4.11.1.

G.9/5 Non-detachable cord bend protection
G.9]5.1 Requirements

The|non-detachable power supply cord of hand-held equipment or equipment intended to
be moved while in operation shall be provided with a safeguard against jacket, insulation, or
conguctor damage due:to bending at the equipment entrance.

Altefnatively, the\inlet or bushing shall be provided with a smoothly rounded bell-mouthed
opehing having“a radius of curvature equal to at least 1,5 times the overall diameter of| the
cord with the“largest cross-sectional area to be connected.

The|cord-bending safeguard shall:

— be so designed as to protect the cord against excessive bending where it enters the
equipment;

be of insulating material;

be fixed in a reliable manner; and

project 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-sectional
dimension of the cord.

G.9.5.2 Compliance and test method

The equipment is so placed that the axis of the cord bending safeguard, where the cord
emerges, projects at an angle of 45° when the cord is free from stress. A mass equal to
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10 x D2 g is then attached to the free end of the cord, where D is the overall diameter or, for
flat cords, the minor overall dimension of the cord, in millimetres.

If the cord guard 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 after the mass has been attached, the radius of curvature of the cord shall
nowhere be less than 1,5 D.

Con
G.9

G.9

If t
con

pliance is checked by inspection, by measurement and, where necessary, by the teg
5.2 with the cord as delivered with the equipment.

6 Cord replacement

ne equipment enclosure is not sealed, non-detachable power supply cords
bidered replaceable by an instructed person or by a skilled person.

To flacilitate replacement, the design of cord terminations shall permityeasy disconnection

recd
cord

nnection without damaging the replacement cord or the equipment terminals. Specific
terminations shall not be soldered to a printed wiring board.

Furfhermore, for ordinary replacement cords, the strainrelief mechanism shall be rea

rem

Con

G.9
G.9

The
con
des

pvable and re-installable.
ipliance is checked by inspection.

7 Supply wiring space
71 General requirements

supply wiring space provided—inside, or as part of, the equipment for perma
nection or for connection of *an ordinary non-detachable power supply cord shal
gned:

o allow the conductors te be introduced and connected easily; and

50 that the uninsulated end of a conductor is unlikely to become free from its terminal
hould it do so,.cannot come into contact with:

b an accessible conductive part that is not protectively earthed; or

b an accessible conductive part of hand-held equipment; and

connected and positioned; and

H A

bt of

are

and
ally,

dily

hent
be

or,

o permit checking before fitting the cover, if any, that the conductors are corrgctly
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their insulation; and

available tool.

or

so that covers, if any, giving access to the terminals can be removed with a commonly

Compliance is checked by inspection and by an installation test with cords of the largest
cross-sectional area of the appropriate range specified in Table G.4.
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7.2 Stranded wire

.7.21 Requirements

The end of a stranded conductor shall not be consolidated by soft soldering at places where
the conductor is subject 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 considered to satisfy this requirement.

Pre

Terminals shall be located, guarded or insulated so that, should a strand of_a\fle

con

between such a strand and:

G.9

Compliance is checked by inspection and, unless a special €ord is prepared in such a wa
to prevent the escape of strands, by the following test.

Ap

having the appropriate nominal cross-sectional area. One wire of the stranded conductq

left

tearjng the insulation back, the free wire is ‘bent in every possible direction, but wit
makKing sharp bends around the guard.

If the conductor is an ES3 source, thélfree wire shall not touch any conductive part whig
accpssible or is connected to an~accessible conductive part or, in the case of do
insdlated equipment, any conductive part which is separated from accessible conduq
partls by supplementary insulation only.

If the conductor is connected to an earthing terminal, the free wire shall not touch any

sou

G.1

G.1

Thig subclause specifies how to provide safeguards against electric shock and against

cau

ina tt , : N idered ta be ad

juctor escape when the conductor is fitted, there is no likelihood of accidental con

accessible conductive parts; or

inearthed conductive parts separated from accessible conductive parts
supplementary insulation only.

7.2.2 Compliance and test method

ece of insulation approximately 8 mm long is remoyed from the end of a flexible condu

free and the other wires are fully inserted\into, and clamped in the terminal. Wit

[Ce.

0 Metal Oxide Varistors

D.1 General

| W Va\Wi

ible
tact

by

as

ctor
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hout
hout
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An MOV connected between mains and earth shall comply with the basic safeguard of
G.10.2. In addition, for fire and shock hazard, the MOV shall comply with the supplementary
safeguards of G.10.3 and with the reliable earthing requirements of 5.6.8.2.

An MOV connected across the mains shall comply with the basic safeguard of G.10.2 and
supplementary safeguards of G.10.3.

NOTE 1 An MOV is sometimes referred to as a VDR.

NOTE 2 Such connections described above make the MOV a PIS.
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G.10.2 Basic safeguard

This subclause specifies requirements for a MOV that serves as a basic safeguard against
fire or electric shock.

Component properties:

An MOV shall comply with IEC 61051-2, taking into account all of the following:

a) Preferred climatic categories (2.1.1 of IEC 61051-2:1991):

F—towercategory temperaturer = 0—C

+ upper category temperature: + 85 °C

+ duration of damp heat, steady state test: 21 days.

b) Maximum continuous voltage (2.1.2 of IEC 61051-2:1991):

1+ atleast 1,25 times the rated voltage of the equipment or

1+ atleast 1,25 times the upper voltage of the rated voltage range.
c) Pulse current (Table | group 1 of IEC 61051-2:1991).

For the test, a combination pulse 6 kV/3 kA is used, having,la shape of 1,2/50 ug for
oltage and 8/20 us for current.

n addition to the performance requirements of Table | 'group 1 of IEC 61051-2:1991 | the
MOV voltage after the test shall not have changed by more than 10 % when measyred
vith the manufacturer's specified current.

The|body of surge suppression MOVs shall be made of V-0 class material.

G.190.3 Supplementary safeguards
G.10.3.1  General

Thig subclause specifies supplementary safeguards to be provided against fire resulting
fromp both sudden and gradual failure of an MOV connected directly across the maing or
between mains and protective earth (see 5.6.8.2).

G.10.3.2 Sudden failure
Onqg of the following safeguards shall be provided:

a) The use of a restricted area for an arcing PIS circuit as specified in 6.4.7.
b) The use,ofa protective device:

+ 10A*maximum rated fuse of adequate breaking capacity, or equivalent, is connectdd in
series with the MOV; or

limited short-circuit test, with the MO\’/ shorted out. The product shall be tested in
accordance with 9.3.1 of IEC 60127-1:2006, Method A, for breaking capacity of
1 500 A. The test shall not result in the failure of safeguards against fire or shock.

c) The use of a fire enclosure meeting the requirements of 6.4.8. If the MOV is separated
from the fire enclosure by a distance of less than 13 mm, the requirements for smaller
separation distances in 6.4.8.3 shall apply.

G.10.3.3 Gradual failure

The safeguard is that requirements for a PS3 circuit shall be complied with, including one of
the following:

a) 6.4.3, prevent ignition; or
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b) 6.4.6, control of fire spread.

For fault tests as required in a) above, failure is simulated by the following test method.

If the voltage rating of the MOV is such that it will conduct at twice the maximum rated
voltage of the equipment, (2 x V,) or lower, the equipment and a test resistor Rx connected in
series with the mains supply to the equipment is energized from an a.c. source of 2 x V..
Components in parallel with the MOV that may be affected by this test shall be disconnected.

The test shall be performed with R1=2 x V,/0,125.

If tRe circuit does not open, the test shall be continued for 4 h, then repeated withlqwer
valdes of Rx in turn, until the circuit opens:

R2#2xV,/0,5,
R3£2xV,/25,

R4£2xV,/5

R5%2xV,/10,

R6 ¥ half the previous value, etc.

The|test shall not result in fire or shock within the sense of this standard.

NOTE 1 For temporary overvoltages from the mains, see IEC 60664-4-

NOTE 2 A gas discharge tube may be used in series with the/MOV.

G.11 Wound components

G.11.1  Wire insulation in wound conmiponents
G.11.1.1  General

The| following requirements apply to winding wire including lead-out wires whose insuldtion
proyides basic insulation,;supplementary insulation or reinforced insulation.

NOTE 1 For insulation provided in addition to insulation on winding wire, see G.11.2.

Solyent-based enamel is not considered to provide supplementary insulation or reinforjced
insuwlation, underany circumstances.

Solyent-based enamel is only accepted as basic insulation if used for winding insulation as
des¢ribed)in G.11.1.2.

If the peak working voltage does not exceed ES2, there is no dimensional or constructional
requirement.

If the peak working voltage exceeds ES2, one of the following, a), b), or c) applies:

a) There is no dimensional or constructional requirement for basic insulation that is not
under mechanical stress (for example, from winding tension). For basic insulation that is
under such mechanical stress, b) or c) applies.

NOTE 2 The exception in a) does not apply to supplementary insulation or reinforced insulation.

b) For basic insulation, supplementary insulation or reinforced insulation, the insulation
on the wire shall either:

— have a thickness of at least 0,4 mm provided by a single layer; or
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— comply with 5.4.4.6 and with Annex J.

c¢) The winding wire shall comply with Annex J. The minimum number of overlapping layers of
spirally wrapped tape or extruded layers of insulation shall be as follows:

— for basic insulation: one layer;
— for supplementary insulation: two layers;
— for reinforced insulation: three layers.

For insulation between two adjacent winding wires, one layer on each conductor is considered
to provide supplementary insulation.

Spijally wrapped tape wound with not more than 50 % overlap is considered to constitute’'lone
laydr. Spirally wrapped tape wound with more than 50 % overlap is considered to-const|tute
twollayers.

Spinally wrapped tape shall be sealed and pass the tests of 5.4.4.5 a), b) or ¢):

NOTE 3 For wires insulated by an extrusion process, sealing is inherent to the process.

The| winding wire shall pass a routine test for electric strengthotest, using the test as
spegified in Clause J.3.

G.11.1.2 Solvent-based enamel winding insulation

So
met

ent-based enamel is considered basic insulation,where all the following conditions|are

— the basic insulation provided in a wound-scomponent between an external circuit or
[nternal circuit operating at ES2 and ES1;

— {he insulation over all conductors comprises enamel complying with the requirements |of a
jrade 2 winding wire of IEC 60317 series of standards with the routine test conducted at
he highest voltage of Table 31 and“Table 32;

— the finished component is subjected to a type test for electric strength (between wind|ngs
hnd between windings andthe core, see G.7.2.1), in accordance with 5.4.11.1;

— the finished component’is subjected to routine tests for electric strength (between
vindings and between windings and the core, see G.7.2.1), in accordance with 5.4.11.].

Except as given in.4.3.2.3, the core of the above wound component shall not be accesslible
to ah ordinary person.

G.1]1.1.3 _>Protection against mechanical stress in wound components

Wheréstwo winding wires, or one winding wire and another wire, are in contact inside| the
" o PpoRehHt O ‘: eat—othe < 2 ttO
winding tension, one of the following applies:

— protection against mechanical stress shall be provided. For example, this protection can
be achieved by providing physical separation in the form of insulating sleeving or sheet
material, or by using double the required number of insulation layers on the winding wire;
or

— the wound component passes the endurance tests of G.11.3.

Additionally, basic insulation, supplementary insulation or reinforced insulation in
finished wound components shall pass routine test for electric strength in accordance with

54.11.1.
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G.11.1.4 Compliance and test method

Compliance is checked by 5.4.4.1 and, where required, by G.11.3. If the tests of Annex J are
required, they are not repeated if the material data sheets confirm compliance.

G.11.2 Additional insulation in wound components
G.11.2.1 General requirements

The following requirements apply to insulation in a wound component, provided in addition to
the insulation on winding wire or other wire. For example, this includes:

— Insulation between windings; and

— Insulation between a winding wire or other wire and any other conductive part in|the
vound component.

If the peak working voltage does not exceed ES2, there is no dimensional ©r constructipnal
requirement.

If the peak working voltage exceeds ES2,

— for basic insulation there is no dimensional or constructional‘requirement;
— supplementary insulation or reinforced insulation shalleither:
b have a thickness of at least 0,4 mm, provided by arsingle layer; or

b comply with 5.4.4.6.
G.11.2.2 Compliance and test method

Compliance is checked by inspection and measurement.

G.11.3 Endurance test on wound components
G.11.3.1  General test requirements

Where required by G.11.1.3,.thrée samples of the wound component are subjected to 10|test
cycles with each test cycle ;consisting of a heat run (see G.11.3.3), a vibration test (see
G.1[1.3.4) and a humidity conditioning (see 5.4.10).

After the heat run'(see G.11.3.3), the samples are allowed to cool down to ambient
temperature.

The|samples are then subjected to a vibration test of G.11.3.4.

The|samples are then subjected for two days to the humidity conditioning of 5.4.10.

The tests described below are made before the start of the 10 cycles and after each cycle.

The electric strength test of 5.4.11.1 is carried out.

After the electric strength test, the test of G.11.3.5 is made on wound components that are
supplied from the mains, except for switching mode power supply.

G.11.3.2 Compliance

If, after the completion of all 10 cycles, one or more samples have failed, the wound
component is considered not to comply with the endurance test.
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For wound components supplied from the mains, there shall be no breakdown of the
insulation between the turns of a winding, between input and output windings, between
adjacent input windings and between adjacent output windings, or between the windings and
any conductive core.

G.11.3.3 Heat run test

Depending on the type thermal classification of the insulation, the specimens are kept in a
heating cabinet for a combination of time and temperature as specified in Table G.6. The
10 cycles are carried out with the same combination.

The|temperature in the heating cabinet shall be maintained within a tolerance of +5 °C.

Table G.6 — Test temperature and testing time (days) per cycle

Class 105|Class 120 |Class 130 |Class 155|Class 180 | Class 200 | Class 220 | Clasjs 250
(A) (E) (B) (F) (H) (N) (R) -

Ther[nal classification

T(Jst temperature

Testing time duration for the test of-G¢11.3.2
°C

290 4 days

280 7 days

270 14 Hays

260 4 days

250 7 days

240 4 days 14 days

230 7 days

220 4 days 14 days

210 7 days

200 14 days

190 4 days

180 7 days

170 14 days

160 4 days

150 4 days 7 days

140 7 days

130 4 days

120 7 days

The ¢lasses’/are related to the classification of electrical insulating materials and electrical insulating systefns in
accondance with IEC 60085. The assigned letter designations are given in parentheses.

The manufacturer shall specify the test duration or the test temperature.

G.11.3.4 Vibration test

Specimens are tested according to G.21.3.4.

G.11.3.5 Wound components supplied from the mains

One input circuit is connected to a voltage equal to a test voltage of at least 1,2 times the
rated voltage, at double the rated frequency for 5 min. No load is connected to the
transformer. During the test, multiple wire windings, if any, are connected in series.
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A higher test frequency may be used; the duration of the period of connection, in minutes,
then being equal to 10 times the rated frequency divided by the test frequency, but not less
than 2 min.

The test voltage is initially set at rated voltage and gradually increased up to 1,2 times the
initial value, and then maintained for the time specified. If during the test there is a non-linear
change of current in an uncontrollable manner, it is regarded as breakdown between winding
turns.

G.12_Circuits generating starting pulses

G.12.1 Insulation in circuits generating starting pulses

For [a circuit generating starting pulses to ignite a discharge lamp, and if the circtit is an ES1,
the [requirements for functional insulation apply between the circuit and other condugtive
parts.

If the circuit is not ES1, the requirements for basic insulation, supplementary insulation
and| reinforced insulation apply to creepage distances and distances through insulafion.
For|clearances, see G.12.2.

NOTE For working voltages in the above cases, see 5.4.1.9.1, i).
G.12.2 Clearances in circuits generating starting pulses

For [a circuit generating starting pulses to ignite a diseharge lamp, and if the circuit is not ES1,
the plearances are determined by one of the following methods:
a) Petermine the minimum clearance in accordance with 5.4.2.7; or

b) Conduct electric strength tests, using*one of the following procedures. During the tgsts,
he lamp terminals are shorted together:

+ test in accordance with 5.4.111, or

+ apply 30 pulses having-amplitude equal to the highest of the required test voltagds in
Table 31, Table 32 and-Table 33 from an external pulse generator. The pulse width
shall be equal to or greater than that of the internally generated starting pulse.

NOT

For working voltages see 5.4.1.9.1, i).
G.13 IC current limiters

IC durrent-limiters used for current limiting in power sources to become PS1 or PS2 are| not
shofted from input to output if all of the following conditions are met:

input and output pinsfo th
ES1 circuits;

e applicable working voltage, except for IC current limiters in

— the IC current limiters limit the current to manufacturer’s defined value (not to be more
than 5 A) under normal operating conditions with any specified drift taken into account;

— the IC current limiters are entirely electronic and have no means of manual operation or
reset; are supplied by a source whose output does not exceed 250 VA and the output
current is limited to 5 A or less;

— the IC current limiters limit the current or voltage to manufacturer’s defined drift after each
of the following conditioning tests:

NOTE The power source for the tests should be capable of delivering 250 VA minimum unless the IC current
limiter is tested in the end product.

e Clause H.17.1.4.2 of IEC 60730-1:1999;
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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 an iron-core inductor having 352 mH
inductance at 1 kHz and 11 Q d.c. resistance connected in the output circuit;

10 000 cycles of turning enable on and off while input connected to a capacitor rated
425 uF and shorting the output;

10 000 cycles of turning input pin on and off while a capacitor rated 425 uF to the input
supply keeping enable active and shorting the output;

10 000 cycles of turning input pin on and off with an iron-core inductor having 352 mH

inductance at 1 kHz and 11 Q d.c. resistance connected to the input supply keeping
enable active and shorting the output;

50 cycles with enable pin held active and applying short to output with power on|and
off;

50 cycles with enable pin held active and output loaded to maximum_power with pqwer
on and off;

50 cycles with enable pin held active and applying power,‘apply short to oufput;
remove power, apply power, remove short, remove power;

3 cycles of exposing the device (not energised) to 70 °C 'for 24 h; followed by at Igast
1 h at room ambient; followed by at least 3 h at -30_fC; followed by 3 h at rpom
ambient;

10 cycles of exposing the device (while energised) to 49 °C for 10 min; followed by
10 min at 0 °C with a 5 min period of transition~from one state to the other.

After each of the tests above, the device shall“imit the current in accordance with its

spegification as applicable (an open circuit is considered an acceptable result).

G.14 Test for resistors serving as safeguard

G.14.1

This

General

subclause specifies test. requirements for resistors bridging insulation to ensure that they
do not significantly changesnwalue over a long period of time.

When required by 5.552.7 or 5.5.3.6, ten samples are tested for the resistor test of G.14.p. A

sample is a single resistor if used alone, or a group of resistors in series.

G.14.2

Before the-test, the resistance of each sample is measured.

The)

Resistor test

Samples are subjected to the damp heat test according to IEC 60068-2-78, with|the

following details:

a) temperature: 40 °C +2°C;
b) humidity: 93 % + 3 % relative humidity;
c) test duration: 21 days;

d) each sample is then subjected to 10 impulses of alternating polarity, using the impulse test
generator circuit 2 of Table D.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 allowed.
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The lowest resistance value of the ten samples tested is used to measure the current when
determining compliance with Table 4.

NOTE |If a resistor or a group of resistors is connected between a circuit supplied by the mains and coaxial cable,
G.14.3 applies.

G.14.3 Test for resistors serving as safeguards between the mains and an external
circuit consisting of a coaxial cable

G.14.3.1 General

This—subelause-spes ifios-te s-forresistors-bridging s
and| an external circuit consisting of a coaxial cable and ensures that they do)| not
significantly change in value over a long period of time.

When required by 5.5.4, ten samples of resistors (a sample is a single resistor if‘used alone
or g group of resistors in series) are subjected to the conditioning of G.14.2 and the test in
detqil d) of G.14.2 is replaced by the following test of G.14.3.2 or G.14.3.3 @sapplicable.

G.14.3.2 Voltage surge test
Each sample is then subjected to 50 discharges from the impulse‘test generator circuit |3 of

Tabfe D.1, at not more than 12 discharges per minute, with U, equal to 10 kV if the sample
resistor is connected to coaxial cable connected to antenna.(see Table 16).

G.14.3.3 Impulse test
Each sample is subjected to 10 pulses from the impulse test generator circuit 1 of Table D.1,

with U, equal to 4 kV or 5 kV of alternating polarity with a minimum of 60 s interval between
puldes as applicable (see Table 16).

G.14.3.4 Compliance

After the tests of G.14.3.2 or G.14.3:3, the resistance of each sample shall not have charjged
by more than 20 %. No failure is allowed.

G.15 Capacitors and RC/units serving as safeguards bridging insulation

G.15.1 General
Thig subclause_specifies conditioning requirements when testing capacitors and RC units or

disgrete components serving as safeguards and provides selection criteria for capacitors|and
RC pnits that comply with IEC 60384-14.

G.15.2/, Conditioning of capacitors and RC units

When required by 5.5.2.2 or 5.5.3.2, the following conditioning is applied when evaluating a
capacitor or an RC unit to the requirements of IEC 60384-14.

The duration of the damp heat, steady-state test as specified in 4.12 of IEC 60384-14:2005,
shall be 21 days at a temperature of 40 °C + 2°C and a relative humidity of 93 % + 3 %.

Capacitors subjected to a duration that is longer than 21 days during the above test are
considered acceptable.

G.15.3 Rules for selecting capacitors

The appropriate capacitor subclass shall be selected from those listed in Table G.7, according
to the rules of application in the table.
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Table G.7 — Capacitor ratings according to IEC 60384-14

Rated voltage of the Typelttest |nf|[tJrL‘|Ise t T){pe :fﬂ rn;tsh

Capacitor subclass according capacitor voltage of the est voltage of the

to IEC 60384-14 capacitor capacitor
vrm.s. kV peak kV r.m.s.
Y1 Up to and including 500 8 4
Over 150 up to and
Y2 including 300 5 1.5
Y4 Up to and including 150 2,5 0,9
X1 Up to and including 760 4@ -
X2 Up to and including 760 2,5° -

Rules for the application of this table.

1 | The voltage rating of the capacitor shall be at least equal to the r.m.s. working voltage across the
insulation being bridged, determined according to 5.4.1.9.2.

2 | For a single capacitor (X type) serving as functional insulation, failure of the capagitor'shall not result |n
the failure of a safeguard and the type test impulse voltage shall be at least equal to the required
withstand voltage.

3 | For a single capacitor serving as a basic safeguard or supplementary safeguard, the rated peak
impulse test voltage of the capacitor shall be at least equal to the requiredywithstand voltage.

4 | For a single capacitor serving as a double safeguard or reinforced/safeguard, the rated peak impulse
test voltage of the capacitor shall be at least equal to twice the required withstand voltage.

5 | For a single capacitor serving as a basic safeguard, supplementary safeguard or reinforced safeguayd
the peak a.c. value of the r.m.s. test voltage shall not be smaller than the highest of the test voltages in
Table 31, Table 32 and Table 33.

6 | A higher grade capacitor than the one specified may be used, as follows:

— subclass Y1 if subclass Y2 is specified;

— subclass Y1 or Y2 if subclass Y4 is specifi€d;

— subclass Y1 or Y2 if subclass X1 is spegified;

— subclass X1, Y1 or Y2 if subclass X2.is specified.

7 | Two or more capacitors may be usediin series in place of the single capacitor specified, as follows:
— subclass Y1 or Y2 if subclassiY1 is specified;

— subclass Y2 or Y4 if subclass Y2 is specified;
— subclass X1 or X24if subclass X1 is specified.

8 | If two or more capaeiters are used in series they shall comply with 5.5.2.2 and 5.5.3.2 as applicable and
comply with the other'rules above.

® |For capacitangce\values of more than 1 uF, this test voltage is reduced by a factor equal tox/z, where Clis

the capacitance value in pF.

G.15-4—Informative-examples-of-the-application-of capacitors

Table G.8 gives informative examples for the number of Y capacitors required bridging basic
insulation, supplementary insulation or reinforced insulation based on the required
withstand voltage. Table G.9 gives the maximum voltage that can appear across a
Y capacitor based on the peak working voltage.

Table G.10 gives examples for the number of Y capacitors required bridging basic insulation

and reinforced insulation based on the temporary overvoltages. Table G.11 gives a number

of informative examples of the application of X capacitors selected in accordance with

Tab

le G.7. Other examples are possible.
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Table G.8 — Informative examples of the application of Y capacitors
based on required withstand voltage

AC mains
sulpply Mains
t A i
voltage Overvoltage transient Bridged Capacitor Required
Voltage . . number of
up to and category insulation type N
N X capacitors
including KV
Vr.m.s.
Il 1,5 BorS Y2 1
T .5 Dor R YZ 4
Il 1,5 DorR Y1 1
150 " 2,5 BorS Y2 2
I 2,5 DorR Y1 1
\% 4,0 BorS Y1 1
\% 4,0 DorR Y1 2
Il 2,5 BorS Y2 2
Il 2,5 DorR Y1 1
Il 2,5 DorR Y2 2
Il 4,0 BorS Y1 1
300 " 4,0 B or(S Y2 2
Il 4,0 D'or R Y1 2
I 4,0 DorR Y2 3
A% 6,0 BorS Y1 2
\% 6,0 DorR Y1 2
Il 4,0 BorS Y1 1
Il 4,0 DorR Y1 2
I 6,0 BorS Y1 2
500
Il 6,0 DorR Y1 2
V. 8,0 BorS Y1 2
\% 8,0 DorR Y1 3
B basic insulation D double insulation
S supplementary insulation R reinforced insulation
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Table G.9 — Informative examples of the application of Y capacitors based
on peak working voltage

Bridaed Peak working voltage across the capacitor
Capacitor type _oridge not to exceed
insulation
kV
Any type? B Capacitors located in circuits isolated from the
mains °, shall comply with the electric strength
test of 5.4.11.1
Y4 BorS 0,978
Y4 D orR 0,795
Y2 BorS 1,631
Y2 DorR 1,325
Y1 BorS 4,350
Y1 DorR 3,535
@ For capacitors that bridge basic insulation and are located in circuits isolated
from the mains, see 5.5.3.2.
> For application of Y capacitor located in circuits connected to_theymains, see
Table G.8 and Table G.10.
B basic insulation D double insulation
S supplementary insulation R reinforcedtinsulation

Table G.10 — Informative examples of the)application of Y capacitors
based on temporary“overvoltages

NDmlnaIVnrlanl]nss voltage Bridged insulation Capacitor type No. of capacitors
B Y4 2
R Y4 3
B Y2 1
120
R Y2 2
B Y1 1
R Y1 1
B Y2 1
R Y2 2
230
B Y1 1
R Y1 1
B Y2 2
R Y2 3
600
B Y1 1
R Y1 1

B basic insulation

R reinforced insulation
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Table G.11 — Informative examples of the application of X capacitors,
line to line or line to neutral

G.1

This

AC mains
suppl i
voIFt’;,g)é Mains Required number
Overvoltage transient Capacitor of capacitors
up to and category voltage type based on required
including KV withstand voltage
Vr.m.s.
1 1,5 X2 1
150 Il 2,5 X2 1
v 4,0 X1 1
1 2,5 X2 1
250 Il 4,0 X1 1
v 6,0 X1 2
Il 4,0 X1 1
500 I 6,0 X1 2
v 8,0 X1 2

6 Optocouplers as safeguards

safeguard, supplementary safeguard or a reinforced safeguard.

Opt
IEC

bcouplers shall comply with the requirements of |IEC 60747-5-5. In the applicatio
60747-5-5,

he voltage V' 5 for type testing as specified in 7.4.3 of IEC 60747-5-5:2007, and

he voltage V', , for routine testing as specified in 7.4.1 of IEC 60747-5-5:2007

shall be the appropriate value. of the test voltage in 5.4.11.1 of this standard.

NOT
appli

NOT
cons

G.1

E 1 The above constrictions may contain cemented joints, in which case 5.4.4.5 of this standard
eS.

E 2 The previous\version 60747-5-1, IEC 60747-5-2 and IEC 60747-3 must include their amendments
dered adequate\for compliance with the requirements and provisions of this subclause.

7 Relays

G.1

+—General

subclause specifies compliance requirements™for optocouplers serving as a basic

h of

also

o be

This subclause specifies requirements for relays that are located in PS2 or PS3 or in an

arci

ng PIS or a resistive PIS.

G.17.2 Requirements for relays

The

For

relay may be tested separately or in the equipment.

resistance to heat and fire, see Clause 13 in IEC 61810-1:2008.
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A relay shall comply with the requirements of IEC 61810-1, taking into account the following:

10 000 operating cycles for endurance (see 5.5 of IEC 61810-1:2008) and during the
electric endurance test (see Clause 11 of IEC 61810-1:2008), no temporary malfunction
shall occur;

NOTE A temporary malfunction is an event that has to be eliminated during the test at latest after one
additional energization cycle without any external influence (see Clause 11 of IEC 61810-1:2008).

the relay shall be suitable for use in the applicable pollution situation (see Clause 13 of
IEC 61810-1:2008);

the

— ¢haracteristics of the relay with regard to the ratings and classification (see IEC61810Q-1),
Ehall be appropriate for the function of the relay under normal operating condition as
piven below:

b rated coil voltage and rated coil voltage range (see 5.1 of IEC 61810-1:2008);
b rated contact load and the type of load (see 5.7 of IEC 61810-1:2008);
p a.c.ord.c. relay (see 5.3 of IEC 61810-1:2008);

p the ambient air temperature and upper and lower limit of;the temperature (see 5.8 of
IEC 61810-1:2008);

b only relay technology category RT IV and RT V shalkbé considered to meet pollution
degree 1 environment; for example, the relay meets 5.4.8 of this standard (see 59 of
IEC 61810-1:2008);

— electric strength (see 10.3 of IEC 61810-1:2008); except the test voltages shall be|the
highest of the voltages of Table 31, Table 32:and Table 33 of this standard;

— ¢learances in accordance with Table 17 ‘of this standard, if the required withstland
yoltage (referred to as impulse withstandvoltage in IEC 61810-1) exceeds 12 kV;

— ¢reepage distances in accordance:with Table 23 of this standard, if the r.m.s. working
yoltage (referred to as voltage r.niis. in IEC 61810-1) exceeds 500 V;

— solid insulation in accordance with 13.3 of IEC 61810-1:2008 or with 5.4.4 of |this
standard.

Compliance is checked according to IEC 61810-1 and the requirements of this standard.

G.17.3 Overload test

Excppt as specified in G.17.1, a relay shall withstand the following test.

The|contact of the relay is subjected to an overload test consisting of 50 cycles of operatign at
the Jrate(of*6 to 10 cycles per minute, making and breaking 150 % of the current imposed in
the application, except that where a contact switches a motor load, the test is conducted with

th £ £ £l £ H L L ol PN A £+ N £ N L L LL P TN £, i L
e rotor-orthemotoriraTocrea— cotraitron—ATterthe O, UITCTCTAy SITarnr- St oT  Tarre trorrdar.

G.17.4 Electric strength test

Except as specified in Table G.1, a relay shall withstand an electric strength test as specified

in 5.4.11.1. The test may be conducted at room temperature. If the contact switches a voltage
exceeding that of ES2, the test voltage is as specified for reinforced insulation. If the
contact switches a voltage less than that of ES3, the test voltage is as specified for basic
insulation.
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G.17.5 Relay controlling mains socket-outlets

A mains relay controlling mains socket-outlets shall withstand the endurance test with an
additional load that is equal to the total marked load of the socket-outlets. The peak surge
current of the additional load shall have a value as shown in Table G.1.

G.17.6 Test method

For mains relays, the tests of IEC 61810-1 and this standard shall be applied with the
modifications shown in Clause G.17 of this standard.

G.1Y.7 Compliance

After the tests, the relay shall show no damage in the sense of this standard. In particulgr, it
shall show no deterioration of its enclosure, no reduction of clearances and-creepage
distances and no loosening of electrical connections or mechanical fixings.

G.18 Printed boards

G.18.1 General

Thig subclause specifies the requirements for insulation on printed boards.
Thig subclause also applies to the windings of a planar transformer.

G.18.2 Uncoated printed boards

Thig subclause specifies the requirements for insulation on uncoated boards.

Thel| insulation between conductors on the“outer surfaces of an uncoated printed board ghall
comply with the minimum clearance-requirements of 5.4.2 and the minimum creepage
distance requirements of 5.4.3.

Compliance is checked by inspeetion and by measurement.

G.18.3 Coated printed-boards

Thig subclause specifies the requirements for separation distances before the boards|are
coafed.

An alternativedmethod to qualify coated printed boards is given in IEC 60664-3:2003.

For |printed boards whose outer surfaces are to be coated with a suitable coating material| the
minjmum separation distances of Table G.12 apply to conductive parts before they|are
coated.

Double insulation and reinforced insulation shall pass routine tests for electric strength of
54.11.1.

Either one or both conductive parts and the entire distances over the surface between the
conductive parts shall be coated.

The coating process, the coating material and the base material shall be such that uniform
quality is assured and the separation distances under consideration are effectively protected.

The minimum clearances of 5.4.2 and the minimum creepage distances of 5.4.3 shall apply:
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— if the above conditions are not met;
— between any two uncoated conductive parts; and

— over the outside of the coating.

Compliance is checked by inspection and measurement, taking Figure O.11 and Figure O.12
into account, and by the tests of G.18.6.

Table G.12 — Minimum separation distances for coated printed boards

V peak mm mm
71° 0,025 0,05
89°? 0,04 0,08
113° 0,063 0,125
141° 0,1 0,2
177° 0,16 0,32
227° 0,25 0,5
283° 0,4 0,8
354° 0,56 1,12
455 ° 0,75 1,5
570 1,0 2,0
710 1,3 2,6
895 158 3,6
1135 2,4 3,8
1450 2,8 4,0
1770 3,4 4,2
2 260 4,1 4,6
2 830 5,0 5,0
3 540 6,3 6,3
4520 8,2 8,2
5.660 10 10
7.070 13 13
8910 16 16

11 310 20 20

14 140 26 26

17 700 33 33

22 600 43 43

28 300 55 55

35400 70 70

45 200 86 86

Linear interpolation may be used between the nearest two points, the calculated spacing being
rounded up to the next higher 0,1 mm increment.
? The test of G.18.6 is not required.
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G.18.4 Insulation between conductors on the same inner surface

This subclause specifies the requirements for insulation on the same inner layer of a
multilayer board.

On an inner surface of a multi-layer printed board (see Figure O.17), the path between any
two conductors shall comply with the requirements for a cemented joint in 5.4.4.5.

G.18.5 Insulation between conductors on different surfaces

This_subclause specifies the requirements for insulation on the different layers of a multilayer

boafd.

For|basic insulation there is no thickness requirement.

Supplementary insulation or reinforced insulation between conductive parts on diffegrent
surfaces in double-sided single-layer printed boards, multi-layer printed Goards and metal
corg printed boards, shall either have a minimum thickness of 0,4 mm provided by a sihgle
laydgr or conform with one of the specifications and pass the relevant tests in Table G.13.

Table G.13 — Insulation in printed boatds

Routine tests

Specification of insulation Type.tests * for electric strength ©
TWwo layers of sheet insulating material including No Yes
pfe-preg
Three or more layers of sheet insulating material No No
ifcluding pre-preg °
An insulation system with ceramic coating over a_ métallic No Yes
spbstrate, cured at > 500 °C
A insulation system, with two or more coatings other Yes Yes

—

lhan ceramic over a metallic substrate, curéed”at < 500 °C

NOTE 1 Pre-preg is the term used for\a layer of glass cloth impregnated with a partially cured resin.
NOTE 2 For definition of ceramic;'see IEV 212-05-24 (IEC 60050-212).

Thermal conditioning of G.18.6.2 followed by the electric strength test of 5.4.11.1.

Layers are counted before curing.

Electric strength testing is carried out on the finished printed board.

G.18.6 Tests on coated printed boards

G.18.6¢1 Sample preparation and preliminary inspection

Three sample printed boards (or, for coated components in Clause G.19, two components and
one board) identified as samples 1, 2 and 3 are required. Either actual boards or specially
produced samples with representative coating and minimum separations may be used. 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 visually inspected, the boards shall show no evidence of pinholes or bubbles in the
coating or breakthrough of conductive tracks at corners.

G.18.6.2 Thermal conditioning

Sample 1 is subjected to the thermal cycling sequence of 5.4.7.
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Sample 2 is aged in a full draught oven at a temperature and for a time duration chosen from
the graph shown in Figure G.2 using the temperature index line that corresponds to the
maximum operating temperature of the coated board. The temperature of the oven is
maintained at the specified temperature +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 G.2, interpolation may be used between the nearest two temperature

index lines.
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Figure G.2 — Thermal ageing time

G.18.6.3 Electric strength test
Samples 1 and 2 are then subjected to the humidity conditioning of 5.4.10 and shall withstand

the electric strength test of 5.4.11.1 between conductors.

G.18.6.4 Abrasion resistance test

Sample board 3 is subjected to the following test.

Scratches are made across five pairs of conducting parts and the intervening separations at
points where the separations will be subject to the maximum potential gradient during the

tests.
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The scratches are made by means of a hardened steel pin, the end of which has the form of a
cone having a tip angle of 40°, its tip being rounded and polished, with a radius of
0,25 mm # 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 G.3. 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.

Pin

Direction
of moverment
of pin

80° - 85\
® Specimen

under test

v

NOTE The pinis in the plane ABCD that is perpendiculanto the specimen under test.

Figure G.3 — Abrasion resistance test for coating layers

After the test, the coating layer shall neither have loosened nor have been pierced. |The

coaling shall withstand an electrie:strength test as specified in 5.4.11.1 between conduciors.
In the case of metal core printed-boards, the substrate is one of the conductors.

NOTE If mechanical stress or-bending is applied to the board, additional tests to identify cracking may be nefpded
(see|lEC 60664-3).

G.19 Coatings:on component terminals

G.19.1 Requirements

Thig subclause specifies the requirements for coatings on component terminals and the likle.

Coatings may be used over external terminations of components to increase effective
clearances and creepage distances (see Figure O.11). The minimum separation distances
of Table G.12 apply to the component before coating, and the coating shall meet all the
requirements of G.18.3. The mechanical arrangement and rigidity of the terminations shall be
adequate to ensure that, during normal handling, assembly into equipment and subsequent
use, the terminations will not be subject to deformation that would crack the coating or reduce
the separation distances between conductive parts below the values in Table G.12 (see
G.18.3).

G.19.2 Compliance and test method

Compliance is checked by inspection taking into account Figure O.11 and by applying the
sequence of tests covered by G.18.6.1, G.18.6.2 and G.18.6.3. These tests are carried out on
a completed assembly including the component(s).
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The abrasion resistance test of G.18.6.4 is carried out on a specially prepared sample printed
board as described for sample 3 in G.18.6.1, except that the separation between the
conductive parts shall be representative of the minimum separations and maximum potential
gradients used in the assembly.

G.20 Mains connectors

Mains connectors that are listed in IEC/TR 60083 or that comply with one of the following
standards |EC 60309-1, IEC 60320-1, IEC 60906-1 or IEC 60906-2, are considered
acceptable without further evaluation.

G.2[1 Liquid filled components

G.21.1 General
Thig subclause provides construction and test requirements for LFCs%used inside |the

equ|pment to avoid injury due to leaks of the liquid in the LFC within the meaning of |this
standard.

Thig subclause does not apply to components containing small-amounts of liquids not likely to
cause any chemical hazard (for example, liquid crystal displays, electrolytic capacitors, lifjuid
cooling heat pipes, etc.).

For |wet cell batteries, see Annex M.

G.21.2 Requirements

An LFC located internal to the equipment shall comply with all of the following requirements:

[

NOTE 1 Additional requirements need to be apptied if located outside the equipment enclosure.

— flammable or conductive liquid_shall be stored in a container, and the LFC shall comply
vith the tests of G.21.3.3, G.24:3.4, G.21.3.5 and G.21.3.6;

— the liquid shall be provided with protection in accordance with Clause 7 (chemical
hazards);

— nhon-metallic parts.of the container system shall withstand the tests of G.21.3.1 [and
5.21.3.2;

NOTE 2 Additional ‘requirements of this standard may apply to the end product using an LFC if the LHC is
evalyated as a component or subassembly.

— the LFC.shall be mounted within the equipment in such a way that the tubing shall| not
come-into contact with sharp edges or any other surface that could damage the tubing|and
Fthe LFC bursts or relieves its pressure, the fluid cannot come in contact with ES3 parts.

The order of tests is not specified. The tests may be performed on separate samples, except
after the test of G.21.3.2, the test of G.21.3.1 is conducted.

G.21.3 Compliance and test methods
G.21.3.1 Hydrostatic pressure test

Compliance is checked by evaluation of the available data or by the following test. An LFC
that is open to the atmosphere is not subjected to this test.

One sample of the LFC is subjected to a hydrostatic pressure test for 2 min at room
temperature and at a pressure that is the highest of the following:
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— five times the maximum working pressure measured at the maximum temperature reached
during normal operating conditions; and

— three times the maximum measured working pressure at the maximum temperature
reached during application of the abnormal operating conditions of Clause B.3 and
single fault conditions of Clause B.4.

G.21.3.2 Creep resistance test

Two samples of the LFC, of which one or more parts are made of non-metallic materials, shall
be condlt/oned for 14 days at a temperature of 87 °C and placed in a full draft air-circulating

G.2

Thre

mad
ISO
circ

is maintained at atmospheric pressure. The tensile strength aftercconditioning shall no

less

G.2

Ondg
gen
clan
is:

G.2

One
that|

abnormal operating_conditions of Clause B.3 and single fault conditions of Clause

folld

NOT

G.2

.3.3 Tubing and fittings compatibility test

e samples of tubing and associated fittings of the LFC, of which one or more parts
e of non-metallic materials, shall be tested for tensile strength in accordance with
527 series before and after a conditioning test for 40 days at 38 *C in a full draft
Ulating oven or a water bath maintained at 38 °C. The internal pressure of the assem}

than 60 % of the tensile strength before the test.

1.3.4 Vibration test

sample of the LFC, or the equipment containing the LFC, is fastened to the vibra

ps or straps round the component. The direction/of vibration is vertical, and the sev

Huration: 30 min;
bmplitude: 0,35 mm;
frequency range: 10 Hz, 55 Hz,. .30 Hz;

sweep rate: approximately one octave per minute.
1.3.5 Thermal cycling-test

sample of the LFC is Subjected to three cycles of conditioning for 7 h at a tempera

wed by room temperature for 1 h.

E  The LEG,is not energized during the above test.

1.3.6-/ Force test

are
the
air-
lies
F be

tion

erator in its normal position of use, as specified~in. IEC 60068-2-6, by means of screws,

prity

ture

is 10 °C above the-maximum temperature obtained during normal operating conditions,

B.4,

One sample of the LFC is subjected to the tests of Clause T.2 (10 N test applied to fittings
accessible to a skilled person) and Clause T.3 (30 N test applied to fittings accessible to
an instructed person or to an ordinary person).

G.21.4 Compliance

Compliance is checked by inspection and evaluation of the available data or by the tests of
G.21.3. During and after these tests, there shall be no rupture, no leaks and no loosening of

any

connection or part.
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G.22 Connectors other than mains connectors

Connectors other than for connecting mains power shall be so designed that the plug has
such a shape that insertion into a mains socket-outlet or appliance coupler is unlikely to
occur.

NOTE Examples of connectors meeting this requirement are those constructed according to IEC 60130-2,
IEC 60130-9, IEC 60169-2 or IEC 60169-3, when used as prescribed. An example of a connector not meeting the
requirements of this subclause is the so-called "banana" plug.

Compliance is checked by inspection.
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Annex H
(normative)

Criteria for telephone ringing signals

General

(E)

The two alternative methods described in this annex reflect satisfactory experience in

diffd
and
safg

H.2

Method B of those in North America. The two methods result in standards of elect
ty that are broadly equivalent.

Method A

rent parts of the world. Method A is typical of analogue telephone networks in Eurppe,

ical

Thig method requires that the currents Ity and Itg, flowing through a 5 000 2 resistor,

between any two conductors or between one conductor and protegtive earth do not exd

the

where
I, is the\peak current, in mA, of the relevant waveform given in Figure H.3;
Ipp iS\the peak-to-peak current, in mA, of the relevant waveform given in Figure H.

imits specified, as follows.

measured current for any single active ringing period, ry.{as defined in Figure H.1),
not exceed:

- for cadenced ringing (14 < =), the current givenBy the curve of Figure H.2 at t,;

- for continuous ringing (t4 = =), 16 mA.

Jts1, in mA, is as given by

1
Its1 :TF; for (11 <600 ms)
11600 fpp 4200-4 Ip for (600ms <74 <1200 ms)

[ =
TS177600 22,5 600 2

I
[ois o PP for (11 21200 ms)
1202

14 is expressed in ms.

eed

-or normal operating conditions, I1g4, the current determined from the calculatefd or

oes

L

Df a

b)

-orvhormal operating conditions, Itg,, the average current for repeated bursts

cadenced ringing signal calculated for one ringing cadence cycle t, (as define
Figure H.1), does not exceed 16 mA r.m.s.
Itgo in mA s as given by
o 112
n,o2 ,l2-t1, Id
Itso = | XIfg1t = X5
p TS 1 3752

where
Itg1 In mA, is as given by H.2 a);

I4c is the d.c. current in mA flowing through the 5 000 (2 resistor during the non-a
period of the cadence cycle;

t1 and t, are expressed in ms.

d in

ctive
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NOTE The frequencies of telephone ringing voltages are normally within the range of 14 Hz to 50 Hz.
c) Under single fault conditions, including where cadenced ringing becomes continuous:

— Itg4 Shall not exceed the current given by the curve of Figure H.2, or 20 mA, whichever
is greater; and

— Itgo shall not exceed a limit of 20 mA.

t

A\ 4

)

A A
A 4

fa | | tb

A
A 4
A

t

where

tq igf
— the duration of a single ringing period, where-hg ringing is active for the whole of| the
bingle ringing period;

— 1{he sum of the active periods of ringing within the single ringing period, where the sipgle
inging period contains two or more discrete active periods of ringing, as in the example
Ehown, for which t; = t,, + t4,;

t, is|the duration of one complete cadence cycle.

Figure H.1 — Definition of ringing period and cadence cycle
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Figure H.2.={Iyg4 limit curve for cadenced ringing signal

Figure H.3 — Peak and peak-to-peak currents
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H.3 Method B

H.3

H.3

A Ringing signal

1.1 Frequency

The ringing signal shall use only frequencies whose fundamental component is equal to or
less than 70 Hz.

H.3

1.2 Voltage

The| ringing voltage shall be less than 300 V peak-to-peak and less than 200 V peak
respect to earth, measured across a resistance of at least 1 MQ.

H.3

1.3 Cadence

The| ringing voltage shall be interrupted to create quiet intervals of at least 1 s durg

sep
exc

H.3

brated by no more than 5s. During the quiet intervals, the voltage to earth shall
bed 60 V d.c.

1.4 Single fault current

Where cadenced ringing becomes continuous as a consequénce of a single fault, the cun
through a 5 000 Q resistor connected between any two ‘output conductors or between
output conductor and earth shall not exceed 56,5 mA peak*to-peak, as shown in Figure H.

H.3
H.3

Ari

2 Tripping device and monitoring voltage
2.1 Conditions for use of a tripping device or a monitoring voltage
nging signal circuit shall include a tripping device as specified in H.3.2.2, or provig

morjitoring voltage as specified in H.3:2.3, or both, depending on the current throug

spe

Cified resistance connected between’the ringing signal generator and earth, as follows!

If the current through a 500 Q“or greater resistor does not exceed 100 mA peak-to-p
neither a tripping device nar;a monitoring voltage is required;

If the current through 'a”1 500 Q or greater resistor exceeds 100 mA peak-to-pea
ripping device shallibe included. If the tripping device meets the trip criteria specifie
Figure H.4 with (Ry2 500 Q, no monitoring voltage is required. If, however, the trip
jevice only meeis the trip criteria with R > 1 500 Q, a monitoring voltage shall alsg
brovided;

If the cufrent through a 500 Q or greater resistor exceeds 100 mA peak-to-peak, but
currentthrough a 1 500 Q or greater resistor does not exceed this value, either:

p {a tripping device shall be provided, meeting the trip criteria specified in Figure H.4
D>SENNQ or

with

tion
not

rent
one

5o
O Q

K, a
d in
Ding

be

the

Wwith

T — O UU—==;,OT

e 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 minimize testing time, a variable resistor box should be used.
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A vogltage to earth on the tiprorting conductor with a magnitude of at least 19 V peak, but
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10007 Tripping
Ringing device 1\v
E (28 ms, 600 mA) voltage 2
~ 500 — source
=
o
5 —
° e
X
S 200 —
Q.
d
T 100 —
S 1 (1,0 s, 100 mA)
e 1
|
1
i
50 ] :
1
1
f
\
|
1
i
20 | : : |
0,02 0,05 0,1 0,5 1,0 5,0

Maximal time to trip- (s) EC 1587105

E 1 +is measured from the time of connection of the resistor R to thé.gircuit.
E 2 The sloping part of the curve is defined as I = 100/\5.

Figure H.4 — Ringing voltage trip criteria

2.2 Tripping device

bries current-sensitive tripping device in the ringlead that will trip ringing as specifie
re H.

2.3 Monitoring voltage

peding 60 V d.c., whenever the ringing voltage is not present (idle state).

not
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Annex |
(informative)

Overvoltage categories
(see IEC 60364-4-44)

The largest transient voltage likely to be experienced at the power input interface of
equipment connected to the mains is known as the mains transient voltage. In

stand d—_minimum - N

mains transient voltage.

hge and the overvoltage category, | to IV (see Table 15 of this standard).

this
on

prding to IEC 60664-1, the value of the mains transient voltage is allocated to the mains

overvoltage category therefore has to be identified for each equipment intended tg be

conpected to the mains (see Table I.1).
The| concept of overvoltage categories is used for equipment energized directly from thea.c
mains.
The| overvoltage categories have a probabilistic implication rather than the meaning of
physical attenuation of the transient voltage downstream in the installation.
NOTE 1 This concept of overvoltage categories is used in IEC/60364-4-44:2007, section 443.
NOTE 2 The term overvoltage category in this standard.isrsynonymous with impulse withstand category usgd in
IEC $0364-4-44:2007, section 443.
The|term overvoltage category is not usedin connection with d.c. power distribution systems
in this standard.
Tablel.1 — Overvoltage categories
Overvoltage Equipment\and its point .°f connection Examples of equipment
category to the a.c. mains
e Electricity meters
v Equipment that will be connected to the point
whefé the mains supply enters the building e Communications ITE for remote
electricity metering
e Socket outlets, fuse panels and
m Eq_uipmenF Fhat will be an integral part of the switch panels
building wiring
e Power monitoring equipment
e Household appliances, portable {ools,

Pluggable or permanently connected equipment home-electronics

that will be su.pplied from the building wiring |
e Most ITE used in the building

Equipment that will be connected to a special
| mains in which measures have been taken to

. motor driven generator
reduce transients 9

e |TE supplied via an external filter or a
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Annex J
(normative)

Insulated winding wires for use without interleaved insulation

General

This annex specifies winding wires whose insulation may be used to provide basic

insdylation, supplementary insulation, double insulation or reinforced insulation in

wo

This
and

J.2

J.2.

The
35

J.2,

The
san
than
min

J.2,

Tes

The

by the electric strength test of 5.4.11.1 in this standard. The test voltage shall be not

tharn
min

nd components without interleaved insulation.

annex covers round solid winding wires having diameters between 0,05 mm.and 5,0
stranded winding wires with equivalent cross-sectional areas.

Sampling tests

( General

wire shall pass the following type tests, carried out at a temperature between 15 °C
C and a relative humidity between 45 % and 75 %, unless”otherwise specified.

R Electric strength
test sample is prepared according to 4.4.1 of IEC 60851-5:2008 (for a twisted pair).
ple is then subjected to the electric strength test of 5.4.11.1 with a test voltage not

twice the highest of the appropriate voltages of Table 31, Table 32 and Table 33, w
mum of:

b kV r.m.s. or 8,4 kV (peak) for reiniforced insulation, or

3 kV r.m.s. or 4,2 KV (peak) fof.basic insulation or supplementary insulation.
3 Flexibility and adherence

t 8in 5.1.1 of IEC 60851-3:2009 shall be used, using the mandrel diameters of Table J

test sample is_then examined in accordance with 5.1.1.4 of IEC 60851-3:2009, follo

the highest of the appropriate voltages in Table 31, Table 32 and Table 33, wi
mum of:

B kVr\m.s. or 4,2 kV (peak) for reinforced insulation, or

mm

and

The
ess
th a

wed
ess
h a

Table J.1 — Mandrel diameter

Nominal conductor diameter Mandrel diameter
mm mm

0,05 up to and including 0,35 4,0+0,2
over 0,35 up to and including 0,50 6,0 £ 0,2
over 0,50 up to and including 0,75 8,0+0,2
over 0,75 up to and including 2,50 10,0 £ 0,2
over 2,50 up to and including 5,00 Four times the conductor diameter ®

® In accordance with IEC 60317-43.



https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

62368-1 © IEC:2010(E) — 245 —

The tension to be applied to the wire during winding on the mandrel is calculated from the
wire diameter to be equivalent to 118 MPa #+ 10 % (118 N/mm? + 10 %).

J.2.4 Heat shock

Test 9 of IEC 60851-6:1996, followed by the electric strength test 5.4.11.1 except that the test
voltage is applied between the wire and the mandrel. The test voltage shall be not less than
the highest of the appropriate voltages in Table 31, Table 32 and Table 33, with a minimum
of:

—_— H H H el oL
O 0 1,01

- [1,5kVr.m.sor2,1KkV (peak) for basic insulation or supplementary insulation.

The| oven temperature is the relevant temperature of the thermal class of dnstlatiop in
Tabfe J.2. The mandrel diameter and tension applied to the wire during winding on|the
mandrel are as in Table J.1. The electric strength test is conducted at room temperature gfter
rempval from the oven.

Table J.2 — Oven temperature

Thermal Class 105 | Class 120 | Class 103 | Class 155 | Class 108 .[ Class 200 | Class 220 | Class 25(
class (A) (E) (B) (F) (H) (N) (R) -
Oven

temperature 200 215 225 250 275 295 315 345
°C

Dven temperatures shall be maintained within £5° of the specified temperature.

he classes are related to the classification of electricalyinsulating materials and EISs in accordance with
EC 60085. The assigned letter designations are given-in parentheses.

J.2.p Retention of electric strength after bending

Fivg samples are prepared as in dy2.3 and tested as follows. Each sample is removed from
the |mandrel, placed in a container and positioned so that it can be surrounded by at lpast
5 mm of metal shot. The ends of the conductor in the sample shall be sufficiently long to afyoid
flash over. The shot shall(be' not more than 2 mm in diameter and shall consist of balls of
staipless steel, nickel or nickel plated iron. The shot is gently poured into the container until
the |sample under teSt-is covered by at least 5 mm of shot. The shot shall be cledned
peripdically with a suitable solvent (for example, 1,1,1, - trichloroethane).

NOTE The aboye test procedure is reproduced from 4.6.1 c) of IEC 60851-5, now withdrawn. It is not includgd in
the fpurth edition {2008) of that standard.

The| test voltage shall be not less than the highest of the appropriate voltages in Tablg 31,
Tabfe‘32 and Table 33, with a minimum of:

— 3kVr.m.s. or 4,2 kV (peak) for reinforced insulation, or

- 1,5kVr.m.s. or 2,1 kV (peak) for basic insulation or supplementary insulation.

The mandrel diameter and tension applied to the wire during winding on the mandrel are as in
Clause J.2.

J.3 Testing during manufacturing

J.3.1 General

The wire shall be subjected by the wire manufacturer to electric strength tests during
manufacture as specified in J.3.2 and J.3.3.
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J.3.2 Routine test

The test voltage for routine test shall be the highest of the appropriate voltages in Table 31,
Table 32 and Table 33 of this standard, with a minimum of:

— 3kVr.m.s. or 4,2 kV (peak) for reinforced insulation, or

- 1,6 kVr.m.s. or 2,1 kV (peak) for basic insulation or supplementary insulation.

J.3.3 Sampling test

Twisted pair samples shall be tested in accordance with 4.4.1 of IEC 60851-5:2008. The test
voltage for the sampling test shall be the highest of the appropriate voltages in Tabld 31,
Tabje 32 and Table 33 of this standard, but not less than:

— P kVr.m.s. or 8,4 kV (peak) for reinforced insulation, or

— PBkVr.m.s. or 4,2 kV (peak) for basic insulation or supplementary insulation.
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Annex K
(normative)

Safety interlocks

K.1 General

K.1.1 General requirements

Sathy interlocks shall be so designed that, for an ordinary person, the class 2henéergy
sources and class 3 energy sources will be removed before the cover, door, etc.is |n a
position that those parts become accessible as a class 1 energy source.

Safety interlocks shall be so designed that, for an instructed person, the)class 3 eng¢rgy
sources will be removed before the cover, door, etc. is in a position that this part becomes
accpssible as a class 2 energy source or less.

Thel|interlock shall either:

— Dhecessitate previous de-energisation of such parts, or
— automatically initiate disconnection of the supply to such parts, and to reduce to a:
pclass 1 energy source within 2 s for an ordinary/person; and

b class 2 energy source within 2 s for an instructed person.

For [hot parts and for moving parts, reduction of-the energy source may be longer than 2| s if
an Instructional safeguard is provided in.@ccordance with Clause F.5 indicating the fime
wheln the energy source will be reduced torthe required class. The instructional safeguard
shall be placed on the door, cover oriother part that initiates the interlock action anfd is
opehed or removed to gain access. Ahradditional instructional safeguard in accordance with
Clalise F.5 shall be placed on or beside the part that was a class 2 or 3 energy source beffore
the |nterlock action was initiated.

K.1J]2 Compliance and'te'st method

Thelenergy level of class 2 or class 3 energy source parts are monitored.

Compliance is checked by inspection, measurement and use of the rigid test finger accorfling
to Annex V.

K.2[ ,Components of the safety interlock safeguard mechanism

The components comprising the safety interlock mechanism shall be considered
safeguards, and shall comply with applicable safeguard requirements and shall be subject to
applicable requirements of Annex G.

Compliance is checked in accordance with Annex G and by inspection.

K.3 Inadvertent change of operating mode

A safety interlock shall not be operable by means of probes specified in Annex V so as to
change the energy class within the area, space or access point being controlled to a class 3
energy source for an instructed person, or to a class 2 energy source or a class 3 energy
source for an ordinary person.
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Compliance is checked in accordance with Annex V and by inspection.

K.4 Interlock safeguard override

A safety interlock may be overridden by a skilled person. The safety interlock override
system:

— shall require an intentional effort to operate; and

- located in an area accessible to an ordinary person or, if applicable, an instru¢ted
berson, shall not be operable by means of probes specified in Annex V, and shalbrequire
h tool for operation.

Compliance is checked in accordance with Annex V and by inspection.

K.5| Fail-safe

K.5/1 Requirement

In the event of any single fault condition in the safety interlock system, the space
confrolled by the safety interlock shall

— fevert to a class 1 energy source for an ordinary\person or a class 2 energy sourceg for
hn instructed person, or

— be locked in the normal operating conditionyand comply with applicable requirements for
h class 3 energy source.

K.5J2 Compliance and test method

Compliance is checked by introduetion of electrical, electro-mechanical, and mechanical
component faults, one at a timexSingle fault conditions are described in Clause B.4.|For
each fault, the space controlled by the safety interlock shall comply with the applichble
reqyirements for single fault-econditions for the respective energy source. Fixed separgtion
distances in safety interlock circuits (for example, those associated with printed boards)| are
not [subjected to simulated single fault conditions if the separation distances comply with
K.7{1.

K.6] Mechanically operated safety interlocks

K.6]1 Endurance requirement

MoVingmechanical parts in mechanical and electromechanical safety interlock systems ghall
have adequate endurance.

K.6.2 Compliance and test method

Compliance is checked by inspection of the safety interlock system, available data and, if
necessary, by cycling the safety interlock system through 10 000 operating cycles. In the
event of any fault during or after the 10 000 operating cycles in the safety interlock system,
the space controlled by the safety interlock shall:

— revert to a class 1 energy source for an ordinary person or a class 2 energy source for
an instructed person, or

— be locked in the normal operating condition and comply with applicable requirements for
a class 3 energy source.
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NOTE The above test is conducted to check the endurance of moving parts other than those in safety interlock
systems, switches and relays. Safety interlock systems, switches and relays, if any, are subject to Annex G.

K.7 Interlock circuit isolation

K.7.1 Separation distances for contact gaps and interlock circuit elements

If the switch or relay disconnects a circuit conductor in a circuit connected to the mains, the
separation distances for contact gaps and their related circuits shall be not less than that for a
disconnect device (see Annex L).

If tHe switch or relay is in a circuit isolated from the mains, the separation distanceia for
confact gaps shall be not less than the relevant minimum clearance value for “basic
insylation for isolation of class 2 energy sources. Interlock circuit elements, thé|failurg of
whi¢h can defeat the interlock system, shall have basic insulation.

If the switch or relay is in a circuit isolated from the mains, the separation distanceg for
confact gaps shall be not less than the relevant minimum clearance value for reinforced
insylation for isolation of class 3 energy sources. Interlock circuitelements, the failurg of
whi¢h can defeat the interlock system, shall have reinforced insulation.

Twd independent interlock systems employing basic insulation may be used as| an
altefnative to the provision of reinforced insulation.

Alternatively, the separation gap between contacts_in the off position shall withstand|the
eleqgtric strength test of 5.4.2.8 at a test voltage required for basic insulation. The contact
gap|shall comply with the above requirements before and after the 10 000 cycle endurgnce
test|of K.6.2. The endurance test condition shall*represent the maximum normal operating
condition within the equipment with respect to voltage and current that the contacts interrupt.

The| contact gap clearance may be the.required distance for a homogeneous field accorfling
to Tiable 17 provided the switch or relay’complies with K.7.2, K.7.3 and K.7.4.

The| above requirements do nat apply to switches complying with Clause G.1 and rejays
complying with Clause G.17.

K.7J2 Overload test

The| contact of a switch or relay in the safety interlock system is subjected to an over{oad
test|consisting of\50 cycles of operation at the rate of 6 to 10 cycles per minute, making |and
bregking 150/ 0f the current imposed in the application, except that where a switch or relay
confact switches a motor load, the test is conducted with the rotor of the motor in a logked
conglition;

After the test, the safety interlock system, including the switch or relay, shall still be

functional.

K.7.3 Endurance test

The contact of a switch or relay in the safety interlock system is subjected to an endurance
test, making and breaking 100 % of the current imposed in the application at a rate of 6 to 10
cycles of operation per minute. A higher rate of cycling may be used if requested by the
manufacturer.

For reed switches used in a safety interlock system in ES1 or ES2, the test is 100 000
operating cycles. For other switches and relays in a safety interlock system, the test is
10 000 operating cycles.
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After the test, the safety interlock system, including the switch or relay, shall still be
functional.

K.7.4 Electric strength test

Except for reed switches in ES1 or ES2, an electric strength test as specified in 5.4.11.1 is
applied between the contacts after the tests of K.7.3. If the contact is in a circuit connected to
the mains, the test voltage is as specified for reinforced insulation. If the contact is in a
circuit isolated from the mains, the test voltage is as specified for basic insulation in a
circuit connected to the mains.
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L.1

L.1.

Annex L
(normative)

Disconnect devices

General requirements

1 General

Ad
disc
con

Ad

NOT
prov

For

sconnect device shall be provided to disconnect the equipment from the supply-
onnect device interrupts the neutral conductor, it shall simultaneously interrupt,all ph
juctors.

sconnect device may be:

he plug on the power supply cord;
hn appliance coupler;

hn isolating switch;

h circuit breaker; or

hny equivalent means for disconnection.

E  The following requirements do not apply to functional ‘switches where a disconnect device is
ded.

equipment intended to be powered from @nra.c. mains that is Overvoltage Catego

Overvoltage Category Il or Overvoltage Category Ill, or from a d.c. mains that is ES

disc
Ove
disc

For

L.1.

For
equ

onnect device shall have a contact separation of at least 3 mm. For an a.c. mains th
rvoltage Category 1V, see IEC 60947-1. When incorporated in the equipment,
onnect device shall be connected<as closely as practicable to the incoming supply.

equipment intended to be powéred from a d.c. mains that is not at ES3,

h disconnect device (shall have a contact separation at least equal to the minin
Clearance for basic. insulation;

bnly to an instfucted person or to a skilled person.
2 Permanently connected equipment

permanently connected equipment the disconnect device shall be incorporated in
pment, unless the equipment is accompanied by installation instructions stating tha

If a
ase

also

[y |,
B, a
At is
the

num

h removable fusg thay be used as a disconnect device, provided that it is accessfible

the
t an

app

ropriate disconnect device shall be provided as part of the building installation.

NOTE External disconnect devices will not necessarily be supplied with the equipment.

L.1.

3 Parts that remain energised

Parts on the supply side of a disconnect device in the equipment, that remain energised
when the disconnect device is switched off, shall be guarded to reduce the risk of accidental
contact by skilled persons.

As an alternative, instructions shall be provided in the service manual.


https://iecnorm.com/api/?name=eddffcd028f0bcd3893d011e64f65dcd

- 252 - 62368-1 © IEC:2010(E)

L1.4 Single phase equipment

For single-phase equipment, the disconnect device shall disconnect both poles
simultaneously, except that a single-pole disconnect device can be used to disconnect the
phase conductor when it is possible to rely on the identification of the neutral in the mains. If
only a single pole disconnect device is provided in the equipment, instructions shall be given
for the provision of an additional two-pole disconnect device in the building installation when
the equipment is used where identification of the neutral in the mains is not possible.

NOTE Examples of cases where a two-pole disconnect device is required are:

i i Lad £ LT %
A-egtHpehirSuppreaTrom—eafiTr—Powetr—SyStettt

- n pluggable equipment supplied through a reversible appliance coupler or a reversible plug (unless the
hppliance coupler or plug itself is used as the disconnect device;

- n equipment supplied from a socket-outlet with indeterminate polarity.

L1 Three-phase equipment

For three-phase equipment, the disconnect device shall disconnect simultaneously all ptase
conductors of the supply. For equipment requiring a neutral connection to an IT pqwer
system, the disconnect device shall be a four-pole device and. shall disconnect all pHase
conductors and the neutral conductor. If this four-pole device is not provided in|the
equ|pment, the installation instructions shall specify the need for its provision as part of| the
builging installation.

L.1.6 Switches as disconnect devices

Whe¢re the disconnect device is a switchvincorporated in the equipment, the on and off
positions shall be marked in accordance with F.3.5.2.

L.1.J7 Plugs as disconnect devices

Where a plug on the power supply cord is used as the disconnect device, the installdtion
instfuctions shall state that:for pluggable equipment, the socket-outlet shall be easily
accpssible. For pluggable~equipment intended for installation by an ordinary person,|the
installation instructions shall be made available to the ordinary person.

L.1.8 Multiple power sources

Where a unit~receives power from more than one source (for example, different
voltages/frequencies or as redundant power), there shall be a prominent marking at gach
dis¢onnect device giving adequate instructions for the removal of all power from the unit.

If more—thamome—such—discommectdevice s provided—om—aunit,attthesedevices—statl be

grouped together. It is not necessary that the devices be mechanically linked.

Equipment incorporating an internal UPS shall have provisions for reliably disabling the UPS
and disconnecting its output prior to servicing the equipment. Instructions for disconnection of
the UPS shall be provided. The internal energy source of the UPS shall be marked
appropriately and guarded against accidental contact by a skilled person.

L.2 Compliance

Compliance is checked by inspection.
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