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Part 1: Safety requirements
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technology. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2018. This edition
constitutes a technical revision.
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edition:
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

NOTE Explanatory information related to IEC 62368-1is contained in IEC TR 62368-2. It provides rationale
together with explanatory information related to this document.

IMPORTANT — The "colour inside” logo on the cover page of this document indicateg 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.
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INTRODUCTION

0 Principles of this product safety standard

0.1  Objective

This part of IEC 62368 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, groperty damage.

The objgctive of the introduction is to help designers to understand the underlying-pringiples of
safety in order to design safe equipment. These principles are informative and hotan alternative
to the detailed requirements of this document.

0.2 Persons
0.2.1 General

This dogument describes safeguards for the protection of three'kinds of persons: the drdinary
person) the instructed person, and the skilled person:nless otherwise specified in this
document, the requirements for an ordinary person _apply. This document assumeg that a
person Will not intentionally create conditions or situations that could cause pain or injury.

NOTE 1 [In Australia, the work conducted by an instructed person or skilled person can require formal licensing
from regujatory authorities.

NOTE 2 [In Germany, a person can only be regarded,as an instructed person or a skilled person if ceftain legal
requiremgnts are fulfilled.

0.2.2 Ordinary person

Ordinany 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 also all perspns who
can possibly have access«ta the equipment or who could be in the vicinity of the equipment.
Under normal operating ¢onditions or abnormal operating conditions, ordinary persons
should not be exposed.to parts comprising energy sources capable of causing pain gr injury.
Under g single fault.condition, ordinary persons should not be exposed to parts comprising
energy sources capable of causing injury.

0.2.3 Instructed person

ined by a
skilled person, or who are supervised by a skilled person, to identify energy sources that can
cause pain (see Table 1) and to take precautions to avoid unintentional contact with or exposure
to those energy sources. Under normal operating conditions, abnormal operating
conditions or single fault conditions, instructed persons should not be exposed to parts
comprising energy sources capable of causing injury.

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 used in the
equipment. Skilled persons are 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.
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0.3 Model for pain and injury

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 Body part
causing pain or transfer
injury

Figure 1 — Three block model for pain and injury

IEC

This safety standard specifies three classes of energy sources defined By magnitugles and
duratiorns of source parameters relative to the body responses to those electrical and|thermal
energy [sources (see Table 1). Source parameters relative to responses to combustible
materiall:, mechanical energy sources and radiation energy soures are specified based on

experiemce and basic safety standards.
Table 1 — Response to energy class
Energy source Effect on the body Effect on combustible materials
—
Class 1 Not painful, but can bé\B}lectable Ignition not likely
Class 2 Painful, but not anq'gdry Ignition possible, but limited growth
fN and spread of fire

Class 3 Ignition likely, rapid growth

spread of fire

The endrgy threshold for pain or'injury is not constant throughout the population. For example,
for somg energy sources, the threshold is a function of body mass; the lower the mass, the
lower thie threshold, and vice-versa. Other body variables include age, state of health,|state of
emotions, effect of drugs; skin characteristics, etc. Furthermore, even where putward
appeargnces otherwisé appear equal, individuals differ in their thresholds of susceptjbility to
the same energy source.

The effgct of duration of energy 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.

Furthermore, the pain or injury can occur some considerable time after the transfer of energy
to a body part. For example, it is possible that pain or injury from some chemical or physiological
reaction does not manifest itself for days, weeks, months, or years.

0.4 Energy sources

Energy sources are addressed by this document, together with the pain 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 unit, or a battery. An electrical product uses the electrical energy to
perform its intended functions.
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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 can 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 can be a by-product of the product function
(for example, heat dissipated by functional circuits, X-radiation from a cathode-ray tube, etc.).

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

Exampl£s of the types of energy forms and the associated injuries and property’damage
addressied in this document are in Table 2.

Tableg 2 - Examples of body response or property damage related to‘ehergy solirces

Forms of energy Examples of body response or/property Clause
damage
Electricgl energy Pain, fibrillation, cardiac arfest, respiratory 5

(for exafnple, energized conductive parts) arrest, skin burn, or internal organ burn

Thermal|energy 6
Electrically-caused)fire leading to burn-related

]Sfor)exarnple, electrical ignition and spread of pain or injury,f property damage

ire

Chemicgl reaction 7

Skin damage, organ damage, or poisoning
(for example, electrolyte, poison)

Kinetic gnergy LLaceration, puncture, abrasion, contusion, 8

(for exatple, moving parts of equipment, or a erush, amputation, or loss of a limb, eye, ear,

moving body part against an equipment part) etc.

Thermal|energy 9
Skin burn

(for example, hot accessible parts)

Radiated energy 10

(for example, electromagnetig-energy, optical Loss of sight, skin burn, or loss of hearing

energy, pcoustic energy)

0.5 Sjafeguards
0.5.1 General

Many producis necessarily use energy capable of causing pain or injury. Product design cannot
eliminate such energy use. Consequently, such products should use 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

IEC

Figure 2 — Three block model for safety
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uard 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:

- a

ttenuating the energy (reduces the value of the energy); or

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

- d
- d

iverting the energy (changes the energy direction); or

isconnecting, interrupting, or disabling the energy source; or

= £ i £ H

g

A safeg
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requirer
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terposing a barrier between a body part and the energy source.

uard can be applied to the equipment, to the local installation, to a persan or ¢

an be a

or directed behaviour (for example, resulting from an instructional safeguard)
intendeI to reduce the likelihood of transfer of energy capable of causing’ pain or i

rd can be a single element or a set of elements.

ly, this document uses an order of preference for providing safeguards base
nents given in ISO/IEC Guide 51 as follows:

pment safeguards are always useful, since they,do” not require any knowl
ns by persons coming into contact with the equigment;

— installation safeguards are useful when a safety.characteristic can only be provid

insta
— beh{

llation (for example, the equipment shall be\bolted to the floor to provide stabi

vioural safeguards are useful when the<équipment requires an energy sour

accessible.

In pract
user, th

0.5.2

An equi
safegud

0.5.3

Installa

cases, i

ce, safeguard selection accountsfor the nature of the energy source, the i
e functional requirements of the~equipment, and similar considerations.

Equipment safeguard

pment safeguard may.be a basic safeguard, a supplementary safeguard, a
rd, or a reinforced:safeguard.

Installation'safeguard

tion safeguards are not controlled by the equipment manufacturer, although
hstallation safeguards may be specified in the equipment installation instruct

hjury. A

1 on the

edge or

ed after
ity);
e to be

ntended

double

n some
ons.

Generally~"with respect to equipment, an installation safeguard is a supplen

safeguard.

nentary

NOTE Forexample, the supplementary safeguard providing protective earthing is located partly in the equipment
and partly in the installation. The supplementary safeguard providing protective earthing is not effective until the

equipmen

t is connected to the protective earthing of the installation.

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

A personal safeguard may be a basic safeguard, a supplementary safeguard, or a
reinforced safeguard.

Requirements for personal safeguards are not addressed in this document. However, this
document does assume that personal safeguards are available for use as specified by the
manufacturer.

0.5.5 Behavioural safeguards

0.5.5.1 Introduction to behavioural safeguards

In the albsence of an equipment, installation, or personal safeguard, a person caln use a
specific| behaviour as a safeguard to avoid energy transfer and consequent”inpjury. A
behavioural safeguard is a voluntary or instructed behaviour intended to reduce the likelihood
of transfer of energy to a body part.

safeguadrd is associated with a specific kind of person. An instructional safeguard i usually
addressied to an ordinary person, but can also be addressed to'an instructed pergon or a
skilled [person. A precautionary safeguard is used by anjinstructed person.|A skill
safegugdrd is used by a skilled person.

Three kinds of behavioural safeguards are specified in this document. Each kind of berﬂavioural

As an equipment safeguard provides protection fopyall persons, it is preferred above a
behavioural safeguard. However, in certain situations a precautionary safeguard of a skill
safeguard is accepted as a replacement of an equipment safeguard.

0.5.5.2 Instructional safeguard

An instfuctional safeguard is a means of'providing information, describing the existence and
location| of an energy source capable of ‘causing pain or injury, and is intended to ihvoke a
specific|behaviour on the part of a person to reduce the likelihood of transfer of energy to a
body part (see Annex F).

An instructional safeguard may be a visual indicator (symbols or words or both) or anlaudible
messagg, as applicable tolthe expected use of the product.

When agcessing locations where the equipment needs to be energized to perform a|service
activity,[ an instructional safeguard can 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 pr claSs*3 energy source.

If equil afeguards would interfere with or prohibi cfion, an
instructional safeguard may replace an equipment safeguard.

If exposure to an energy source capable of causing pain or injury is essential to the correct
functioning of equipment, an instructional safeguard may be used to ensure protection of
persons instead of another safeguard. Consideration should be given as to whether the
instructional safeguard should use a personal safeguard.

Provision of an instructional safeguard does not result in an ordinary person becoming an
instructed person (see 0.5.5.3).
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0.5.5.3 Precautionary safeguard (used by an instructed person)

A precautionary safeguard is the training and experience or supervision of an instructed
person by a skilled person to use precautions to protect the instructed person against class 2
energy sources. Precautionary safeguards are not specifically prescribed in this document
but are assumed to be effective when the term instructed person is used.

During equipment servicing, it is possible that an instructed person will need to remove or
defeat an equipment safeguard. In this case, an instructed person is expected to then apply
precaution as a safeguard to avoid exposure to class 2 energy sources.

0.5.5.4 Skill safeguard (used by a skilled person)

A skill lafeguard is the education, training, knowledge and experience of the skiled|person
that is Uised to protect the skilled person against class 2 or class 3 energy sourcgs. Skill
safegudrds are not specifically prescribed in this document but are assumed- to’ be ¢ffective
when the term skilled person is used.

an equipment safeguard. In this case, a skilled person is expectedto then apply skill as a

During }quipment servicing, it is possible that a skilled person will need’'to remove or defeat
safegugrd to avoid injury.

0.5.6 Safeguards during ordinary or instructed person Service conditions

During grdinary person or instructed person service conditions, safeguards for such persons
can be applicable. Such safeguards may be equipment safeguards, personal safeguards,
or instrfictional safeguards.

0.5.7 Equipment safeguards during skilled person service conditions

During skilled person service conditionsy equipment safeguards should be proyided to
protect jagainst the effects of a body's. involuntary reaction (for example, startle) that might
cause upintentional contact with a class™3 energy source located outside the view of thg skilled
person|

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

0.5.8 Examples of safeguard characteristics

Table 3|lists some examples of safeguard characteristics.
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Table 3 — Examples of safeguard characteristics

Safeguard

Basic
safeguard

Supplementary
safeguard

Reinforced
safeguard

Equipment safeguard:

a physical part of an
equipment

Effective under normal
operating conditions

Effective in the event of
failure of the basic
safeguard

Effective under normal
operating conditions
and in the event of a
single fault condition
elsewhere in the
equipment

Example: basic
insulation

Example: supplementary
insulation

Example: reinforced
insulation

Example: normal

Example: fire enclosure

Not applicable

temperatures below
ignition temperatures

Installation safeguard:

a physicjl part of a man-
made ingtallation

Effective under normal
operating conditions

Effective in the event of
failure of an equipment
basic safeguard

Effective ander ngrmal
operating 'conditjons
and_in the event df a
single fault condjition
elsewhere in the
equipment

Example: wire size

Example: overcurrent
protective device

Example: socket-¢utlet

Persongl safeguard:

a physicil device worn
on the bpdy

In the absence of any

equipment safeguard,
effective under normal
operating conditions

Effective in the event of
failure of an equipment
basic safeguard

In the absence offany
equipment safeguard,
effective under ngrmal
operating conditjons
and in the event df a
single fault condjition
elsewhere in the
equipment

Example: gloves

Example: insulating floor
mat

Example: electrically-
insulated glove fof
handling live conductors

a voluntary or instructed
behaviolir intended to
reduce the likelihood of
transfer [of energy to a
body paft

Instructjonal safeguard:

In the absence of-any

equipment safeguard,
effective undernormal
operating.conditions

Effective in the event of
failure of an equipment
basic safeguard

Only effective on pn
exceptional basis] when
providing all apprpriate
safeguards woul
prevent the intended
functioning of the
equipment

Example: instructional

safeguard to disconnect
telecommunication cable
before opening the cover

Example: after opening a
door, an instructional
safeguard against hot
parts

Example: instructional
safeguard of hot parts in
an office photocopier, or
a continuous roll paper
cutter on a commercial
printer

0.6 Electrically-caused pain or injury (electric shock)

0.6.1

Models for electrically-caused pain or injury

Electrically-caused pain or injury can occur when electrical energy capable of causing pain or
injury is transferred to a body part (see Figure 3).

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

— the first electrical contact is between a body part and a conductive part of the equipment;

— the second electrical contact is between another body part and

e earth, or

e another conductive part of the equipment.
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Energy source @

Energy
transfer
mechanism

Energy
source

Prospective touch

Two electrical
contacts

voltage or
touch current

Body resistance

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

Dependjng on the magnitude, durationy,wave shape, and frequency of the current, the gffect on
the humlan body varies from undetectable to detectable to painful to injurious.

0.6.2 Models for protection against electrically-caused pain or injury

One or|more safeguards) are interposed between an electrical energy source capable of
causing|pain or injury and a body part to protect against electrically-caused pain or injury (see
Figure 4).

Ener
sourgg - Safeguard |:> Body

Prospective touch
voltage and
touch current

Electrical
insulation

Body resistance

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

Protection against electrically-caused pain is provided under normal operating conditions and
abnormal operating conditions. For such protection, under normal operating conditions
and abnormal operating conditions, a basic safeguard is interposed between an electrical
energy source capable of causing pain and an ordinary person.
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The most common basic safeguard against an electrical energy source capable of causing
pain is electrical insulation (also known as basic insulation) interposed between the energy
source and a body part.

Protection against electrically-caused injury is provided under normal operating conditions,
abnormal operating conditions, and single fault conditions. For such protection, under
normal operating conditions and abnormal operating conditions, both a basic safeguard
and a supplementary safeguard are interposed between an electrical energy source capable
of causing injury and an ordinary person (see 4.3.2.4), or an instructed person (see 4.3.3.3).
In the event of a failure of either safeguard, the other safeguard becomes effective. The
supplementary safeguard against an electrical energy source capable of causing injury is
placed between the basic safeguard and a body part. A supplementary safeguard may be
additiongtetectricatinsutation{tsupptementary-insutation)joraprotectivety-earthedconductive
barrier @r other construction that performs the same function.

Another| safeguard against an electrical energy source capable of causing injury is electrical
insulatign (also known as double insulation or reinforced insulation) placed between the
energy source and a body part.

Likewis¢, a reinforced safeguard may be placed between an electrical energy source [capable
of causihg injury and a body part.

0.7 Ellectrically-caused fire
0.7.1 Models for electrically-caused fire

Electrically-caused fire is due to conversion of¢electrical energy to thermal enerpy (see
Figure 8), where the thermal energy heats a fuel material followed by ignition and compustion.

Energy
source

L

Energy
transfer - F;'lel. |
mechanism materia

Electrical energy
conyersion to
thermal’energy

Material

Conduction,
convection,
radiation

exceeds ignition
temperature

IEC

Figure 5 — Model for electrically-caused fire

Electricak’€nergy is converted to thermal energy either in a resistance or in an ar¢ and is
transfer i TOTT; TOTT, Tatior. ral heats,
it chemically decomposes into gases, liquids and solids. When the gas is at its ignition
temperature, the gas can be ignited by an ignition source. When the gas is at its spontaneous
ignition temperature, the gas ignites by itself. Both result in fire.

0.7.2 Models for protection against electrically-caused fire

The basic safeguard against electrically-caused fire (see Figure 6) is that the temperature of
a material, under normal operating conditions and abnormal operating conditions, does
not cause the material to ignite.

The supplementary safeguard against electrically-caused fire reduces the likelihood of ignition
or, in the case of ignition, reduces the likelihood of spread of fire.
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Fuel
Safeguard |:> material

Material does not

Electrical energy

conversion to Th_etrmal exceed ignition
thermal energy resistance temperature
( ) 4 A ( A\

Energy ‘ Fuel |:> Safeguard
source material

Enclosure

Electrical energy

Fuel
ignition

contains the
fire

conversion to
thermal energy

IEC
Figure 6 — Models for protection.against fire

0.8

njury caused by hazardous substances
Injury cdused by hazardous substances is due@o a chemical reaction with a body part. The

extent of injury by a given substance depends ‘6n both the magnitude and duration of exposure
and on the body part susceptibility to that substance.

The bagic safeguard against injury caused by hazardous substances is containment of the
material.

Supplementary safeguards against injury caused by hazardous substances may inglude:

— a sefond container or-a-spill-resistant container;

contpinment trays;

tamper-proof screws to prevent unauthorized access;

instructional safeguards.

Nationa| and-regional regulations govern the use of and exposure to hazardous substances
used inlegquipment. These regulations do not enable a practical classification of ha;ardous
substances in the manner in which other energy sources are classified in this document.
Therefore, energy source classifications are not applied in Clause 7.

0.9 Mechanically-caused injury

Mechanically-caused injury is due to kinetic energy transfer to a body part when a collision
occurs between a body part and an equipment part. The kinetic energy is a function of the
relative motion between a body part and accessible parts of the equipment, including parts
ejected from the equipment that collide with a body part.

Examples of kinetic energy sources are:

— body motion relative to sharp edges and corners;
— part motion due to rotating or other moving parts, including pinch points;

— part motion due to loosening, exploding, or imploding parts;
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— equipment motion due to instability;

— equipment motion due to wall, ceiling, or rack mounting means failure;

— equipment motion due to handle failure;

— part

motion due to an exploding battery;

— equipment motion due to cart or stand instability or failure.

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

source.

— roun

— ane
— asa
- mea
— mea
— robu
— robu
— mea
The sug
energy 9§
— inst
— instr
— addi

Basic safeguards may include:

ded edges and corners;

closure to prevent expelling a moving part;

ety interlock to control access to an otherwise moving part;

hs to stop the motion of a moving part;

hs to stabilize the equipment;

st handles;

st mounting means;

hs to contain parts expelled during explosion or implosion.

plementary safeguard against mechanically-caused injury is a function of the
source. Supplementary safeguards may include:

'uctional safeguards;

Lictions and trainings;

ional enclosures or barriers;

— safefty interlocks.

The rei
energy 1

— extrd
— rack

nforced safeguard against mechanically-caused injury is a function of the
source. Reinforced safeguards may include:

thick glass on the front-of a CRT;

slide-rails and means of support;

— safety interlock.

010 T
0.10.1

Therma

hermally-caused injury (skin burn)
Models for thermally-caused injury

ly=Caused injury can occur when thermal energy capable of causing injury is tra

specific

specific

hsferred

to a bod

vy part{see Figure 7).

Thermal energy transfer occurs when a body touches a hot equipment part. The extent of injury
depends on the temperature difference, the thermal mass of the object, rate of thermal energy

transfer

to the skin, and duration of contact.
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One or

pain or [njury and<an-ordinary person (see Figure 8).
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Energy source
Body part

Energy
transfer
mechanism

Energy
source

Body part
touches
hot part

Body part
thermal
resistance

Temperature,
material,
mass, etc.

Figure 7 — Schematic and.model for thermally-caused injury

ng on the temperature, contact duration, material properties, and mass of the 1
eption of the human body'\varies from warmth to heat that can result in pain

Models for protection against thermally-caused pain or injury

more safeguards are interposed between a thermal energy source capable of

EC

naterial,
DI injury

causing

s || |
N

Body part

Temperature,
material,
mass, etc.

Thermal
insulation

thermal
resistance

IEC

Figure 8 — Model for protection against thermally-caused injury

Under normal operating conditions and abnormal operating conditions, protection is used
against thermally-cause pain. For such protection, a basic safeguard is interposed between a

thermal

energy source capable of causing pain and an ordinary person.
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Under normal operating conditions, abnormal operating conditions and single fault
conditions, protection is used against thermally-caused injury. For such protection, a basic
safeguard and a supplementary safeguard are 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 placed between the energy source and a body part. In some cases, a basic
safeguard against a thermal energy source capable of causing pain or injury can be an
instructional safeguard identifying the hot parts and how to reduce the likelihood of injury. In
some cases, a basic safeguard reduces the likelihood of a non-injurious thermal energy source
from becoming a thermal energy source capable of causing pain or injury.

Examplé¢s of such basic safeguards are:

— control of electrical energy being converted to thermal energy (for example, a‘'thermostat);
— heatf|sinking, etc.
The supplementary safeguard against a thermal energy source capableCof causing jinjury is
thermal|insulation placed between the energy source and a body._part. In some dases, a
supplementary safeguard against a thermal energy source capable‘of causing pain or injury

can be an instructional safeguard identifying the hot parts and’how to reduce the likelihood
of injuryl.

0.11 Rfadiation-caused injury

Radiatign-caused injury within the scope of this document is generally attributed to one of the
following energy transfer mechanisms:

— heating of a body organ caused by exposure*to non-ionising radiation, such as the highly
localised energy of a laser impinging on the retina; or

— audifory injury caused by over stimulation of the ear by excessive peaks or sustained loud
sound, leading to physical or nervecdamage; or

— X-rafiation; or
— UV nadiation.

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

The basic safeguard against radiation-caused injury is containment of the energy within an
enclosyre that is opaque to the radiated energy.

There pre Several supplementary safeguards against radiation-caused injufy. The
supplementary safeguards can include safety interlocks to disconnect power| to the
generatpritamper-proof screws to prevent unauthorized access, etc.

The basic safeguard against auditory injury is to limit the acoustic output level of personal
music players and their associated headphones and earphones.

Examples of supplementary safeguards against auditory pain and injury are the provision of
warnings and information advising the user how to use the equipment correctly.
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AUDIO/VIDEO, INFORMATION AND
COMMUNICATION TECHNOLOGY EQUIPMENT -

Part 1: Safety requirements

1 Scope

This part of IEC 62368 is applicable to the safety of electrical and electronic equipment within
the field of audio, video, information and communication technology, and businessarnd office
machings with a rated voltage not exceeding 600 V. This document does. ‘not|include
requirerents for performance or functional characteristics of equipment.

NOTE 1 |Examples of equipment within the scope of this document are given in Annex A.

NOTE 2 |A rated voltage of 600 V is considered to include equipment rated 400/690 V)

Explangtory information related to this document is contained in,IEC TR 62368-2. It provides
rational¢ together with explanatory information that can be helpful_to apply to this docyment.

This dogument is also applicable to:

components and subassemblies need not comply,with every requirement of this document,
provjided that the complete equipment, incorporating such components and subassemblies,
doeg comply;

— components and subassemblies intended for _.inCcorporation in this equipme}. Such

— external power supply units intended to_primarily supply equipment within the scopg of this
document;

— accgssories intended to be used with equipment within the scope of this document

— large equipment installed inrestricted access areas. For equipment having large
machinery aspects, additional\requirements can apply; and

— equipment to be used inyropical regions.

This dofument also ineludes requirements for audio/video, information and commulnication
technolggy equipment intended to be installed in an outdoor location. The requirements for
outdoofl equipment-also apply, where relevant, to outdoor enclosures suitable for direct
installatjon in the\field and supplied for housing audio/video, information and commujnication
technolggy eguipment to be installed in an outdoor location. See Annex Y for |specific
construg¢tion requirements not covered elsewhere in this document.

This document harmonizes with IEC 61140 and gives consideration to the electrical installation
by properly interfacing with the common safety aspects of the installation.

Each installation can have particular requirements. In addition, requirements for protection of
the outdoor equipment against the effects of direct lightning strikes are not covered by this
document.

NOTE 3 For information on this subject, see IEC 62305-1.

This document assumes a maximum altitude of 2 000 m unless otherwise specified by the
manufacturer.

Additional requirements for equipment having the capability to supply or receive DC power over
commonly used communication cables, such as USB or Ethernet (PoE), are given in
IEC 62368-3. IEC 62368-3 does not apply to:
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— equipment supplying or receiving power using proprietary connectors; or
— equipment using a proprietary protocol to enable the power transfer.
This document specifies safeguards for ordinary persons, instructed persons, and skilled

persons. Additional requirements can apply for equipment that is clearly designed or intended
for use by children or specifically attractive to children.

NOTE 4 In Australia, the work conducted by an instructed person or a skilled person can require formal licensing
from regulatory authorities.

NOTE 5 In Germany, in many cases a person can only be regarded as an instructed person or a skilled person
if certain legal requirements are fulfilled.

This dogument does not apply to:

— equipment with non-self-contained hazardous moving parts, such as robotic €quipment;

NOTE 6 For requirements related to robotic equipment in an industrial environment,~xsee IEQ 60204-1,
IEC §0204-11, ISO 10218-1 and ISO 10218-2.

— perspnal care robots, including mobile servant robots, physical assistant robots, angq person
carrier robots;

NOTHE 7 For requirements related to personal care robots, see ISO 13482(

— power supply systems that are not an integral part of the equipment, such ag motor-
genegrator sets, battery backup systems and distribution,transformers;

— equipment to be used in wet areas indoors.
This dogument does not address:

— manpfacturing processes except for routine(tests;

— injurjous effects of gases released by thermal decomposition or combustion;
— disppsal processes;

— effegts of transport (other than as’specified in this document);

— effe¢ts of storage of materials;'‘components, or the equipment itself;

— the Ikelihood of injury from particulate radiation such as alpha particles and beta pprticles;
— the
— expgsure to chemigals other than as specified in Clause 7;

se of the equipmentiin oxygen-enriched or explosive atmospheres;

— electrostatic diseharge events;
— expgsure to(electromagnetic fields;
— envifonmental aspects; or

— requjirements for functional safety, except for those related to work cells.

NOTE 8 For specific functional and software safety requirements of electronic safety-related systems (for example,
protective electronic circuits), see IEC 61508-1.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

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

IEC 60038, IEC standard voltages
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IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-11, Basic environmental testing procedures — Part 2-11: Tests — Test Ka: Salt mist

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

IEC 60073, Basic and safety principles for man-machine interface, marking and identification —
Coding principles for indicators and actuators

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

IEC 600
IEC 600
IEC 600

IEC 601
transmij

IEC 601
solid ins

IEC 601
IEC 601

IEC 602
450/75(0

IEC 602
450/75(
IEC 602

IEC 602
frequen

IEC 602
Genera

85, Electrical insulation — Thermal evaluation and designation
86-4, Primary batteries — Part 4: Safety of lithium batteries
86-5, Primary batteries — Part 5: Safety of batteries with aqueous-glectrolyte

07-1:1997, Methods of measurement on receivers( for television bi
bsions — Part 1: General considerations — Measurements\atradio and video freq

12, Method for the determination of the proof and<the comparative tracking in
ulating materials

27 (all parts), Miniature fuses
27-8, Miniature fuses — Part 8: Fuse resistors with particular overcurrent prote

27-1, Polyvinyl chloride insulated cables of rated voltages up to and i
V — Part 1: General requirements

27-2:19971, Polyvinyl chloride insulated cables of rated voltages up to and i
V — Part 2: Test methods
27-2:1997/AMD1:2003

43-1, Electrie.strength of insulating materials — Test methods — Part 1: Tests &
Cies

45-1,"Rubber insulated cables — Rated voltages up to and including 450/750 V -
requitements

oadcast
uencies

dices of

ction

ncluding

ncluding

t power

- Part 1:

IEC 602
IEC 602
IEC 602

IEC 603

IEC 603

68-1:1985, Sound system equipment — Part 1. General
68-1:1985/AMD1:1988
68-1:1985/AMD2:1988

09 (all parts), Plugs, socket-outlets and couplers for industrial purposes

17 (all parts), Specifications for particular types of winding wires

IEC 60317-0-7:2017, Specifications for particular types of winding wires — Part 0-7: General
requirements — Fully insulated (FIW) zero-defect enamelled round copper wire

1 This publication was withdrawn and replaced with IEC 63294:2021.
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IEC 60317-43, Specifications for particular types of winding wires — Part 43: Aromatic polyimide
tape wrapped round copper wire, class 240

IEC 60317-56, Specifications for particular types of winding wires — Part 56: Solderable fully
insulated (FIW) zero-defect polyurethane enamelled round copper wire, class 180

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

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

IEC 60 22 4 92 Tocta nn nloptric apd Antinal fihen ~naohlna pindngy firn ~onditinpo Doyt 4 2 Test
o= T art 1 .

=1 Coto O CreCtrCarTU— optCar 1o C—CaorC o urTaCT 11T C—COTTaTtrorTs

for vertical flame propagation for a single insulated wire or cable — Procedure for!hkW pre-
mixed flame

IEC 60332-1-3, Tests on electric and optical fibre cables under fire conditions — Part 1-3: Test
for vertigal flame propagation for a single insulated wire or cable — Procedure for determination
of flaming droplets/particles

IEC 60332-2-2, Tests on electric and optical fibre cables under fire~eonditions — Part 3-2: Test
for vertigal flame propagation for a single small insulated wire or cable — Procedure for dliffusion
flame

IEC 60384-14:2013, Fixed capacitors for use in electronic equipment — Part 14: Sectional
specification — Fixed capacitors for electromagneticinterference suppression and cofpnection
to the stipply mains

IEC 60384-14:2013/AMD1:2016

IEC 60417, Graphical symbols for use, on equipment, available at http://www.graphical-
symbold.info/equipment

IEC 605929:1989, Degrees of protection provided by enclosures (IP Code)
IEC 60529:1989/AMD1:1999
IEC 60529:1989/AMD2:2013

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage systems + Part 1:
Principles, requirements’/and tests

IEC 60664-3, Insulation coordination for equipment within low-voltage systems — Part 3: Use of
coating,| potting~or moulding for protection against pollution

IEC 600691.2015, Thermal-links — Requirements and application quide

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

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

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

IEC 60695-11-5:2016, 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
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IEC 60695-11-20:2015, Fire hazard testing — Part 11-20: Test flames — 500 W flame test
methods

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

IEC 60728-11:2016, 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 607’){\ 42029 A fomatin Alactrinal annpfralc Dogt 4 (SAapaps |l rooiivamantc
oo U7 ratorrat Cere et CaT COTIT O T alt 1. oCTTCTrarTCquimrCTCTits

IEC 60138-1:2022, Thermistors — Directly heated positive temperature coefficient —| Part 1:
Genericl| specification

IEC 60747-5-5:2020, Semiconductor devices - Part 5-5: Optoelectronic devices -
Photocduplers

IEC 60825-1:2014, Safety of laser products — Part 1: Equipment classification and requirements

IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibre communication systems
(OFCSs

IEC 60825-12, Safety of laser products — Part 12: Safety of free space optical communication
systemd used for transmission of information

IEC 60851-3:2009, Winding wires — Test methods — Part 3: Mechanical properties
IEC 60851-3:2009/AMD1:2013
IEC 60851-3:2009/AMD2:2019

IEC 60851-5:2008, Winding wires\~)Test methods — Part 5: Electrical properties
IEC 60851-5:2008/AMD1:2011
IEC 60851-5:2008/AMD2:20419

IEC 60884-1, Plugs and sSocket-outlets for household and similar purposes — Part 1: (General
requirements

IEC 60896-11,~Stationary lead-acid batteries — Part 11: Vented types — General requitements
and methods of tests

IEC 60896-21- - [ =acT [ ; —Methods
of test

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

IEC 60906-1, IEC system of plugs and socket-outlets for household and similar purposes —
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. and 20 A 125 V a.c.

IEC 60947-1, Low-voltage switchgear and controlgear — Part 1: General rules

IEC 60947-5-5, Low-voltage switchgear and controlgear — Part 5-5: Control circuit devices and
switching elements — Electrical emergency stop device with mechanical latching function


https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

IEC 62368-1:2023 © |IEC 2023 - 41 -

IEC 60990:2016, 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 mm? up to 35 mm?2 (included)

IEC 60999-2, Connecting devices — Electrical copper conductors — Safety requirements for
screw-type and screwless-type clamping units — Part 2: Particular requirements for clamping
units for-conductors-above 35 mm?2 Up to 300 mm?2 ‘/inr\lurlnrl)

IEC 61051-1, Varistors for use in electronic equipment — Part 1: Generic specification

IEC 61(051-2:2021, Varistors for use in electronic equipment — Part 2: Sectional spedification
for surge suppression varistors

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

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

IEC 61058-1:2016, Switches for appliances — Part 1. \General requirements
IEC 61204-7, Low-voltage switch mode powerssupplies — Part 7: Safety requirements

IEC 61260-1:2014, Electroacoustics — Octave-band and fractional-octave-band filters + Part 1:
Specifications

IEC 61293, Marking of electricakequipment with ratings related to electrical supply + Safety
requirements

IEC 61427 (all parts), Sécondary cells and batteries for renewable energy storage — |General
requirements and methods of test

IEC TS p1430, Secondary cells and batteries — Test methods for checking the perfornmjance of
devices|designed’for reducing explosion hazards — Lead-acid starter batteries

IEC 614345 Secondary cells and batteries containing alkaline or other non-acid electrplytes —
Guide to designation of current in alkaline secondary cell and battery standards

IEC 61558-1:2017, Safety of transformers, reactors, power supply units and combinations
thereof — Part 1: General requirements and tests

IEC 61558-2-16, Safety of transformers, reactors, power supply units and combinations thereof
— Part 2-16: Particular requirements and tests for switch mode power supply units and
transformers for switch mode power supply units for general applications

IEC 61587-1:2022, Mechanical structures for electrical and electronic equipment — Tests for
IEC 60917 and IEC 60297 series — Part 1: Environmental requirements, test setups and safety
aspects

IEC 61643-11:2011, Low-voltage surge protective devices — Part 11: Surge protective devices
connected to low-voltage power systems — Requirements and test methods
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IEC 61643-331:2020, Components for low-voltage surge protection — Part 331: Performance
requirements and test methods for metal oxide varistors (MOV)

IEC 61810-1:2015, Electromechanical elementary relays — Part 1: General and safety
requirements
IEC 61810-1:2015/AMD1:2019

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

IEC 61965:2003, Mechanical safety of cathode ray tubes

IEC 61984, Connectors — Safety requirements and tests
IEC 62061, Safety of machinery — Functional safety of safety-related control systéms

IEC 621|33-1, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Safety requirements for portable sealed secondary cells, and for battefies’made from them, for
use in portable applications — Part 1: Nickel systems

IEC 621|33-2:2017, Secondary cells and batteries containing™ alkaline or other non-acid
electrolytes — Safety requirements for portable sealed secondary cells, and for batterigs made
from thgm, for use in portable applications — Part 2: Lithiuni.systems
IEC 62133-2:2017/AMD1:2021

IEC 62230, Electric cables — Spark-test method
IEC 62281, Safety of primary and secondary-lithium cells and batteries during transpornt
IEC 62440:2008, Electric cables with a-rated voltage not exceeding 450/750 V — Guidd to use
IEC 62471:2006, Photobiological.safety of lamps and lamp systems
IEC 62471-5:2015, Photobiofogical safety of lamps and lamp systems — Part 5: Image projectors

IEC 62485-2, Safety_requirements for secondary batteries and battery installations - Part 2:
Stationgry batteries

IEC 62619:2022,” Secondary cells and batteries containing alkaline or other non-acid
electrolytes— Safety requirements for secondary lithium cells and batteries, for use in industrial
applicatfons

IEC 62821-1, Electric cables - Halogen-free, low smoke, thermoplastic insulated and sheathed
cables of rated voltages up to and including 450/750 V — Part 1: General requirements

IEC 62821-22, Electric cables - Halogen-free, low smoke, thermoplastic insulated and sheathed
cables of rated voltages up to and including 450/750 V — Part 2: Test methods

IEC 62821-3, Electric cables - Halogen-free, low smoke, thermoplastic insulated and sheathed
cables of rated voltages up to and including 450/750 V — Part 3: Flexible cables (cords)

2 This publication was withdrawn and replaced with IEC 63294:2021.
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IEC 63010-1, Halogen-free thermoplastic insulated and sheathed flexible cables of rated
voltages up to and including 300/300 V — Part 1: General requirements and cables

IEC 63010-23, Halogen-free thermoplastic insulated and sheathed flexible cables of rated
voltages up to and including 300/300 V — Part 2: Test methods

IEC 63294:2021, Test methods for electric cables with rated voltages up to and including
450/750 V

ISO 37, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties

ISO 17 ImYi FH Dot H i £ L] L H
g, F1iastiCo = DTICTITITITativir Ur TicAurdr Jrupgerirics

ISO 179-1, Plastics — Determination of Charpy impact properties — Part 1. Nopcinstrumented
impact flest

ISO 18(, Plastics — Determination of Izod impact strength

ISO 304, Plastics — Thermoplastic materials — Determination of Vicat softening temperature
(VST)

ISO 527 (all parts), Plastics — Determination of tensile properties
ISO 871, Plastics — Determination of ignition temperature using a hot-air furnace

ISO 1798, Flexible cellular polymeric materials)— Determination of tensile strength and
elongation at break

ISO 1817:2022, Rubber, vulcanized or thérmoplastic — Determination of the effect of liquids
ISO 2719, Determination of flash point — Pensky-Martens closed cup method

ISO 3679, Determination of flash point — Method for flash no-flash and flash point by smpll scale
closed gqup tester

ISO 3844 (all parts),«Graphical symbols — Safety colours and safety signs

ISO 3844-2, Graphical symbols — Safety colours and safety signs — Part 2: Design pfinciples
for product safety labels

ISO 4892-14Plastics — Methods of exposure to laboratory light sources — Part 1: General
guidance

ISO 4892-2:2013, 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, Graphical symbols for use on equipment — Registered symbols, available at
http://www.graphical-symbols.info/equipment

3 This publication was withdrawn and replaced with IEC 63294:2021.
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ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs

ISO 825

6, Plastics — Determination of tensile-impact strength

ISO 9772, Cellular plastics — Determination of horizontal burning characteristics of small

specime

ns 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

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1. General

o Ff daocicn

principlg

ISO 149

ISO 212

OL
o 10T G COTgTT

93, Corrosion of metals and alloys — Accelerated testing involving cyclic. exppsure to
salt misf, "dry" and "wet" conditions

07, Corrosion tests in artificial atmospheres — Accelerated corrosion tests ipvolving
alternate exposure to corrosion-promoting gases, neutral salt-spray and drying

ISO 22479, Corrosion of metals and alloys — Sulfur dioxide testdn,a humid atmosphefe (fixed
gas method)

ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastpmers —
Tension

ASTM O

ASTM [D3574, Standard Test Methods for-Flexible Cellular Materials — Slab, Bond|

Molded

EN 503
persond
Genera

EN 503
music p

of sets Wwith headphohnes if either or both are offered separately, or are offered as one |
ent but with:standardised connectors between the two allowing to combine components

equipme
of differ

EN 503

471-98, Standard Test Method for Rubber Property — Effect of Liquids

Urethane Foams

82-1:2013, Sound system -equipment: Headphones and earphones associaf
| music players — Maximumosound pressure level measurement methodology -
method for "one package equipment"

B2-2, Sound system~equipment: Headphones and earphones associated with f

bnt manufacturers or different design

32-3:2017, Sound system equipment: Headphones and earphones associa

ed, and

ed with
Part 1:

ersonal

ayers — Maximunt sound pressure level measurement methodology — Part 2: Matching

backage

ed with
Part 3:

person

I music players — Maximum sound pressure level measurement methodology

Measurement method for sound dose management

3 Terms, definitions and abbreviated terms
3.1  Energy source abbreviated terms
Abbreviation 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
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Abbreviation Description
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 source class 1
PS2 Power source class 2
PS3 Power source class 3
RS Radiation-enrergy-sou+ee 56602
RS1 Radiation energy source class 1
RS2 Radiation energy source class 2
RS3 Radiation energy source class 3
TS Thermal energy source sée 972
TS1 Thermal energy source class 1
TS2 Thermal energy source class 2
TS3 Thermal energy source class 3
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Abbreviation

Description

AIT auto ignition temperature

AWG American wire gauge

CD compact disc

CD ROM compact disc read-only memory
CRT cathode ray tube

CcsD calculated sound dose

CTI comparative tracking index
dBFS digital signal level relative to full scale
DVD digitar versatiie aisc

E sound exposure

EIS electrical insulation system
EUT equipment under test

FIW fully insulated winding wire
GDT gas discharge tube

IC integrated circuit

ICX integrated circuit with X-capacitor function
IR infrared

LED light emitting diode

LEL lower explosion limit

LFL lower flammability limit

LFC liquid filled component

LPS limited power source

MEL momentary exposure level
MOV metal oxide varistor

NEMA National Electrical Manufaeturers Association
NiCd nickel cadmium

PIS potential ignition source

PMP personal music/player

PoE power over,Ethernet

PPE personalptotective equipment
PTC positive temperature coefficient
PTI proof‘tracking index

RC resistor-capacitor

RG risk group

Sb antimony

SEL sound exposure level

SRME slide rail mounted equipment
TSS thyristor surge suppressor

UPS uninterruptible power supply
uUsSB universal serial bus

uv ultraviolet

VDR voltage dependent resistor
VRLA valve regulated lead acid
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3.3 Terms and definitions

For the purposes of this document the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following

addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

For the convenience of the user, the defined terms are listed below in alphabetical order

indicating the number of the defined term.

Where the words "voltage" and "current" or their abbreviations are used, they are. RMJ

unless atherwise specified in this document.

b values

5VA class material 3:3.4.21
5VB class material 3.3.4.2.2
abnormal operating condition 3.3.71
accesgible 3.3.6.1
audiojamplifier 3.3.1.1
arcing [PIS 3.3.9.2
backfepd 3.3.6.2
backfepd safeguard 3.3.11.1
basic insulation 3.3.5.1
basic gafeguard 3.3.11.2
battery 3.3.17.1
button|cell battery 3.3.17.3
calculdted sound dose, CSD 3.3.19.1
cell 3.3.17.2
cheesgcloth 3.3.6.3
class llequipment 3.3.15.1
class I| construction 3.3.15.2
class || equipment 3.3.15.3
class I|l equipment 3.3.15.4
cleararpce 3.3.12.1
coin cell battery 3.3.17.3
combustible material 3.3.4.1
consumable material 3.3.16.1
coolant 3.3.6.4
creepage distance 3.3.12.2
DC voltage 3.3.14.1
device 3.3.6.5
digital signal level relative to full scale, dBFS 3.3.19.5
direct plug-in equipment 3.3.3.1
disconnect device 3.3.6.6
double insulation 3.3.5.2
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double safeguard 3.3.11.3
electrical enclosure 3.3.2.1
enclosure 3.3.2.2
equipment safeguard 3.3.11.4
explosion 3.3.16.2
explosive 3.3.16.3
external circuit 3.3.1.2
fire enclosure 3.3.2.3
fixed equipment 3.3.3.2
fully insulated winding wire, FIW 3.3.18.1
functiopal earthing 3.3.6/
functiopal insulation 3.36.3
grade of FIW 373.18.2
hand-held equipment 3.3.3.3
hazardous substance 3.3.16.4
HB40 ¢lass material 3.3.4.2.3
HB75 ¢lass material 3.3.4.24
HBF clagss foamed material 3.3.4.2.5
HF-1 class foamed material 3.3.4.2.6
HF-2 class foamed material 3.3.4.2.7
highes} specified charging temperature 3.3.17.4
installgtion safeguard 3.3.11.5
instructed person 3.3.8.1
instructional safeguard 3.3.11.6
insulat|ng liquid 3.3.5.4
intermittent operation 3.3.7.2
liquid gooling system 3.3.6.8
liquid fjlled component,/LFC 3.3.6.9
liquid fjlled component assembly, LFC assembly 3.3.6.10
loudsppaker_dtiver 3.3.6.11
lowest|specified charging temperature 3.3.17.5
mains 3343
mains transient voltage 3.3.14.2
material flammability class 3.3.4.2
maximum specified charging current 3.3.17.6
maximum specified charging voltage 3.3.17.7
mechanical enclosure 3.3.2.4
modular liquid filled component, modular LFC 3.3.6.12
momentary exposure level, MEL 3.3.19.2
movable equipment 3.3.34
non-clipped output power 3.3.7.3
non-detachable power supply cord 3.3.6.13

normal operating condition 3.3.7.4
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ordinary person

pink noise

rated durrent

rated gower

rated voltage

resistive PIS

routine test
safeguard
safety interlock
sampling test
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3.3.8.2
outdoor enclosure 3.3.2.5
outdoor equipment 3.3.3.5
outdoor location 3.3.6.14
peak response frequency 3.3.7.5
permanently connected equipment 3.3.3.6
personal safeguard 3.3.11.7
3.3.1.4
pluggable. type A equipment 3.3.3.7
pluggaple, type B equipment 3.3.3.8
pollutign degree 3.3.6715
potential ignition source, PIS 3.3.91
precautionary safeguard 373.11.8
profesgional equipment 3.3.3.9
prospective touch voltage 3.3.14.3
proteclive bonding conductor 3.3.11.9
protective conductor current 3.3.14.4
protective conductor 3.3.11.10
protective current rating 3.3.10.6
proteciive earthing 3.3.11.11
proteciive earthing conductor 3.3.11.12
3.3.10.1
rated ffequency 3.3.10.2
rated Ipad impedance 3.3.7.6
3.3.10.3
rated violtage range 3.3.10.5
3.3.10.4
reasonjably foreseeable’misuse 3.3.7.7
reinforced insulation 3.3.55
reinforced safeguard 3.3.11.13
requirgd withstand voltage 3.3.14.5
3303
restricted access area 3.3.6.16
RMS working voltage 3.3.14.6
3.3.6.17
3.3.11.14
3.3.11.15
3.3.6.18
secondary lithium battery 3.3.17.8
self-contained LFC 3.3.6.19
short-time operation 3.3.7.8
single fault condition 3.3.7.9
3.3.11.16

skill safeguard
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skilled person 3.3.8.3
solid insulation 3.3.5.6
sound exposure, E 3.3.19.3
sound exposure level, SEL 3.3.19.4
stationary equipment 3.3.3.10
stored energy mode 3.3.6.20
subassembly 3.3.6.21
supplementary insulation 3.3.5.7
supplementary safeguard 3.3.11.17
temperature limiter 3.3.13.1
tempornary overvoltage 3.3.147
thermal cut-off 3.343.2
thermgstat 373.13.3
tool 3.3.6.22
touch qurrent 3.3.6.23
transportable equipment 3.3.3.11
type test 3.3.6.24
V-0 clgss material 3.3.4.2.8
V-1 clgss material 3.3.4.29
V-2 clgss material 3.3.4.2.10
VTM-O0|class material 3.3.4.2.11
VTM-1|class material 3.3.4.2.12
VTM-2|class material 3.3.4.2.13
wirelegs power transmitter 3.3.3.12
work cell 3.3.6.25
working voltage 3.3.14.8
wrapping tissue 3.3.6.26

3.31 Circuit terms

3.3.1.1

audio amplifier

amplifyingndevice for audio signals intended to drive loudspeakers and headphones

3.3.1.2
external circuit
electrical circuit that is external to the equipment and is not mains

Note 1 to entry: An external circuit is classified as ES1, ES2 or ES3, and PS1, PS2, or PS3.

3.3.1.3

mains

AC or DC power distribution system (external to the equipment) that supplies operating power
to the equipment

Note 1 to entry: Mains include public or private utilities and, unless otherwise specified in this document, equivalent
sources such as motor-driven generators and uninterruptible power supplies.
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Note 2 to entry: Powering external circuits by using communications cables and circuits that are isolated from the
mains (for example, data, voice, PoE, USB, HDMI, Coaxial, RFT and similar circuits in Table 13) are not considered
to be mains.

3.3.1.4

pink noise

stationary random signal having normal probability distribution of instantaneous values whose
energy per unit bandwidth (4W/4f) is inversely proportional to frequency

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

Note 2 to entry: See E.2.1

3.3.2 _Enclosure terms

3.3.21
electricial enclosure
enclosyre intended as a safeguard against electrically-caused injury

[SOURCE: IEC 60050-195:2021, 195-06-13, modified — the term safeguard has been lsed]

3.3.2.2
enclosyre
housing|affording the type and degree of protection suitable fofthe intended applicatio

>

[SOURCGE: IEC 60050-195:2021, 195-02-35]

3.3.2.3
fire enclosure
enclosyre intended as a safeguard against the spread of fire from within the enclgsure to
outside the enclosure

3.3.2.4
mecharnjical enclosure
enclosyre intended as a safeguard against mechanically-caused pain and injury

3.3.2.5
outdoor enclosure
enclosyre that is intendedto provide protection from specific conditions in an outdoor lpcation

Note 1 tolentry: An @utdoor enclosure may also perform the functions of another enclosure, for example: a fire
enclosure; an electrical enclosure; a mechanical enclosure.

Note 2 to|entry: )A separate cabinet or housing into which the equipment is placed may provide the fungtion of an
outdoor ¢nclosure.

3.3.3 Equipment terms

3.3.31
direct plug-in equipment
equipment in which the mains plug forms an integral part of the equipment enclosure

3.3.3.2

fixed equipment

equipment fastened to a support, or otherwise secured in a specific location by a means defined
by the manufacturer in the installation instructions.

Note 1 to entry: Equipment that has a screw hole or other means to secure the equipment by an ordinary person,
such as for securement to a table or for earthquake protection, is not considered to be fixed equipment.

Note 2 to entry: Typically, fixed equipment will be wall, ceiling or floor mounted.
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[SOURCE: IEC 60050-826:2022, 826-16-07, modified — Addition of the requirement for defining
the means in the installation instructions, and addition of notes to entry.]

3.3.3.3

hand-held equipment

movable equipment, or a part of any kind of equipment, that is intended to be held in the hand
during normal use

3.3.3.4
movable equipment
equipment that is either:

— 18 kg or1ess Im mass and 15 not fixed equipment; or

— provjded with wheels, casters, or other means to facilitate movement by an ordinary|person
as rg¢quired to perform its intended use

3.3.35
outdoor equipment
equipment that is installed or exposed in an outdoor location, specjfied”by the manufacturer
to complly wholly or in part under specific conditions

Note 1 to|entry: Transportable equipment, for example, a laptop or notebeok’computer, or a telephone, is not
outdoor ¢quipment unless specified by the manufacturer for continuous usetin an outdoor location.

3.3.3.6
permanjently connected equipment
equipm%nt that can only be electrically connected to ardisconnected from the mains by|the use
of a tool

3.3.3.7
pluggable equipment type A
equipment that is intended for connection*to the mains via a non-industrial plug and|socket-
outlet or via a non-industrial appliance(coupler, or both

Note 1 to entry: Examples are plugshand socket-outlets covered by standards such as IEC TR 6P083 and
IEC 60320-1.

3.3.3.8
pluggable equipment type B
equipment that is intended for connection to the mains via an industrial plug and socket-outlet
or via an industrialkappliance coupler, or both

Note 1 tolentry: <Examples are plugs and socket-outlets covered by standards such as IEC 60309-1.

3.3.3.9
professiomatequipment
equipment for use in trades, professions or industries and which is not intended for sale to the
general public

[SOURCE: IEC 60050-161:1990, 161-05-05, modified — Note deleted.]

3.3.3.10
stationary equipment

— fixed equipment, or
— permanently connected equipment, or

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

Note 1 to entry: Stationary equipment is neither movable equipment nor transportable equipment.
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3.3.3.11
transportable equipment
equipment that is intended to be routinely carried

Note 1 to entry: Examples include notebook computers, CD players and portable accessories, including their
external power supply units.

3.3.3.12

wireless power transmitter

equipment that uses electromagnetic fields to transfer electrical power for charging battery
operated hand-held devices

3.3.4 _Flammability terms

3.3.4.1
combustible material
material that is capable of being ignited or burned

Note 1 to|entry: All thermoplastic materials are considered capable of being ignited _6r-burned regardli¢ss of the
material flammability class.

3.3.4.2
materiatll flammability class
recognifion of the burning behaviour of materials and their abitity to extinguish if ignite

o

Note 1 to| entry: Materials are classified when tested in accordanee with IEC 60695-11-10, IEC 606/95-11-20,
ISO 9772|or ISO 9773.

3.3.4.2.1
S5VA class material

material tested in the thinnest significant thickness used and classified 5VA accofding to
IEC 60695-11-20

3.3.4.2.2
5VB class material

material tested in the thinnest-significant thickness used and classified 5VB accofding to
IEC 60695-11-20

3.3.4.2.8
HB40 class material

material tested in.the' thinnest significant thickness used and classified HB40 accofding to
IEC 60695-11-10

3.3.4.2.4
HB75 class’material

material 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 according
to 1ISO 9772

3.3.4.2.6

HF-1 class foamed material

foamed material tested in the thinnest significant thickness used and classified HF-1 according
to 1ISO 9772
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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 1ISO 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 606

95-11-10

3.3.4.2.9
V-1 class material

materia
IEC 606

3.3.4.2.

tested In the thinnest significant thickness used and classified V-1 acco
95-11-10

10

V-2 clags material

materia
IEC 606

3.3.4.2.
VTM-0 ¢
materia
ISO 977

3.3.4.2.
VTM-1 ¢
materia
ISO 977

3.3.4.2.
VTM-2 ¢
materia
ISO 977

3.3.5
3.3.51

basic in
insulatid

Note 1 to

tested in the thinnest significant thickness used and classified V-2 acco
95-11-10

11
tlass material

tested in the thinnest significant thickness used_and classified VTM-0 acco
3

12
tlass material

tested in the thinnest significant thickness used and classified VTM-1 acco
3

13

tlass material

tested in the thinnest significant thickness used and classified VTM-2 acco
3

Electrical insulation

sulation
n to provide a basic safeguard against electric shock

entry: jThis concept does not apply to insulation used exclusively for functional purposes.

Fding to

rding to

rding to

rding to

rding to

3.3.5.2
double

insulation

insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60050-195:2021, 195-06-08]

3.3.5.3

functional insulation
insulation between conductive parts which is necessary only for the proper functioning of the
equipment
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3.3.5.4
insulating liquid
insulating material consisting entirely of a liquid

[SOURCE: IEC 60050-212:2010, 212-11-04]

3.3.5.5

reinforced insulation

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

3.3.5.6
solid insulation
insulatign consisting entirely of solid material

[SOURCE: IEC 60050-212:2015, 212-11-02, modified — replacement of “insulating material”
with “ingulation” and replacement of “solid” with “solid material”.]

3.3.5.7
supplementary insulation
indepenident insulation applied in addition to basic insulation. to’ provide a supplementary
safegudrd for fault protection against electric shock

3.3.6 Miscellaneous

3.3.6.1
accessible
touchablle by a body part

Note 1 tolentry: A body part is represented by ong '@r more of the probes specified in Annex V, as applicable.

3.3.6.2
backfegd
conditiop in which a voltage or gnergy available within a battery backed up supply is fied back
to any df the input terminals, either directly or by a leakage path while operating in thg stored
energy mode and with maihs power not available

3.3.6.3
cheesecloth

bleacheld cotton,c}oth of approximately 40 g/m?

Note 1 tolentry. )Cheesecloth is a coarse, loosely woven cotton gauze, originally used for wrapping chegqgse.

3.3.6.4
coolant
a liquid or gas medium by means of which heat is transferred

[SOURCE: IEC 60050-441:1996, 411-44-02]

3.3.6.5
device
material element or assembly of such elements intended to perform a required function

Note 1 to entry: A device may form part of a larger system (for example, a server node installed in a rack system).

[SOURCE: IEC 60050-151:2001, 151-11-20, modified — Addition of the text within parenthesis
in Note 1 to entry.]
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3.3.6.6

disconnect device

means to electrically disconnect equipment from the mains that, in the open position, complies
with the requirements specified for isolation

3.3.6.7

functional earthing

earthing a point or points in a system or in an installation or in equipment, for purposes other
than electrical safety

[SOURCE: IEC 60050-195:2021, 195-01-13, modified — Addition of “a point or points in a
system or in an installation or in equipment”.]

3.3.6.8
liquid clooling system
system that circulates and cools liquid used for decreasing the temperature of a devic

W

[SOURCE: IEC 60050-851:2008, 851-14-48, modified — Replacement~of)“equipmenlt of arc
welding|and allied processes” with “device”.]

3.3.6.9
liquid filled component
LFC
constituent part of a device which cannot be physically divided into smaller parts withoyit losing
its partigular function and through which the coolant passes

EXAMPLEHE: Cold plate, tubing, fittings and interconnects.

[SOURCE: IEC 60050-151:2001, 151-11-21, modified — Replacement of the mgfin term
“‘compomnent” with “liquid filled component”, addition of “through which the coolant passes” in
the definition, and addition of examples.]

3.3.6.10
liquid filled component assembly
LFC assembly

set of components, at least one.of which is a liquid filled component, assembled intoja single
unit

EXAMPLE: Assembly of cold plate, tubing, fittings and interconnects or any combination thereof.

[SOURCE: IEC 60050-904:2014, 904-01-08, modified — Replacement of the mgfin term
“electronic assembly” with “liquid filed component assembly”, and in the definition replacement
of “an electronie:component” with “a liquid filled component”.]

3.3.6.11
loudspeaker driver

transducer by which acoustic waves are obtained from electrical oscillation waves and designed
to radiate acoustic power into the surrounding medium

3.3.6.12

modular liquid filled component

modular LFC

device which contains a liquid filled component assembly which relies on external
connections to complete the liquid cooling system

EXAMPLE: Examples are cooling distribution unit or facility water system for operation.

3.3.6.13

non-detachable power supply cord

flexible power supply cord affixed to or assembled to the equipment and that cannot be removed
from the equipment without the use of tools
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3.3.6.14

outdoor location

location for equipment where protection from the weather and other outdoor influences provided
by a building or other structure is limited or non-existent

3.3.6.15
pollution degree
numeral characterizing the expected pollution of the micro-environment

[SOURCE: IEC 60050-581:2008, 581-21-07]

3.3.6.16

restrictpdaccess area
area agcessible only to skilled persons and to instructed persons with the| proper
authorization

3.3.6.17
routine|test
test to Wwhich each individual device is subjected during or after manufacture to ascertain
whether] it complies with certain criteria

[SOURCE: IEC 60664-1:2020, 3.1.42, modified — Replacement of “conformity test” with “test”,
replacefment of “item” with “device”, addition of “to ascertain‘whether it complies witH certain
criteria”|]

3.3.6.18
sampling test
test on @ number of devices taken at random from;a batch

[SOURCE: IEC 60664-1:2020, 3.1.43]

3.3.6.19
self-contained LFC
device which contains a completediquid cooling system

Note 1 to|entry: A self-contained LFC comprising of multiple modular LFCs is considered a modular|LFC with
regards tq G.15.

3.3.6.20
stored ¢nergy mode
stable mode of gperation that a battery backed up supply attains under specified condjtions

Note 1 tolentry: ;In accordance with IEC 62040-1:2017, the specified conditions are as follows:

— AC input pewer is disconnected or is out of required tolerance;

— operating power and output power is supplied by the energy storage device;

— the load is within the specified rating of the battery backed up supply.

3.3.6.21

subassembly

unit assembled separately and designed to be incorporated with other units into a larger
manufactured product and that cannot work independently from the final product

Note 1 to entry: A subassembly shall be regarded as a component in the final product.

3.3.6.22
tool
object that can be used to secure or release a screw, latch or similar fixing means

Note 1 to entry: Examples of tools include coins, tableware, screwdrivers, pliers, etc.
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3.3.6.23

touch current

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

3.3.6.24

type test

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

3.3.6.25

work cell
space Within the equipment of such size that a person can enier compleiely or partially (for
example, entire limb or head) for servicing or operating the equipment and wherecimeg¢hanical
hazards|can be present

Note 1 to| entry: A work cell can contain more than one compartment. A compartment(@anh be used [for either
operational or service purposes.

Note 2 tolentry: The equipment containing the work cell is typically installed within(a-restricted access|area.

3.3.6.26
wrapping tissue
tissue between 12 g/m2 and 30 g/m?2

Note 1 tolentry: The wrapping tissue is soft, thin, usually translucent paper used for wrapping delicate grticles.
3.3.7 Operating and fault conditions

3.3.71
abnormal operating condition
tempordry operating condition that is not:a“normal operating condition and is not a single
fault cogndition of the equipment itself

Note 1 tolentry: Abnormal operating conditions are specified in Clause B.3.
Note 2 tolentry: An abnormal operating condition can be introduced by the equipment or by a person.

Note 3 to entry: An abnormaloperating condition can result in a failure of a component, a device or a safeguard.

3.3.7.2
intermittent operation
operatidn in a serjes of cycles, each composed of a period of operation followed by & period
with the|equipment switched off or running idle

3.3.7.3
non-clipped output power

sine wave power dissipated in the rated load impedance, measured at the test frequency at
the onset of clipping on either one or both peaks

Note 1 to entry: See Annex E.

3.3.7.4

normal operating condition

mode of operation that represents as closely as possible the range of normal use that can
reasonably be expected

Note 1 to entry: Unless otherwise specified in this document, the most severe conditions of normal use are the most
unfavourable default values as specified in Clause B.2.

Note 2 to entry: Reasonably foreseeable misuse is not covered by normal operating conditions. Instead, it is
covered by abnormal operating conditions.
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peak response frequency
test frequency that produces the maximum output power measured at the rated load
impedance

Note 1 to

3.3.7.6
rated lo

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

ad impedance

impedance or resistance, as declared by the manufacturer, by which an output circuit should

be termi

3.3.7.7

nated

reasonibly foreseeable misuse

use of g
from red

Note 1 to

[SOUR(
been re

3.3.7.8
short-ti

product, process or service in a way not intended by the supplier, but which/c3
dily predictable human behaviour

entry: Reasonably foreseeable misuse is considered to be a form of abnormatoperating co

LE: ISO/IEC Guide 51:2014, 3.7, modified — In the definition“product or syst
blaced by "product, process or service". The Notes to entry’have been replace

me operation

operatig

equiment is cold, the intervals after each period of ‘eperation being sufficient to a

equipm

3.3.7.9

single flault condition

conditio
(but not

Note 1 to
3.3.8

3.3.8.1
instruct
person
respons|
energy

Note 1 to
of others.

n under normal operating conditions for afspecified period, starting w

nt to cool down to room temperature

h of equipment with a fault under.normal operating condition of a single sa
a reinforced safeguard) or of a'single component or a device

entry: Single fault conditions(are specified in Clause B.4.

Persons

ed person
instructed or\supervised by a skilled person as to energy sources and Vv
ibly use equipment safeguards and precautionary safeguards with respect
sources

enfry;~ Supervised, as used in the definition, means having the direction and oversight of the pe

n result

hditions.

em" has

i.]

hen the
low the

feguard

ho can
o those

formance

Note 2 to

entry: In Germany, in many cases, a person can only be regarded as an instructed person

legal requirements are fulfilled.

3.3.8.2

ordinary person
person who is neither a skilled person nor an instructed person

[SOURCE: IEC 60050-826:2022, 826-18-03]

if certain
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3.3.8.3

skilled person

person with relevant education or experience to enable him or her to identify hazards and to
take appropriate actions to reduce the risks of injury to themselves and others

Note 1 to entry: In Germany, in many cases, a person can only be regarded as a skilled person if certain legal
requirements are fulfilled.

[SOURCE: IEC 60050-826:2022, 826-18-01, modified — The definition has been made
applicable to all types of hazards, and a new Note 1 to entry has been added.]

3.3.9 Potential ignition sources

3.3.9.1
potential ignition source
PIS
location|where electrical energy can cause ignition

3.3.9.2
arcing PIS
PIS whgre an arc can occur due to the opening of a conductor or a’contact

Note 1 to|entry: An electronic protection circuit or additional constructionak measures may be used to |prevent a
location ffom becoming an arcing PIS.

Note 2 tolentry: A faulty contact or interruption in an electric conpection that can occur in conductive patterns on
printed bdards is considered to be within the scope of this definition:

3.3.9.3
resistivie PIS
PIS whgre a component can ignite due to excessive power dissipation

Note 1 to|entry: An electronic protection circuit*er additional constructional measures may be used to [prevent a
location fjom becoming a resistive PIS.

3.3.10 | Ratings

3.3.10.1
rated cyirrent
input clirrent of the equipment, as declared by the manufacturer, at normal operating
conditions

3.3.10.
rated frequenecy
supply frequency or frequency range as declared by the manufacturer

3.3.10.3

rated power

input power of the equipment, as declared by the manufacturer, at normal operating
conditions

3.3.10.4

rated voltage

value of voltage assigned by the manufacturer to a component, device or equipment and to
which operation and performance characteristics are referred

Note 1 to entry: Equipment may have more than one rated voltage value or may have a rated voltage range.

[SOURCE: IEC 60664-1:2020, 3.1.17]
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3.3.10.5

rated voltage range

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

3.3.10.6

protective current rating

current rating of an overcurrent protective device that is in the building installation or in the
equipment to protect a circuit

3.3.11 Safeguards

3.3.11.1
backfegd safeguard
control $scheme that reduces the risk of electric shock due to backfeed

3.3.11.

basic safeguard
safeguadrd that provides protection under normal operating conditions-and under anormal
operatihg conditions whenever an energy source capable of causing-pain or injury is|present
in the equipment

3.3.11.3
double [safeguard
safeguard comprising both a basic safeguard and a supplementary safeguard

3.3.11.1
equipment safeguard
safeguard that is a physical part of the equipment

3.3.11.
installation safeguard
safeguadrd that is a physical part of\a-man-made installation

3.3.11.4
instructional safeguard
instructilon invoking specified behaviour

3.3.11.7
personal safeguard
personal protective equipment that is worn on the body and that reduces exposure to an energy
source

Note 1 to entry: Examples are shields, goggles, gloves, aprons, face masks or breathing apparatus.

3.3.11.8

precautionary safeguard

instructed person behaviour to avoid contact with or exposure to a class 2 energy source
based on supervision or instructions given by a skilled person

3.3.11.9

protective bonding conductor

protective conductor in the equipment provided for protective equipotential-bonding of parts
required to be earthed for safety purposes

Note 1 to entry: A protective bonding conductor is internal in the equipment.
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3.3.11.10
protective conductor
conductor provided for the purposes of safety (for example, protection against electric shock)

Note 1 to entry: A protective conductor is either a protective earthing conductor or a protective bonding
conductor.

[SOURCE: IEC 60050-195:2021, 195-02-09, modified — Addition of an example in the definition,
and new Note 1 to entry.]

3.3.11.11

protective earthing
earthing—a Innini' or r\ninfc in_a Q\J/anm or in an installation or in nqnipmnnf for purposes of

electricgl safety

[SOURCE: IEC 60050-195:2021, 195-01-11, modified — Addition of ” a point or poipts in a
system pr in an installation or in equipment”.]

3.3.11.12
protective earthing conductor
protective conductor connecting a main protective earthing terminal in the equipmgnt to an
earth pdint in the building installation for protective earthing

3.3.11.13
reinfor¢ed safeguard
single spfeguard that is effective under:

— normal operating conditions;

— abneormal operating conditions; and
— single fault conditions

3.3.11.14
safeguard

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

Note 1 tolentry: See Clause 0.5 for further explanation of a safeguard.

3.3.11.15
safety interlock
means {o automatically change an energy source to a lower class energy source prigr to the
potentigl for transfer of the higher energy to a body part

Note 1 tolentry: A safety interlock encompasses the system of components and circuits that are directly involved
in the safeguard function, including electro-mechanical devices, conductors on printed boards, wiring and their
terminations, etc., as applicable.

3.3.11.16

skill safeguard

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

3.3.11.17

supplementary safeguard

safeguard applied in addition to the basic safeguard that is or becomes operational in the
event of failure of the basic safeguard
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3.3.12

3.3.12.1
clearan

Spacings

ce

shortest distance in air between two conductive parts

[SOURCE: IEC 60664-1:2020, 3.1.4]

3.3.12.2
creepage distance
shortest distance along the surface of an insulating material between two conductive parts

[SOURCE: IEC 60664-1:2020, 3.1.5, modified — In the definition, "solid" has been deleted.]

3.3.13
3.3.13.1

device

Temperature controls

or limiting the temperature of a system, either below or above, a particular v

temperEture limiter

controlli

Note 1 to

3.3.13.2

g, either directly or indirectly, the flow of thermal energy into or out of the sys

entry: A temperature limiter may be of the automatic reset or ofthe*manual reset type.

thermal cut-off

device
either d

3.3.13.3

thermo
device

or limiting the temperature of a system, under. single fault conditions, by cor
rectly or indirectly, the flow of thermal energyrinto or out of the system

stat
or maintaining the temperature ofia-system within a range by controlling, either

or indirgctly, the flow of thermal energy-into or out of the system

3.3.14

3.3.14.1
DC volt
voltage

Note 1 to
voltage a

3.3.14.2

mains t
highest

Voltages and currents

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

entry: WheTe_ peak-to-peak ripple exceeds 10 % of the average value, the requirements relatg
e applicable.

ransient voltage

blue, by
fem

trolling,

directly

d to peak

ot ettt L | : —

transients

3.3.14.3
prospective touch voltage
voltage between simultaneously accessible conductive parts or between one accessible

conduct

ive part and earth when those conductive parts are not being touched

external

[SOURCE: IEC 60050-195:2021, 195-05-09, modified — In the definition, "or between one
accessible conductive part and earth" has been added, and “by a human being or livestock”
has been deleted.]
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3.3.14.4
protective conductor current

current flowing through the protective earthing conductor under normal operating
conditions
Note 1 to entry: Protective conductor current was previously included in the term "leakage current".

3.3.14.5
required withstand voltage

peak vo

Itage that the insulation under consideration is required to withstand

3.3.14.6

RMS wqg
true RM

Note 1 to

Note 2 to
B is given|

3.3.14.7
tempor
overvol

3.3.14.8
working
voltage
voltage

Note 1 to

Note 2 to

3.3.15

3.3.15.1
class |

S value of the working voltage

entry: True RMS value of the working voltage includes any DC component of the waveform.

entry: The resultant RMS value of a waveform having an AC RMS voltage 4 and-atDC compone
by the following formula:

RMS value = (42 + B2)!/2

ry overvoltage
ge at mains power frequency of relatively long dufation

j voltage
in the rated voltage range under normal operating conditions

entry: External transient voltages are disregarded.

entry: Recurring peak voltages arexdisregarded.

Classes of equipment with respect to protection from electric shock

bquipment

equipment with basic insulation used as a basic safeguard, and with protective bong

protect

Note 1 to

ve earthing.Used as a supplementary safeguard

entry: _Class | equipment may be provided with class Il construction.

[SOUR(

LECAEC 60050-851:2008, 851-15-10, modified — The definition has been adapts

ht voltage

across any particular insulation while the gquipment is supplied at rated voltage or any

ing and

d to the

safeguard prinpipln; new Note 1 to nn’rry]

3.3.15.2

class Il

construction

part of an equipment for which protection against electric shock relies upon double insulation
or reinforced insulation

3.3.15.3

class Il

equipment

equipment in which protection against electric shock does not rely on basic insulation only,
but in which a supplementary safeguard is provided, there being no provision for protective
earthing or reliance upon installation conditions
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3.3.15.4

class Ill equipment

equipment in which protection against electric shock relies upon supply from ES1 and in which
ES3 is not generated

3.3.16 Chemical terms

3.3.16.1

consumable material

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

Note 1 tolentry: Air filters are not considered to be consumable materials.

3.3.16.2
explosipn
chemicgl reaction of any chemical compound or mechanical mixture that, when ipitiated,
undergdes a very rapid combustion or decomposition, releasing large volumes of highly heated
gases that exert pressure on the surrounding medium

Note 1 to|entry: Explosion can also be a mechanical reaction in which failurer of the container causgs sudden
release of pressure, and the contents, from within a pressure vessel. Depefding on the rate of energy rglease, an
explosionf can be categorized as a deflagration, a detonation or pressure rupture.

3.3.16.3
explosiyve
substangce or mixture of substances that can undergoa rapid chemical change with orf without
an outside source of oxygen, generating large quantities of energy generally accompanied by
hot gasg¢s

3.3.16.4
hazardgus substance
substange that has the potential for adversely impacting human health

Note 1 tolentry: The criteria for detefmining whether a substance is classified as hazardous are usually defined by
law or redulation.

3.3.17 | Batteries

3.3.17.1
battery
assembly of oné or more cells ready for use as a source of electrical energy characterized by
its voltape, size, terminal arrangement, capacity and rate capability

Note 1 tolentry: A battery pack is considered to be a battery

3.3.17.2

cell

basic manufactured unit providing a source of electrical energy by direct conversion of chemical
energy, that consists of electrodes, separators, electrolyte, container and terminals

3.3.17.3
coin or button cell battery
small, single cell battery having a diameter greater than its height
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3.3.17.4

highest specified charging temperature

highest surface temperature on the cells within the battery specified by the manufacturer
during charging of a secondary battery

Note 1 to entry: It is assumed that the end-product manufacturer is responsible to specify the safety-sensitive
temperature, voltage or current of the battery, based on the specifications provided by the battery supplier.

3.3.17.5

lowest specified charging temperature

lowest surface temperature on the cells within the battery specified by the manufacturer during
charging of a secondary battery

Note 1 to|entry: It is assumed that the end-product manufacturer is responsible to specify the safety| sensitive
temperatyre, voltage or current of the battery, based on the specifications provided by the battery stpptier.

3.3.17.6
maximym specified charging current
highest |charging current specified by the manufacturer during the charging of a secondary
battery

3.3.17.7
maximym specified charging voltage
highest |charging voltage specified by the manufacturer during the charging of a secondary
battery

3.3.17.8
secondpry lithium battery
battery|that incorporates one or more secondary{ithium cells

Note 1 td entry: Examples of a secondary lithim battery include a rechargeable lithium-ion battery, a
rechargedble lithium-polymer battery and a rechargeable lithium metal or alloy battery.

3.3.18 | FIW terms

3.3.18.1
fully inIulated winding wire

FIW
polyurethane enamelled found copper wire, class 180

Note 1 tp entry: Thewlihsulating properties are in accordance with IEC 60317-0-7, IEC 60317-56 and
IEC 60851-5:2008. THese'standards also refer to this type of wire as "zero-defect wire", which they define a$ "winding
wire that ¢xhibits no electrical discontinuities when tested under specific conditions".

Note 2 tolentry: )The term "zero-defect wire" is commonly used to refer to FIW.

3.3.18.2
grade of FIW
range of overall diameter of a wire (FIW3 to FIW9)

3.3.19 Sound exposure

3.3.19.1

calculated sound dose

CSD

one week rolling estimate of sound exposure expressed as a percentage of the maximum
regarded as safe

Note 1 to entry: See B.4 of EN 50332-3:2017 for additional information.
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3.3.19.2
momentary exposure level

MEL

metric for estimating 1 s sound exposure level from a specific test signal applied to both

channel

Note 1 to

Note 2 to

s, based on EN 50332-1:2013, 4.2

entry: MEL is measured in dB(A).

entry: See B.3 of EN 50332-3:2017 for additional information.

3.3.19.3
sound exposure

Note 1 to

3.3.19.
sound
SEL

entry: The Sl unit is Pa? s.

xposure level

logarithiic measure of sound exposure relative to a reference value, E

SEL =1

Note 1 to

Note 2 to
Note 3 to
3.3.19.
digital
dBFS

level of
scale, lq

Note 1 to

Note 2 to
wave, the

E
Dlogyo [E—]
0

entry: SEL is measured in dB(A).

entry: The reference value E is typically the 1 kHz threshold of hearing in humans.

entry: See B.4 of EN 50332-3:2017 for additional information.

ignal level relative to full scale

h DC-free 997 Hz.sine wave whose undithered positive peak value is positive d
aving the code“corresponding to negative digital full scale unused

entry: Levels reported in dBFS are always RMS.

lentry It is invalid to use dBFS for non-RMS levels. Because the definition of full scale is based
level of signals with a crest factor lower than that of a sine wave may exceed 0 dBFS. In particula

gital full

on a sine
r, square-

wave sign

als.€an reach +3,01 dBFS.

4 General requirements

4.1 General

411

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.

Classification is used throughout the document to clearly identify the energy sources, the

number

of required safeguards and the requirements for each safeguard.
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Where compliance of materials, components or subassemblies is demonstrated by inspection,
such compliance may be checked by review of published data or previous test results.

4.1.2 Use of components

Where the component, or a characteristic of a component, is a safeguard or a part of a
safeguard, components shall comply with the requirements of this document or, where
specified in a requirements clause, 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.

NOTE 2 |The applicable test for compliance with a component standard is, in general, conducted separatgly.
Where pse of an IEC component standard is permitted above, evaluation and testing of
componients shall be conducted as follows:

— acomponent shall be checked for correct application and use in accordance with its|ratings;

— a component that has been demonstrated to comply with a standard "harmonized with the
releyant IEC component standard shall be subjected to the ‘applicable tests| of this
docyment, as part of the equipment, with the exception of those tests that are paft of the
releyant IEC component standard;

— a component that has not been demonstrated to comply,with a relevant standard afs above
shal| be subjected to the applicable tests of this document, as part of the equipment, and to
the ppplicable tests of the component standard, ‘under the conditions occurring in the
equipment;

— whefe components are used in circuits not inbaccordance with their specified ratings, the
components shall be subjected to the applicable tests of the component standard, upder the
conditions occurring in the equipment._<the number of samples required for test is, in
general, the same as required by the cémponent standard.

Complignce is checked by inspectionvand by the relevant data or tests.

4.1.3 Equipment design and construction

Equipmént shall be so designed and constructed that, under normal operating condifions as
specifief in Clause B.2, abnormal operating conditions as specified in Clause B.3, and single
fault cognditions as specified in Clause B.4, safeguards are provided to reduce the likelihood
of injury| or, in the ease of fire, property damage. General test conditions are given in Clause
B.1.

Parts off equipment that could cause injury shall be provided with safeguards in accprdance
with 4.3

When the manufacturer specifies the use of a tool by an ordinary person or an instructed
person to gain access to an area, class 2 and class 3 energy sources shall not be accessible.
This includes energy sources contained in all other compartments within that area when using
the same tool, except:

— for ordinary person servicing, class 2 energy sources in accordance with 4.3.2.3, where
an instructional safeguard is shall be provided in accordance with Clause F.5, except that
element 3 is optional; or

— for instructed persons, class 2 energy sources in accordance with 4.3.3.2.

Compliance is checked by inspection and by the relevant tests.
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4.1.4 Equipment installation

Except as given in 4.1.6, equipment evaluation according to this document shall take into
account manufacturer’s instructions with regard to installation, relocation, servicing and
operation, as applicable.

Outdoor enclosures providing a safeguard function shall comply with Annex Y. Outdoor
equipment and outdoor enclosures shall be suitable for use at any temperature in the range
specified by the manufacturer. If not specified by the manufacturer, the range shall be taken
as:

— minimum ambient temperature: —33 °C;

— max{mum amplent temperature. +4U "U.

Complignce is checked by inspection and by evaluation of the data provided|by the
manufadgturer.

NOTE 1 |[The temperature values are based on IEC 60721-3-4, Class 4K2. These temperatures do not|take into
account gevere environments (for example, extremely cold or extremely warm), nor do ‘they include prdvision for
heating by radiation from the sun (solar loading).

NOTE 2 [Attention is drawn to IEC 61587-1 for additional information on performance levels C1, C2 and ¢3.
4.1.5 Constructions and components not specifically covered

Where [the equipment involves technologies, components and materials or methods of
construc¢tion not specifically covered in this document, the equipment shall provide safeguards
not less| than that generally afforded by this document and the principles of safety cgntained
herein.

The nedd for additional detailed requirements to cope with a new situation should be |brought
promptly to the attention of the appropriatelcommittee.

4.1.6 Orientation during transportand use

Where if is clear that the orientation of use of equipment is likely to have a significant gffect on
the appliication of the requirements or the results of tests, all orientations of use specifigd in the
installatjon or user instructions shall be taken into account. However, if equipment hags means
for fixing in place by an ordinary person, such as the provision of screw holes fgr direct
attachmient to a mounting surface or through the use of brackets or the like, either proviged with
the equipment or_readily available in the market, all likely positions of orientation of the
equipment shall be-taken into account, including the possibility of mounting to a nonfvertical
surface regardless of the installation or user instructions that are provided by the manufacturer.

In addit|ion, for transportable equipment, all orientations of transport shall be taken into
account:

4.1.7 Choice of criteria

Where this document 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 Liquids, refrigerants and liquid filled components (LFCs)

Unless specified as an insulating liquid, liquids shall be treated as electrically conductive
materials.

For equipment using refrigerants, see IEC 60335-2-40 and IEC 61010-2-011.
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Constructions and test requirements for pressurized LFCs used inside the equipment, where
an injury can occur within the meaning of this document due to leaks of the liquid in the LFC,
shall comply with Clause G.15. However, Clause G.15 does not apply to any of the following:

— anlL

FC that is sealed but open to the atmosphere in the equipment;

— components containing small amounts of liquids not likely to cause any injury (for example,
liquid crystal displays, electrolytic capacitors, liquid cooling heat pipes, etc.);

— wet cell batteries (for wet cell batteries, see Annex M);

— anlL

4.1.9

FC and its associated parts that comply with P.3.3.

Electrical measuring instruments

Electrical measuring instruments shall have sufficient bandwidth to provide accuratergadings,
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required

for instructed persons and skilled persons. Likewise, safeguards that are required for
instructed persons are acceptable, but are not always required for skilled persons.

A reinforced 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 of a reinforced
safeguard.

Safeguards, other than equipment safeguards, are given in specific clauses.

4.1.13

Examples mentioned in this document

Where examples are given in this document, other examples, situations, and solutions are not
excluded.
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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 document to:

— bear markings; or
— be provided with instructions; or
— be provided with instructional safeguards

shall mget the relevant requirements of Annex F.

Complignce is checked by inspection.

NOTE I 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 ¢gonnected
between the network terminals and accessible parts, have a marking stating that the‘equipment must be ¢onnected
to an earthed mains socket-outlet.

4.2 Epergy source classifications
4.2.1 Class 1 energy source

Unless ptherwise specified in this document, a class\d, source is an energy source with levels
not exceeding class 1 limits under:

— normal operating conditions; and

— abne¢rmal operating conditions that de not lead to a single fault condition; and

— singdle fault conditions that do not result in class 2 limits being exceeded.
4.2.2 Class 2 energy source

Unless ptherwise specified in this document, a class 2 source is an energy source with levels
exceedipg class 1 limits and\not exceeding class 2 limits under normal operating conditions,
abnormlal operating conditions, and single fault conditions.

4.2.3 Class 3 energy source

A class|3 source) is an energy source with levels exceeding class 2 limits under |normal
operatihg conditions, abnormal operating conditions, or single fault conditions| or any
energy source declared to be a class 3 source, as given in 4.2.4.

4.2.4 Energy source classification by declaration
The manufacturer may declare:

— aclass 1 energy source to be either a class 2 energy source or a class 3 energy source;

— aclass 2 energy source to be a class 3 energy source.
4.3 Protection against energy sources
4.3.1 General

The terms "persons”, "body", and "body parts" are represented by the probes of Annex V.
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4.3.2 Safeguards for protection of an ordinary person
4.3.2.1 Safeguards between a class 1 energy source and an ordinary person

No safeguards are required between a class 1 energy source and an ordinary person (see
Figure 9). Consequently, a class 1 energy source may be accessible to an ordinary person.

Class 1 Ol'dinal’y
energy
source person

IEC

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

4.3.2.2 Safeguards between a class 2 energy source and an ordinary’person

At least|one basic safeguard is required between a class 2 energygsource and an grdinary
person|(see Figure 10).

‘;'rf‘:rsgyz Basic |:> Ordinary
source safeguard person

IEC

Figure 10 — Model for protection of an ordinary
person against a-class 2 energy source

4.3.2.3 Safeguards between a class 2 energy source and an ordinary person during
ordinary person servicing conditions

If ordinlrry person servicing conditions require a basic safeguard to be removed or defeated,
an instructional safeguard.as described in Clause F.5 shall be provided and located|in such
a way that an ordinary person will see the instruction prior to removing or defeating the basic
safegudrd (see Figure 1.

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

— idenfify parts and locations of the class 2 energy source;

— spedifyactions 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.

cl 5 Removed or

e:esrsgy defeated ‘:> Instructional |:> Ordinary
basic safeguard person

SOLICE safeguard

IEC

Figure 11 — Model for protection of an ordinary person against a class 2
energy source during ordinary person servicing conditions
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4.3.2.4 Safeguards between a class 3 energy source and an ordinary person
Unless otherwise specified in this document,

— an equipment basic safeguard and an equipment supplementary safeguard (together
forming a double safeguard); or

— areinforced safeguard

is required between a class 3 energy source and an ordinary person (see Figure 12).

Class 3 i Ordinary
dle d O

IEC

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

4.3.3 Safeguards for protection of an instructed person
4.3.3.1 Safeguards between a class 1 energy source and-an instructed person

No safelguards are required between a class 1 energy source and an instructed persjon (see
Figure 13).

Class 1
energy l:> Instructed
source . person

IEC

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

4.3.3.2 Safeguards-between a class 2 energy source and an instructed person

An insfructed person uses a precautionary safeguard (see Figure 14). No additional
safegugdrds are-required between a class 2 energy source and an instructed person.
Consequently, ‘a-elass 2 energy source may be accessible to an instructed person.

[ 1 [

Class 2 Precautiona |:> Instructed
energy safeguard person

source

IEC

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
Unless otherwise specified in this document,

— an equipment basic safeguard and an equipment supplementary safeguard (together
forming a double safeguard); or

— areinforced safeguard
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is required between a class 3 energy source and an instructed person (see Figure 15).

4.3.4
4.3.41

No saff
Conseq

Class 3 Basic Supplementa |:> Instructed
energy safeguard E> safeguard person

source

IEC

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

pguard

Safeguards for protection of a skilled person

Safeguards between a class 1 energy source and a skilled person

is required between a class 1 energy source and a, ,skilled person.

Lently, a class 1 energy source may be accessible to a skilled persoen (see Figure 16).

Clees I:> Skilled
energy
source person

IEC

Figure 16 — Model for protection of a skilled person against a class 1 energy source

4.3.4.2

A skilld
requireg
energy

Figun

4.3.4.3

Safeguards between a class 2 energy source and a skilled person

Safeguards between a class 3 energy source and a skilled person

d person uses a skill safeguard (see Figure 17). No additional safeguajrds are
between a class 2 energy source and a skilled person. Consequently, alclass 2
source may be accessible to‘a skilled person.

Skill Skilled
safeguard person

IEC

e 17 —Maodel for protection of a skilled person against a class 2 energy squrce

A skilled person uses a skill safeguard (see Figure 18). Unless otherwise specified in this
document (for example, see 8.5.4), no additional safeguards are required between a class 3
energy source and a skilled person. Consequently, a class 3 energy source may be accessible
to a skilled person.

clEEs e Skill Skilled
energy safeguard person
source

IEC

Figure 18 — Model for protection of a skilled person against a class 3 energy source
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During equipment servicing conditions on a class 3 energy source, a safeguard intended to
reduce the likelihood of injury due to an involuntary reaction is required between:

4.3

.5 Safeguards in a restricted access area

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).

Another

Class 3
Skill Skilled class 3
energy safeguard person <:| Safeguard <:| energy

source source

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

Certain |equipment is intended for installation exclusively in restricted access areas. Such
equipment shall have safeguards as required in 4.3.3 for instructed persons and 4.3.4 for

skilled persons.

4.4

4.4

A Equivalent materials or components

Slafeguards

Where this document specifies a particular safeguard parameter, such as thermal fplass of
insulatign or material flammability class, a safeguard with a better parameter may bg used.

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

4.4

A safegluard may be comprised of\one or more elements.

4.4
4.4

.2 Composition of a safeguard

.3 Safeguard robusthess

.3.1 General

Where B solid safeguard (for example, an enclosure, barrier, solid insulation, |earthed
conductjve part{glass, etc.) is accessible to an ordinary person or to an instructed person,

the
4.4

.3.10.

safeguard-shall comply with the relevant robustness tests as specified in 4.4.3.2 to

A solid safeguard made of thermoplastic material that is not accessible shall pass the stress
relief test of 4.4.3.8.

For a safeguard that is accessible after opening an external enclosure, see 4.4.3.5.

Requirements for:

adhesion of metallized coatings; and
adhesives securing parts serving as safeguards; and
parts that can defeat a safeguard if an adhesive fails,

are specified in Clause P.4.

Unless specified otherwise, the tests are performed in the most unfavourable direction.
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Steady force tests

An enclosure or barrier that is accessible and that is used as a safeguard in:

— transportable equipment; or

— hand-held equipment; or

— direct plug-in equipment

shall be

subjected to the steady force test of Clause T.4.

A safeguard that is accessible and that only acts as a fire enclosure or fire barrier shall be
subjected to the steady force test of Clause T.3.

All othe
subjectd
equipmgd
in which

This sulj
4.4.3.3

The foll

— hang

— dire

enclosures or barriers that are accessible and that are used as a safeguard
d to the steady force test of Clause T.5. There are no requirements for|the b
ent having a mass of more than 18 kg unless the user instructions permit'an ori
the bottom of the enclosure becomes the top or a side of the equipment.

clause does not apply to glass. Requirements for glass are diven in 4.4.3.6.

Drop tests
bwing equipment shall be subjected to the drop test.of Clause T.7:

i-held equipment;
ct plug-in equipment;

- trar‘TportabIe equipment;

— mo
inten

NOTHE

of thq
— deskK

ded use, including routine relocation;

paper shredder to empty the containér.

-top equipment having a\mass of 7 kg or less that is intended for use with an

the following:

e g

o
o g
4.4.3.4
All equi

cord-connected telephone handset; or

nother cord-cannected hand-held accessory with an acoustic function; or
headset.
Impact tests
prient, other than that specified in 4.4.3.3, shall be subjected to the impac

Clause

[ 6

An example of such equipment is.alpaper shredder that rests on a waste container that require|

shall be
bttom of
entation

able equipment requiring lifting or<handling by an ordinary person as palrt of its

s removal

y one of

test of

The imp

act test of Clause T.6 is not applied to the following:

— the bottom of an enclosure, except if the user instructions permit an orientation in which
the bottom of the enclosure becomes the top or a side of the equipment;

— glass;

NOTE Impact tests for glass are in 4.4.3.6.

— the surface of the enclosure of stationary equipment, including equipment for building-in,

that

is

e not accessible; or

e protected after installation.


https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

IEC 62368-1:2023 © |IEC 2023 -77 -

4.4.3.5 Internal accessible safeguard tests

An internal solid safeguard that is accessible to an ordinary person after opening an external
enclosure and whose failure would allow class 2 or class 3 energy sources to be accessible
shall be subjected to the steady force test of Clause T.3.

4.4.3.6 Glass impact tests
The requirements below are applicable to parts made of glass, with the exception of:

— platen glass used on copiers, scanners and the like, where the glass has been subjected to
the steady force test of Clause T.3 and is provided with a cover or device to protect the
platen glass:

— CRT]s: requirements for CRTs are given in Annex U;

— glasg that is laminated or has a construction such that glass particles do notseparate from
each other if the glass is broken.

NOTE Laminated glass includes constructions such as plastic film affixed to a single\side of a glass|

Glass that is accessible to an ordinary person or to an instructed person:
— havihg a surface area exceeding 0,1 m2; or

— havipg a major dimension exceeding 450 mm; or

— that|prevents access to class 3 energy sources otherthan PS3

shall be[subjected to the glass impact test of Clause 1. 9.

4.4.3.7 Glass fixation test

Laminated glass used as a safeguard that-prevents access to class 3 energy sources other
than PS[3 shall be subjected to the followitig fixation tests:
— agl3ass impact test as given in Clause T.9 with an impact of 1 J applied three timeg; and

— a push/pull test with 10 N applied in the centre of the glass in the least favourable djrection.

NOTHE To perform the test, any'suitable method may be used, such as using suction handles or gluing|a support
to thg glass.

4.4.3.8 Thermoplastic material tests

If a safeguard is_of moulded or formed thermoplastic material, the safeguard shall be so
construgted that any shrinkage or distortion of the material due to release of internal $tresses
shall ngt defeat its safeguard function. The thermoplastic material shall be subjectefd to the
stress religf test of Clause T.8.

4.4.3.9 Air comprising a safeguard

Where a safeguard is comprised of air (for example, a clearance), a barrier or enclosure shall
prevent displacement of the air by a body part or a conductive part. The barrier or enclosure
shall comply with the mechanical strength test specified in Annex T, as applicable.

4.4.3.10 Compliance criteria
During and after the tests of 4.4.3.2 to 4.4.3.9:

— except for PS3, class 3 energy sources shall not become accessible to an ordinary person
or to an instructed person; and
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glass shall:

e not break or crack; or

e not expel pieces of glass greater than 30 g in mass or greater than 50 mm in any
dimension; or

e pass the fragmentation test of Clause T.10 on a separate test sample; and

all other safeguards shall remain effective.

4.4.4

Displacement of a safeguard by an insulating liquid

If an insulating liquid displaces air comprising a safeguard:

the 1

the
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Partial
conditid
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with An

NOTE T
insulatioh is not covered by the requirements of this document.

4.4.5

Unless
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4.5
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4.51

Explosi

cher

equirements of 5.4.12 and 6.4.9 apply to the insulating liquid; and
requirements of 5.4.2 and 5.4.3 apply to the equipment both with and. with

lating liquid present.

br total loss of the insulating liquid shall be considered an abhormal of
bn of the equipment.

pwer supplied to parts immersed in insulating liquid is disconnected in the
r total loss of the insulating liquid, the requirements of 62472 to 6.4.8 do not §

’frsed parts. An example of such a disconnect system is«a float switch system cag

ex K.

he use of insulating liquids to replace a basic insulation; a supplementary insulation or a r

Safety interlocks

btherwise specified in this document;lif a safety interlock is used as a safeg
bn against:

ss 2 or a class 3 energy source’for an ordinary person; or

ss 3 energy source for an dnstructed person,

ty interlock shall comply with Annex K.
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nical reaction;
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anical detormation OT a sealed container,

rapid combustion or decomposition, producing a large volume of hot gas;

high
high

NOTE 1
rupture.

pressure; or
temperature.

Depending on the energy rate, explosion can be categorized as a deflagration, a detonation, or pressure

NOTE 2 An ultracapacitor (for example, a double layer capacitor) is a high energy source and can explode following
overcharging and high temperature.

For requirements regarding explosion of batteries, see Annex M.
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4.5.2 Requirements

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

If an explosion occurs during single fault conditions, it shall not cause injury and the
equipment shall comply with the relevant parts of this document.

Compliance is checked by inspection and tests as specified in Clause B.2, Clause B.3 and
Clause B.4.

4.6 Fixing of conductors and conductive parts

4.6.1 Requirements

Conductors and conductive parts shall be positioned such that displacement,cannot gefeat a
safeguadrd, such as reducing clearances or creepage distances below the-values specified in
5.4.2 and 5.4.3.

The fixing of the conductors and of the conductive parts shall be such-that, if a condugtor or a
conductjve part becomes loose or detached, the conductor and,the conductive parf{ cannot
defeat g safeguard, such as reducing clearances or creepage.distances below the values
specified in 5.4.2 and 5.4.3.

EXAMPLE Examples of conductive parts are screws, nuts, washerS) springs or similar parts.
For the purpose of these requirements, it is assumedithat:

— two |ndependent fixings will not become logse or detached at the same time; and

— parts$ fixed by means of screws or nuts_provided with self-locking washers or othef means
of locking are not liable to become loosg’ or detached.

NOTE Spring washers and the like can provide satisfactory locking.
4.6.2 Compliance criteria

Complignce is checked bytinspection, by measurement or, in case of doubt, by thg test of
Clause [.2 applied in the-most unfavourable direction.

EXAMPLE Constructions tegarded as meeting the requirements include:
— close-fitting tubing(for example, a heat shrink or rubber sleeve), applied over the wire and its terminatjion;

— conduftors connected by soldering and held in place near to the termination, independently of thel soldered
connegtion;

— conduftors,connected by soldering and securely hooked in before soldering, provided that the hole throligh which

the ¢ diuectoris-naccadic naot unduly larag:
e eto5—pa e—+5Ret+dhRedry—1a+ges

— conductors connected to screw terminals, with an additional fixing near to the terminal that clamps, in the case
of stranded conductors, the insulation and not only the conductors;

— conductors connected to screw terminals and provided with terminators that are unlikely to become free (for
example, ring lugs crimped onto the conductors),however, the pivoting of such terminators is considered; or

— short rigid conductors that remain in position when the terminal screw is loosened.
4.7 Equipment for direct insertion into mains socket-outlets
4.71 General

Equipment incorporating integral pins for insertion into mains socket-outlets shall not impose
undue torque on the socket-outlet. The means for retaining the pins shall withstand the forces
to which the pins are likely to be subjected in normal use.
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4.7.2 Requirements

The mains plug part shall comply with the relevant standard for the mains plug.

The equipment is inserted, as in normal use, into a fixed socket-outlet of a configuration as
intended by the manufacturer, which is pivoted about a horizontal axis intersecting the centre
lines of the contacts at a distance of 8 mm behind the engagement face of the socket-outlet
parallel to the engagement face.

4.7.3 Compliance criteria

Compliance is checked by inspection and, the additional torque to be applied to the socket-
Outlet t(. lllcllllll‘al'll tlllU cllyayclucut fabb‘ I'Il tl‘lb' VUltI'bdl‘ IJI‘CIIIU bl‘lallll IlUt c')u,c'r;u' 0,25 l/m. The
torque tp keep the socket-outlet itself in the vertical plane is not included in this valué)

NOTE 1 |[In Australia and New Zealand, compliance is checked in accordance with AS/NZS 31412.

NOTE 2 |[In the United Kingdom, the torque test is performed using a socket-outlet complying.with BS 1368, and the
plug part ghall be assessed to the relevant clauses of BS 1363.

4.8 Ejquipment containing coin or button cell batteries
4.8.1 General
These requirements apply to equipment and remote controls that:

— are likely to be accessible to children; and
— inclyde one or more coin or button cell batteries 'with a diameter of 32 mm or les

o

These requirements do not apply to:

— proflessional equipment;
— equipment for use in locations where it is unlikely that children will be present;

— equipment for which it is unlikely_that the coin or button cell battery will be rempved by
children due to location of the\battery within the equipment; in such cases, 4.8.2 stilljapplies;

— equipment containing coin or button cell batteries that are soldered in place.
4.8.2 Instructional safeguard

Equipmént containing.one or more coin or button cell batteries shall have an instructional
safegudrd in accgrdance with Clause F.5.

replaced @rare only accessible after damaging the equipment.

The inﬁ{:ructional safeguard is not required where these batteries are not intendgd to be

The elements of the instructional safeguard shall be as follows:

— element 1a: not available
— element 2: "Do not ingest battery, Chemical Burn Hazard" or equivalent text
— element 3: the following or equivalent text

[The remote control supplied with] This product contains a coin or button cell
battery. If the coin or button cell battery is swallowed, it can cause severe
internal burns in just 2 hours and can lead to death.
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— element 4: the following or equivalent text
Keep new and used batteries away from children.

If the battery compartment does not close securely, stop using the product
and keep it away from children.

If you think batteries might have been swallowed or placed inside any part of
the body, seek immediate medical attention.

4.8.3 Construction

Equipment having a coin or button cell battery compartment, door or cover shall be designed
to reduce the possibility of children removing the coin or button cell battery. The following are
considefed acceptable:

— if a tool, such as a screwdriver or coin, is required to open or remove the coin/ o button
cell pbattery compartment, door or cover, any of the following constructions may bg used:

. one or more screws or similar fasteners is used to secure the compartment,|door or
over, a minimum of two full rotations of the screw or fastener areequired to |open or
emove the coin or button cell battery compartment, door or cover. The screw or
bstener shall be captive to the coin or button cell battery compartment, door, cover,

i
g
r
f
qr to the equipment; or
f
S
S

br a cover which is required to be rotated to be opened,;»a minimum torque of|0,5 Nm
hall be required to unlock the cover and start its rotation. A minimum rotatior] of 90 °
hall be required to remove the cover; or

br a cover which is secured by one or more latches, a minimum torque of 0,6 Nm is
pquired to release the latches.

L]
= _—h

— if no[tool is required to remove the coin or button cell battery compartment door qr cover,
either of the following shall apply for opening by hand:

e the application of a minimum of two different and interdependent movements; or

—

he application of simultaneous_movements to engage two mechanisms requiring the
yse of multiple fingers.

Complignce is checked by inspection and the applicable measurements for acg¢eptable
construgtions and by the tests 0f'4.8.4 with the compliance criteria of 4.8.5.

4.8.4 Tests
4.8.4.1 Test sequence

One sample shalllbe subjected to the applicable tests of 4.8.4.2 to 4.8.4.6. If applicgble, the
test in 4.8.4.2°8hall be conducted first.

4.8.4.2 L —Stressrelieftest

If the battery compartment utilizes moulded or formed thermoplastic materials, the sample
consisting of the complete equipment, or of the complete enclosure together with any
supporting framework, is tested according to the stress relief test of Clause T.8.

During the test, the battery may be removed.

4.8.4.3 Battery replacement test

For equipment with a battery compartment door or cover, the battery compartment shall be
opened and closed and the battery removed and replaced ten times to simulate normal
replacement according to the manufacturer’s instructions.
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If the battery compartment door or cover is secured by one or more screws, the screws are
loosened and then tightened applying a continuous linear torque according to Table 36, using
a suitable screwdriver, spanner or key. The screws shall be completely removed and reinserted
each time.

4.8.4.4

Drop test

Portable equipment having a mass of 7 kg or less are subjected to three drops from a height of
1 m onto a horizontal surface in positions likely to produce the maximum force on the battery
compartment in accordance with Clause T.7.

If the equipment is a remote control, it shall be subjected to ten drops.

4.8.4.5

The ba
perpend
Clause

- 0,5
teley

- 2J
4.8.4.6

Hand-hg
position
A crush
control
100 mm

4.8.5

Complig
door or
unfavou

direction at a time.

The bat

— the battery shall not become accessible; or

— itsh
usin

Impact test

tery compartment door or cover shall be subjected to three impacts.in a (
icular to the battery compartment door or cover according to the test md
.6 with a force of:

/ (102 mm = 10 mm height) for glasses for watching, for\@xample, 3 dimq
ision; or
408 mm + 10 mm height) for all other doors or covers.

Crush test

bld remote control devices shall be supported by a fixed rigid supporting surf,
likely to produce the most adverse results as*long as the position can be selfsu
ng force of 330 N £ 5 N is applied to the-exposed top and bottom surfaces o
evices placed in a stable condition by a flat rigid surface measuring appro
by 250 mm for a period of 10 s.

Compliance criteria

nce is checked by applying a force of 30 N + 1 N for 10 s to the battery compg
cover by the straight unjointed version of the test probe of Figure V.1 at t
rable place and in the most unfavourable direction. The force shall be applie

fery compartment door or cover shall remain functional, and:

all not:be possible remove the battery from the product with the test hook of F
) a force of approximately 20 N.

lirection
thod of

bnsional

ace in a
bported.
remote
kimately

artment
he most
Y in one

gure 20
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Dimensions in millimetres

10,1

Y

180 %1
A\
AVAN

IEC

Material: gteel

Figure 20 — Test hook

4.9 Ljkelihood of fire or shock due to entry of conductive objects

Where the entry of a conductive object from outside the equipment or from another payt of the
equipment can result in:

— bridging an ES3 circuit to accessible,\conductive parts; or

— bridging within PS3 circuits, unless:they are protected by the control fire spread method in
6.4.6,

top and|side openings above ES3 and PS3 circuits shall:

— be lgcated more than~4,8' m above the floor; or
— comply with Annex'P/

Complignce is chécked by inspection or according to Annex P.

4.10 Components requirements

4.10.1 L Biseoenneetdeviece

Equipment connected to the mains shall be provided with a disconnect device in accordance
with Annex L.

4.10.2 Switches and relays

Switches and relays located in a PS3 circuit or used as a safeguard shall comply with
Clause G.1 or Clause G.2 respectively.

4.10.3 Mains power supply cords

Power supply cords for connection to the mains shall comply with Clause G.7. A power supply
cord for connection to the mains is not considered to be external wiring.
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4.10.4 Batteries and their protection circuits

Batteries and their protection circuits shall comply with Annex M.

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 Clause 5.

52 Cf Hicati | limits-ofel ical

5.21 Electrical energy source classifications
5.2.1.1 ES1
ES1 is 4 class 1 electrical energy source with current or voltage levels:

— not ¢xceeding ES1 limits under
e normal operating conditions, and
e Jdbnormal operating conditions, and

. jingle fault conditions of a component, devicé. or insulation not serving as a
afeguard; and

— not pxceeding ES2 limits under single fault conditions of a basic safeguard|or of a
supplementary safeguard.

A protefrtive conductor is a class 1 electrical energy source.

NOTE Fpr accessibility requirements, see 5.3.1.
5.21.2 ES2
ES2 is g class 2 electrical energy source where:

— both|[the voltage and the current exceed the limits for ES1; and
— under
e normal operating conditions, and

e Jdbnormal operating conditions, and

e gingle fault conditions,

either th

NOTE For accessibility requirements, see 5.3.1.
5.2.1.3 ES3

ES3 is a class 3 electrical energy source where both the voltage and current exceed the limit
for ES2.

A neutral conductor is a class 3 electrical energy source.

5.2.2 Electrical energy source ES1 and ES2 limits
5.2.2.1 General

The limits specified in 5.2.2 are with respect to earth or with respect to an accessible part.
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ES1 Voltage
ES2 Voltage
ES3 Voltage

Current, milliamperes
ES3

For any|voltage up to the voltage limit, there is no limit for the current. Likewise for any

up to the

The clapsification of external circuits is done by using their normal operating vo
current,|disregarding the communication or data signalsyiexcept for ringing signals (see

| ES3 Current
N
@ ES2 Current
@ ES1 Current

] ===y @@ -
ES1 ES2 ES3
Potential, volts e
Figure 21 — lllustration showing ES limits for voltage@and current

current limit, there is no limit for the voltage, see Figure 21.

and for pudio signals (see 5.2.2.7).

5.2.2.2

Steady state voltage and current:limits

An electrical energy source classification.is determined from the AC or DC voltage

maximum current under each of the _normal operating conditions, abnormal ogqg

conditipns, and single fault conditions (see Table 4).

The vallies are the maximum that can be delivered by the source. Steady state is con
established when the voltage ‘or current values persist for 2 s or longer, otherwise the

5.2.2.3,/5.2.2.4 or 5.2.2.5 apply, as appropriate.

current

tage or
5.2.2.6)

and the
erating

sidered
limits of
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Table 4 — Electrical energy source limits for steady state ES1 and ES2

Energy
source

AC up to
1 kHz

AC

> 1 kHz
up to
100 kHz

AC above
100 kHz

Combined

AC and
DCf

. . %% . .
As ar alternative to the requirements above, the values\below can be used for purely sinusoidal waveforms

Energy
source

AC up to
1 kHz

AC

> 1 kHz
up to
100 kHz

AC above
100 kHz

Peak values shall be used for non-sinusoidal voltage and current. RMS values can be used only for sinusoidal voltage and
current.

See 5.7 for measurement of prospective touch voltage and touch current.

Electric shock current limits are taken from IEC 60479-1 and IEC 60479-2.

fis in kHz

a8 Current is measured using the measuring network specified in Figure 4 of IEC 60990:2016.

b Current is measured using the measuring network specified in Figure 5 of IEC 60990:2016.

¢ For sinusoidal waveforms and DC, the current may be measured using a 2 000 Q resistor.

4 Above 22 kHz the accessible area is limited to 1 cm?2.

e Above 36 kHz the accessible area is limited to 1 cm?.

f oy is determined from the RMS voltage limit corresponding to the applicable frequency, and Upeak limit 1S

RMS limit
determined from the peak voltage limit corresponding to the applicable frequency.
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157
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5,104 x e(-0.16 xIoc) - 0,097 = I

Inc (MA)
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Figure 22 — Maximum values for combinet@ current and DC current
A\
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51,746 x e(-0.028 x Unc) - 1,746 = U

0 10 20 30 40 50 60

Unc (MA) IEC

Figure 23 — Maximum values for combined AC voltage and DC voltage

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 5.
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NOTE 1 The capacitance values for ES2 are derived from Table A.2 of IEC TS 61201:2007.

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

Table 5 — Electrical energy source limits for a charged capacitor

c ES1 ES2
nE Upeak Upeak
v v
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 2000
1,6 2 500 50000,
0,8 5000 10000
0,4 10 000 20000
0,2 20 000 0" 40000
o[133 or less 30 000 12 e0000

Linear inferpolation may be used between the nearest.iwo points.

5.2.2.4 Single pulse limits

Where the electrical energy sodrge is a single pulse, the energy source is classified from both
the volthge and the duration‘or from both the current and the duration. Values are given in
Table 6[and Table 7. If thewoltage exceeds the limit, then the current shall not exceed the limit.
If the cyrrent exceeds the limit, the voltage shall not exceed the limit. Currents are mpasured
according to 5.7. For, repetitive pulses, see 5.2.2.5.

For pulge durations up to 10 ms, the voltage or current limit for 10 ms applies.

If more than-one pulse is detected within a period of 3 s, then the electrical energy spurce is
treated Bs \d repetitive pulse and the limits of 5.2.2.5 apply.

NOTE 1 The pulse limits are calculated from Figure 22 and Table 10 of IEC 60479-1:2018.
NOTE 2 These single pulses do not include transient voltages.

NOTE 3 Pulse duration is considered to be the time duration when the voltage or current exceeds ES1 limits.
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Table 6 — Voltage limits for single pulses

Pulse duration ES1 ES2
up to and including Upeak Upeak
ms V \VJ
10 196
20 178
50 150
60
80 135
100 129
20p and longer 120

If the time duration lies between the values in any two rows, either the lower ES2 value of Upeak shall/bg used or

a linear ipterpolation may be used between any two adjacent rows with the calculated peak voltagevalue|rounded
down to the nearest volt.

If the pegk voltage for ES2 lies between the values in any two rows, either the shortest tinié duration can|be used
or a linegr interpolation may be used between any two adjacent rows with the calcufated time duration |rounded
down to the nearest millisecond.

Table 7 — Current limits for single(pulses

)
Pulse duration ES1 Qéz
up to|and including Toeak \\ Toeak
ms mA $\\}' mA
10 N 200
20 D 153
50 4\0 107
100 xO 81
200 o él‘ 62
N
500 O 43
1000 @ . 33
2 000 and longer .O 25
If the time duration ligs\between the values in any two rows, either the lower ES2 value of 1peak or|a linear
interpolgtion may be{used between any two adjacent rows with the calculated value rounded down to thg nearest
milliampere.
If the pepk current for ES2 lies between the values in any two rows, either the value of the shortest time|duration
or a lingar<interpolation may be used between any two adjacent rows with the calculated time duration [rounded
down tolthe hearest 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. If the 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.

For pulse off times less than 3 s, the peak values of 5.2.2.2 apply. For longer durations, the
values of 5.2.2.4 apply.
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Ringing signals

Where the electrical energy source is an analogue telephone network ringing signal as defined
in Annex H, the energy source class is considered to be ES2.

5.2.2.7

Audio signals

For electrical energy sources that are audio signals, the limits are specified in Clause E.1.

5.3 Protection against electrical energy sources

5.3.1

General

SafeguJard requirements between accessible parts and ES2/ES3 mains are given _in-4

Access
ES3 sol

In additjon, for ES2/ES3 circuits that are not ES2/ES3 mains, the following applies:

— undgr single fault conditions in the circuit between the ES2/ES3 circuits not

conr
eXxcq

— undd
conr
exceg

NOTE Ekamples for this construction are:

- W
ny

—  fopr construction with an ES2 mains, a teleéemmunication office/access equipment where the E
gnd ES1 circuits are earthed;

—  fpr a construction with ES2 circuits derived from ES1 circuit, a DC / DC converter in the insulated (s

(¢
(¢

Bare co
conduct

For a battery backed\up supply capable of backfeeding to the input AC terminals, see

5.3.2
5.3.2.1

rce directly connected to the mains.

ected to the mains and accessible ES1 circuits, the current or voltage levels 5
ed the ES1 limits; and

r single fault conditions in the circuit between{the ES2/ES3 circuits not
ected to the mains and accessible ES2 circuits) the current or voltage levels 5
ed the ES2 limits.

ith an ES3 mains, a rectifier in the insulated (secondary) circuit in a switch mode power suppl
ultiple components are present;

ircuits of an indoor foreign exchange station (FXS) telephone interface at ES2 levels (derived
ircuits) in which multiple compoehents are present.

nductors at ES3 shall -be located or guarded so that unintentional contact w
prs during service-operations by a skilled person is unlikely (see Figure 19).

Accessibility to electrical energy sources and safeguards

1.3.

ble ES1 or ES2 circuits shall have a double safeguard or reinforced safeguard to an

directly
hall not

directly

thall not

in which
52 mains

pcondary)
from ES1

th such

5.8.

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

— an ES3 basic safeguard.

For bare parts of outdoor equipment that are accessible to an ordinary person in their
intended outdoor location, the following shall not be accessible:

— bare parts exceeding 0,5 times ES1 voltage limits under normal operating conditions and
abnormal operating conditions and single fault conditions of a component, device or
insulation not serving as a safeguard; and

— bare parts exceeding ES1 voltage limits under single fault conditions of a basic
safeguard or of a supplementary safeguard (see 5.2.1.1).


https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

IEC 62368-1:2023 © |IEC 2023 -91 -

For instructed persons, the following shall not be accessible:

— bare

parts at ES3; and

— an ES3 basic safeguard.

5.3.2.2

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 ES3 voltages above 420 V peak, the appropriate test probe from Annex V shall not contact
a bare internal conductive part and shall have an air gap from that part (see Figure 24).

The air gap shall either:

a) pasqg

that fis equal to the test voltage for basic insulation in Table 26 corresponding to {
of the working voltage; or

b) have

an electric strength test in accordance with 5.4.9.1 at a test voltage (DC or p

a minimum distance according to Table 8.

Enclosure
or barrier

Bare internal conductive part

N

Test probe

IEC

Figure 24\~ Contact requirements to bare internal conductive parts

eak AC)
he peak
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Table 8 — Minimum air gap distance

Voltage

Air gap distance
mm

V peak or DC up to and including

Pollution degree

2 3
> 420 and < 1 000 0,2
1200 0,25 0,8
1500 0,5
2 000 1,0
7500 T.5
3 000 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 air gap distan

rounded |up to the next higher 0, Tsmm increment or the value in the next row below whichever is lower.

For equipment intended tobe-wused more than 2 000 m above sea level, the values in this table are mul

the multiplication factor for'the desired altitude according to Table 16.

ce being

iplied by

5.3.2.3

Complid

Compliance criteria

nce’is checked by the test of Clause T.3.

In addition, 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 in
accordance with 4.1.2 are not required to be tested when such components and subassemblies
are used in the final product.

5.3.2.4

Terminals for connecting stripped wire

The use of a stripped wire to make connection with its associated terminal intended to be used:

— by an ordinary person shall not result in contact with ES2 or ES3; and

— by an instructed person shall not result in contact with ES3.
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For audio signal voltages, see Table E.1 for the values of ES2 and ES3. Parts of audio signal
terminals provided with one of the safeguards in Table E.1 are not tested.

Compliance is checked by the test of V.1.6 for each wire terminal opening as well as any other
openings within 25 mm from the terminal. During the test, no portion of the probe inserted into
the terminal or opening shall contact ES2 or ES3.

5.4 Insulation materials and requirements
5.4.1 General

5411 Insulation

Insulatign consisting of insulating materials, clearances, creepage distances-‘and solid
insulation, and that is providing a safeguard function is designated basicinsulation,
supplementary insulation, double insulation, or reinforced insulation.

5.4.1.2 Properties of insulating material

strengtll, mechanical strength, dimension, frequency of the working voltage and other

The chdlice and application of insulating material shall take into account the needs for ellectrical
ion) as

properties for the working environment (temperature, pressuréd humidity and pollu
specifiefl in Clause 5 and Annex T according to 4.4.3.

Insulating material shall not be hygroscopic as determinedby 5.4.1.3.

5.41.3 Compliance criteria

Complignce is checked by inspection and, where necessary, by evaluation of the data for the
material.

Where hecessary, if the data does_not confirm that the material is non-hygroscopic, the
hygroscppic nature of the material is determined by subjecting the component or subassembly
using the insulation in question- f0"the humidity treatment of 5.4.8. The insulation|is then
subjected to the relevant electric,Strength test of 5.4.9.1 while still in the humidity chamber, or
in the rqom in which the samples were brought to the prescribed temperature.

5.4.1.4 Maximum operating temperatures for materials, components and systems

5.4.1.4.1 Requirements

o

Under normal-operating conditions, insulating material temperatures shall not exceegd:

— the qemperature limit of the EIS, including insulating materials of components; or

— the maximum temperature limit of the insulation system as given in Table 9.

For maximum temperatures below or equal to 100 °C, no declared insulation system is required.
An undeclared EIS is considered to be Class 105 (A).

5.4.1.4.2 Test method

Insulating material temperatures are measured in accordance with B.1.5.

The equipment or parts of the equipment are operated under normal operating conditions
(see 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 rated
"ON" and "OFF" periods; and
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— for short-time operation, for the operating time specified by the manufacturer.

Components and other parts may be tested independently of the end product provided that the
test conditions applicable to the end product are applied to the component or part.

5.4.1.4.3 Compliance criteria

The temperature of the electrical insulation material or EIS shall not exceed the limits in Table 9.

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

For an EIS, the available thermal class data of the EIS as indicated by the manufactdrer may
be used if it is suitable for the applicable class of insulation.

For thenmal classifications above Class 105 (A), the EIS shall comply with IEC\60085.

Table 9 — Temperature limits for materials, components ahd systems

Part Maximum temperature 7,]

°C

Insulation, including winding insulation:

of Class 105 (A) material or EIS 1002
of Class 120 (E) material or EIS 1152
of Class 130 (B) material or EIS 1202
of Class 155 (F) material or EIS 1402
of Class 180 (H) material or EIS 1652
of Class 200 (N) material or EIS 180 2
of Class 220 (R) material or EIS 20072
of Class 250 material or EIS 225@
Insulation of internal and external wiring, including power supply
cords:
without temperature marking 70
with temperature marking Temperature marked on the wirefor
spool, or rating assigned by the
manufacturer
Other thgrmoplastic insulation See 5.4.1.10
Compongnts, See also Annex G and 4.1.2

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

For each material, account shall be taken of the data for that material to determine the appropriate maximum
temperature.

a8 If the temperature of a winding is determined by thermocouples, these values are reduced by 10 K, except in
the case of:

— a motor, or

— awinding with embedded thermocouples.
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5.4.1.5

5.4.1.5.

Pollution degrees

1 General

The different pollution degrees of the operating or micro-environment for products covered by
this document are given below.

Pollution degree 1

No pollution or 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 moisture are

examples

‘ [TEPT) 3
vl pultauaouir uceyicce 1.

Pollutign degree 2

Only no
by cond

NOTE 2

h-conductive pollution occurs except that occasionally a temporary conductivity
gensation is to be expected.

Pollutign degree 3

Conduc

ive pollution occurs or dry non-conductive pollution occurs that becomes co

due to dondensation, which is to be expected.

5.4.1.5.

A samp

p Test for pollution degree 1 environment and for an insulating compd

e is subjected to the thermal cycling sequence of 5.4.1.5.3.

It is allgwed to cool to room temperature and is then subjected to the humidity conditi

5.4.8.

If the te

required by 5.4.4.3, the conditiohing is immediately followed by the electric strength

5.4.9.1.

For printted boards, compliance is checked by external visual inspection. There sha

delamin

pollutign degreei:

For othgr than,printed boards, compliance is checked by inspection of the cross-section

and the

Pollution degree 2 is generally appropriate for equipment covered by the Scope of this documeht.

caused

hductive

und

bning of

5t is conducted for verification of the insulating compound forming solid insulation as

test of

| be no

ation which affects the creepage distances required to fulfil the requirements of

al area,

re‘shall be no visible voids, gaps or cracks in the insulating material.

5.4.1.5.3 Thermal cycling test procedure

A sample of a component or subassembly is subjected to the following sequence of tests. The

sample

68

1h
2h

> 1

T1:T2

is subjected 10 times to the following sequence of thermal cycling:

h at (T4 £ 2) °C;
at (256 +2) °C;
at (0£2) °C;
h at (25 2) °C.
+ Tva — Tamp + 10 K, or 85 °C, whichever is higher. However, the 10 K margin is not

added if the temperature is measured by an embedded thermocouple or by the resistance

method.
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T, is the temperature of the parts measured during the test of 5.4.1.4.

The significance of T, and Ty, are as given in B.2.6.1.

The period of time taken for the transition from one temperature to another is not specified, but
the transition can be gradual.

5.4.1.6

Insulation in transformers with varying dimensions

If the insulation of a transformer has different working voltages along the length of the winding,
the clearances, creepage distances and distances through insulation can vary in a
correspeh i

NOTE A
and earth

5.4.1.7

For circ
the requ

apply tg
NOTE 1

NOTE 2
between {

dina fachion
P Ty TaSTiToTT

h example of such a construction is a 30 kV winding, consisting of multiple bobbins conhected
ed or connected to a common point at one end.

Insulation in circuits generating starting pulses
Iits generating starting pulses exceeding ES1 (for example, to-ighite a discharg
creepage distances and distances through insulation.

For working voltages in the above cases, see 5.4.1.8.1i).

If the starting pulse is an AC waveform, the pulse width jis\determined by measuring the time
he peaks of the AC waveform.

The clearances are determined by one of the following methods:

— dete
— cond

rmine the minimum clearance in accordance with 5.4.2; or
uct one of the following electric.strength tests, with the connection terminal

starfing pulse circuit (for example, a lamp) shorted together:

—

Lanall (@M1}

Complid
breakddg

5.4.1.8
5.4.1.8.

he test given in 5.4.9.1; or

pply 30 pulses having ahiamplitude equal to the required test voltage given in
enerated by an external-pulse generator. The pulse width shall be equal to or
han that of the internally generated starting pulse.

nce is checked by inspection or test. During the test, the insulation shall s
wn or flashover.

Determination of working voltage

( General

in series,

e lamp),

irements for basic insulation, supplementary insulation-and reinforced ingulation

Hifference

5 of the

5.4.9.1
greater

how no

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

a) unearthed accessible conductive parts are assumed to be earthed;

b) if a transformer winding or other part is not connected to a circuit that establishes its
potential relative to earth, the winding or other part are assumed to be earthed at a point by

whic

h the highest working voltage is obtained,;

c) except as specified in 5.4.1.6, for insulation between two transformer windings, the highest
voltage between any two points in the two windings is the working voltage, taking into
account the voltages to which the input windings will be connected,;

d) except as specified in 5.4.1.6, for insulation between a transformer winding and another
part, the highest voltage between any point on the winding and the other part is the working
voltage;
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e) where double insulation is used, the working voltage across the basic insulation is
determined by imagining a short-circuit across the supplementary insulation, and vice
versa. For double insulation between transformer windings, the short-circuit is assumed
to take place at the point by which the highest working voltage is produced across the

othe

r insulation;

f) when the working voltage is determined by measurement, the input voltage supplied to the
equipment shall be the rated voltage or the voltage within the rated voltage range that

resu

Its 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 a circuit isolated from the mains,

shal
-t
-t

h) whe
oper
wor

duration signals (such as telephone ringing) shall not be taken into account for dete

wor

i) for ¢
wor
lamy
shal

distances is the voltage measured after the ignition of the lamp.

5.4.1.8.

In dete

telephone ringing signals in external circuits) and non-repetitive transients (for exam

to atmo

NOTE T
5.4.1.9

An acc
determi
(see Fid

5.4.1.10

be taken as the greater of the following:
he rated voltage or the upper voltage of the rated voltage range; and
he measured voltage;

n determining the working voltage for an ES1 or ES2 external¢ircuit, the
ating voltages shall be taken into account. If the operating voltages are not kng
King voltage shall be taken as the upper limits of ES1 or ES2 as applicabl

King voltage;
ircuits generating starting pulses (for example, disCharge lamps, see 5.4.1

ignites. The frequency of the working voltage)to' determine the minimum cl
be taken as less than 30 kHz. The working-voltage to determine minimum ci
p RMS working voltage

mining the RMS working voltage, short-term conditions (for example, c3
spheric disturbances) are not'taken into account.

he creepage distances are determined from the RMS working voltages.

Insulating surfaces

pssible insulating” surface is considered to be covered by a thin metallic

ning clearances, creepage distances and distance through in
ure 0.13)

Thermoplastic parts on which conductive metallic parts are directly m

5.4.1.10.

normal
wn, the
. Short
rmining

.7), the

King voltage is the peak value of the pulses withithe lamp connected but beﬂore the

arance
eepage

denced
ble, due

foil for
sulation

bunted

1 Requirements

Thermoplastic parts on which conductive metallic parts are directly mounted shall be sufficiently

resistan

t to heat if softening of the plastic could result in the failure of a safeguard.

Compliance is checked by examination of the Vicat test or ball pressure data from the material
manufacturer. If the data is not available, compliance is checked by either the Vicat test of
5.4.1.10.2 or by the ball pressure test of 5.4.1.10.3.

5.4.1.10.2 Vicat test

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.
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The measured temperature during abnormal operating conditions of Clause B.3 shall be less
than the Vicat softening temperature.

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.

5.4.1.10.3 Ball pressure test

Compliance is checked 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—Tagmp ¥ Tmag ¥ 15 °C) £ 2 °C (see B.2.6.1 for the explanation of T, T,; and Ty.,,). However,

a thermoplastic part supporting parts in a circuit supplied from the mains is tested at a minimum
of 125 °C.

After the test, dimension d (diameter of the indentation) shall not exceed 2 mm.

5.4.2 Clearances
5.4.2.1 General requirements
Clearances shall be so dimensioned to reduce the likelihood of Breakdown due to:

— temporary overvoltages; and
— trangient voltages that can enter the equipment; and

— recufring peak voltages and their related frequencies that are generated within the
equipment.

All required clearances and test voltages apply to an altitude up to 2 000 m. Fof higher
altitudeg, the multiplication factors of 5.4.2.5 apply after any linear interpolation, buf before
rounding up, and before any other multiplication factors are applied as stated in Table 10,
Table 11, Table 14 and Table 15.

NOTE Fpr air gaps between contacts, of safety interlocks, see Annex K. For air gaps between cgntacts of
disconnelct devices, see Annex L. For-airngaps between contacts in components, see Annex G. For conneftors, see
G.4.1.

Unless ptherwise specifiediby the manufacturer and supplied with means to assure nmpinimum
clearances during all nAormal operating conditions, the voice coil and adjacent conductive
parts of|a loudspeaker ‘are considered to be conductively connected.

To determine the clearance, the highest value of the following two procedures shall bg used:

— Prodedure)1: Determine clearances according to 5.4.2.2.

— Prodedure 2- Determine clearances according to 54 2 3 Alternatively the adequacy of
clearances may be determined using an electric strength test according to 5.4.2.4, in which
case the values according to Procedure 1 shall be maintained.

For overvoltage category |l, clearances in circuits connected to an AC mains not exceeding
420 V peak (300 V RMS) may be determined per Annex X as an alternative.

5.4.2.2 Procedure 1 for determining clearance

To determine the voltage to be used in Table 10 and Table 11, the highest voltage of the
following is used as applicable:

— the peak value of the working voltage across the clearance;

— the recurring peak voltages, if any, across the clearance;
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— for circuits connected to the AC mains: the temporary overvoltage, which is taken as
2 000 V peak if the nominal AC mains system voltage does not exceed 250 V and is taken
as 2 500 V peak if the nominal AC mains system voltage exceeds 250 V but does not
exceed 600 V.

Alternatively, the temporary overvoltage may be determined in accordance with 5.4.3.2 of
IEC 60664-1:2020 at the discretion of the manufacturer, in which case the reference to "solid
insulation" in 5.4.3.2 of IEC 60664-1:2020 is replaced by "clearances". Moreover, the short
term value equal to U, + 1 200 V is taken as the voltage for use in Table 10.

NOTE U, is the nominal line-to-neutral voltage of the neutral-earthed supply system.

This voltage shall be used to determine the clearance as follows:

- cleatance values of Table 10 for circuits with fundamental frequencies up to 30.kHiz; or

— clea
or

ance values of Table 11 for circuits with fundamental frequencies higherthan|30 kHz;

— the highest clearance values of Table 10 and Table 11 for circuits where both frequencies
lowdr than 30 kHz and higher than 30 kHz are present.
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Table 10 — Minimum clearances for voltages with frequencies up to 30 kHz

Basic insulation or supplementary Reinforced insulation
Voltage up to and insulation
including mm mm
Peak Pollution degree Pollution degree
12 2 3 12 2 3

330 0,01 0,02

400 0,02 0,04

500 0,04 0,2 0,08 0,4

600 0,06 0,12 1,5

0,8

800 0,13 0,26

1000 0,26 0,26 0,52 0,52

1200 0,42 0,84

1500 0,76 1,52 1,6
2 000 1,27 2,54

2 500 1,8 3,6

3 000 2,4 4,8

4 000 3,8 7,6

5000 5,7 11,0

6 000 7,9 15,8

8 000 11,0 20

10 000 15,2 27

12 000 19 33

15 000 25 42

20 000 34 59

25 000 44 77

30 000 55 95

40 000 77 131

50 000 100 175

60 000 120 219

80 000 175 307
100 000 230 395

Linear interpalation may be used between the nearest two points, the calculated minimum clearancps being
rounded jup\tothe next higher specified increment. For values:

— not exceeding 0,5 mm, the specified increment is 0,01 mm; and

— exceeding 0,5 mm, the specified increment is 0,1 mm.

a8 The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2.
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Table 11 — Minimum clearances for voltages with frequencies above 30 kHz

Voltage up to and including Basic insulation or Reinforced insulation
supplementary insulation
Peak mm mm
600 0,07 0,14
800 0,22 0,44
1 000 0,6 1,2
1200 1,68 3,36
1400 2,82 5,64
1600 4,8 9,6
2 000 13,2 26,4

Linear interpolation may be used between the nearest two points, the calculated minimum clearancgés being
rounded|up to the next higher specified increment. For values:

— not gxceeding 0,5 mm, the specified increment is 0,01 mm; and

— exceeding 0,5 mm, the specified increment is 0,1 mm.

For pollution degree 1, use a multiplication factor of 0,8.

For pollpution degree 3, use a multiplication factor of 1,4.

5.4.2.3 Procedure 2 for determining clearance
5.4.2.3.1 General

The dir;lwension for a clearance that is subjectto transient voltages from the maian or an
externall circuit is determined from the required withstand voltage for that clearance.

Each clgarance shall be determined using the following steps:

— determine the transient voltage(according to 5.4.2.3.2; and
— determine the required withstand voltage according to 5.4.2.3.3; and

— detefmine the minimum.clearance according to 5.4.2.3.4.
5.4.2.3.2 Determining transient voltages
5.4.2.3.2.1 General

Transient voltages may be determined based on their origin, or may be measured in accprdance
with 5.4/2.3:2/5.

If different transient voltages affect the same clearance, the largest of those voltages is used.
The values are not added together.

Outdoor equipment connected to the mains shall be suitable for the highest mains transient
voltage expected in the installation location.

Consideration shall be given to the following:

— the prospective fault current of the supply to outdoor equipment can be higher than for
indoor equipment, see IEC 60364-4-43; and

— the mains transient voltage for outdoor equipment can be higher than for indoor
equipment.

Components within outdoor equipment that reduce the mains transient voltage or the
prospective fault current shall comply with the requirements of the IEC 61643 series.
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NOTE 1 The overvoltage category of outdoor equipment is normally considered to be one of the following:
— if powered via the normal building installation wiring, overvoltage category II;
— if powered directly from the mains distribution system, overvoltage category lll;

— if at, or in the proximity of, the origin of the electrical installation, overvoltage category IV.

NOTE 2 For further information regarding protection from overvoltages, see IEC 60364-5-53.

Compliance is checked by inspection of the equipment, the installation instructions and, where
necessary, by the applicable component tests specified in IEC 61643 (all parts).

5.4.2.3.2.2 Determining AC mains transient voltages

For equi i i voltage
depends on the overvoltage category and the AC mains voltage and is given in Table 12. In
general| clearances in equipment intended to be connected to the AC mains, shall*be designed

for overyoltage category Il.

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

Equipment that is likely, when installed, to be subjected to transient voltages that exceged those
for its fesign overvoltage category requires additional transient voltage protection to be
providei either external or internal to the equipment. When provided external to the equipment,
the installation instructions shall state the need for such external“protection.

Table 12 — Mains transient{voltages

Nomipal voltage of the supply AC mains voltage Mains transient voltage P
system 2 up to and including
based on IEC 60038 ac Overvoltage category
Threg¢-phase Single phase | ] 1l 1\
V RMS V RMS V RMS V peak V peak V peak peak
50 330 500 800 1 500
100 500 800 1500 2 500
120/208 120/240 150 800 1500 2 500 4 000
230/400( 277/480 300 1500 2500 4 000 6 000
400/690 600 2500 4 000 6 000 8 000
28  For ¢quipment designed-to be connected to a three-phase 3-wire supply, where there is no neutral cgnductor,
the AC mains supply\voltage is the line-to-line voltage. In all other cases, where there is a neutral cdnductor,
it is {he line-to-néutral voltage.
b The mains transient voltage is always one of the values in the table. Interpolation is not permitted.
¢ In Jgpan,‘the value of the mains transient voltages for the nominal AC mains supply voltage of 100 V is
detefmined from columns applicable to the nominal AC mains supply voltage of 150 V.

5.4.2.3.2.3 Determining DC mains transient voltages

If an earthed DC power distribution system is entirely within a single building, the transient
voltage is selected as follows:

— if the DC power distribution system is earthed at a single point, the transient voltage is taken
to be 500 V peak; or

— if the DC power distribution system is earthed at the source and the equipment, the transient
voltage is taken to be 350 V peak; or

NOTE The connection to protective earth may be at the source of the DC power distribution system or at the
equipment location, or both (see ITU-T Recommendation K.27).
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— if the cabling associated with the DC power distribution system is shorter than 4 m or is
installed entirely in continuous metallic conduit, the transient voltage is taken to be 150 V
peak.

If a DC power distribution system is not earthed or is not within the same building, the transient
voltage with respect to earth shall be taken to be equal to the mains transient voltage in the
mains from which the DC power is derived.

If the DC 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 5.4.2.3.2.4.

If equipent 5 sUpptied from @ dedicated battery that has no provision for charging from a
mains gupply without removal from the equipment, the transient voltage shall be disregarded.

When determining the DC mains transient voltage, the installation and the soufce of the DC
mains ghall be taken into account. If these are not known, the mains transient voltagg on the
DC maihs supply for an outdoor equipment shall be taken as 1,5 kV.

If the DIC power distribution system is not within the same building,”the manufactuier shall
declare [the mains transient voltage on the DC mains supply .ifvthe installation instructions.
The dedlared mains transient voltage shall take into accountithe conditions mentioned above
and shall as a minimum correspond to the overvoltage categoryof the equipment (see Annex 1).

5.4.2.3.2.4 Determining external circuit transient/voltages

The appglicable value of the transient voltage that*can occur on an external circuit shall be
determined using Table 13. Where more than ongelocation or condition is applicable, thel highest
transien:Lt voltage applies. A ringing or other intefrupted signal shall not be taken into agcount if
the voltage of this signal is less than that of;thie transient voltage.

If the trgnsient voltage is less thanthé peak voltage of a short duration signal (sugh as a
telephome ringing signal), the peaki\voltage of the short duration signal shall be used as the
transienft voltage.

If the external circuit transient voltages are known to be higher than indicated in Tablg 13, the
known Value shall be usé&d)

NOTE 1 |Australia has published its overvoltage limits in ACIF G624:2005.

NOTE 2 |ltis assumed that adequate measures have been taken to reduce the likelihood that the transienft voltages
presented to thérequipment exceed the values specified in Table 13. In installations where transien{ voltages
presented to the equipment are expected to exceed the values specified in Table 13, additional measuregs such as
surge suppression can be applicable.

NOTE 3 In Europe, the requirement for interconnection with an external circuit is in addition given in
EN 50491-3:2009.
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Table 13 — External circuit ID assignment and associated transient voltages

ID Cable type Additional conditions Transient voltages

1a | Symmetrical paired? conductors — | The building or structure containing the 1 500 V 10/700 ps
shielded or single ended paired? or |€auipment has equipotential bonding or
unpaired condL?ctors _ ou?door not. Assumes primary protection is f'?’?Je'llEKC g|1|0(;(:;g'5 and
aerial or buried exposure (for installed. ) (all parts))
example, ou‘tdogr "Network Environment 1"
telecommunications cables).

1b | Symmetrical paired® conductors or | The building or structure containing the 1500 V 1,2/50 us
single ended paired? or unpaired equipment has equipotential bonding or
cor?ductors _ shielded or not. Assumes primary protection is §1S'EB1I'EKC 6I1IOOOt-4-5 and
unshielded, typically short outdoor |installed. (all parts))
or stpys—withimastructure: "Network Environment 1"

Typigally less than 300 m.

1¢ | Symimetrical paired® conductors or The building or structure containing the Transient voltages pre
singl ended paired? or unpaired equipment has equipotential bonding or not. | negligible and are therefore
conductors — shielded or unshielded, disregafded®
shor{ interconnection lines or circuits
between equipment not connected to | "Network Environment 0"
building wiring. The cable can be
connected to an outdoor antenna.

Typigally less than 10 m.

2 | Any pther conductors paired? or The building, structure or equipment has Transient voltages pre
unpaired with short direct inter- equipotential bonding or not. Rfimary negligible and are therefore
connlection lines or circuits. protection can be installed. disregarded
Typigally less than 10 m. "Network Environment Q'

3a | Coaxial cable distribution network Powered or unpowered-Circuits. 4 000 V 1,2/50 ys (parthed
where cables might exit a building or ) ’ ) . ) applications);or
strugture where exposure to AC No primary protection or isolation devices
mainks or larger electrical transients installed inside the equipment being 4 000 V 10/700 ps
are fossible evaluated; eftno primary protector/isolation (unearthed applicatjons)

' device is.specified to be installed externally .
Typigally this deployment is > 30 m to |to the equipment; or the coaxial cable Voltage is center c¢nductor
remdte equipment or tall outdoor entefing the building/structure is not likely to |0 shleld/earth/conc~uc?t|ve
antefpnas. be réfiably earthed at the building entrance. | €XPosed parts and ghield to
earth/other conducfive parts
"Network Environment 1"

3b | Coaxial cable in the coaxial cable Powered or unpowered circuits. Transient voltages pre
distr|bution network that is used ] o ) negligible and are therefore
primérily indoors or for short Exa_lmple_s. coaX|a_| |ntercon_nect|ons _be_tween disregardedb
conrlections to outdoorequipment residential or business equipment within a
or antennas building/structure. Or coaxial cable connects

’ from a TV, cable TV or satellite set top box or
Typigally this deployment is < 30 m |similar equipment to an outdoor antenna.
to refnote indoorequipment or R . R
rooftbp or short-outdoor antennas Network Environment 1
where trapsient exposure is
minimal.

3¢ | Coariateableusedforeguipment “NetwerErvironrmento- ent-veltages-are
interconnection and totally indoors. negligible and are therefore

disregarded.

Typically this deployment is < 10 m
where transient exposure is
unlikely.
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If the external circuit transient voltages are known to be higher than indicated above, the known value shall be
used. For guidance see IEC 61000-4-5 and ITU-T K (all parts).

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

The effects of unwanted steady state voltages generated outside the equipment (for example, earth potential
differences and voltages induced on telecommunication networks by electric traction systems) are controlled by
installation practices. Such practices are application dependent and are not dealt with by this document.

For a shielded cable to affect a reduction in transients, the shield shall be continuous, earthed at both ends.

Network Environment 0 (see IEC TR 62102) is an external circuit with a low likelihood of any significant
electrical transients and overvoltages. It is considered to be in a Network Environment 0 if any of the following

cond

itions apply to all parts of that network:

a) the external circuit connection is consistent with the definition of Installation Class 0 "Well-

protected

b)
c)
d)

Network
NOTE 1

NOTE 2
(see Not

electrical environment, often within a special room" or of Installation Class 1 "Partly protected
environment" based on IEC 61000-4-5;

he external circuit connection between equipment is not run on building wiring and is £4M0m in
he external circuit connection is an installation or maintenance port not connected during norni
he external circuit connection is intended and documented to be between ports-where the equ
ocated in (or on) the same cabinet, frame, rack, wall, table etc, or directly adjacent-to each other
hort distance.

Environment 1 is an external circuit that does not meet the requirements for Network Environm

Home appliances like audio, video and multimedia products are a@ldressed by ID 1c, 3a, 3b and

In Norway and Sweden, the cable shield on coaxial cables is_ normally not earthed at the building
e 1in 5.7.7.1). For installation conditions, see IEC 60728-11

electrical

length;
al use;

pment is
by a very

ent 0.
3c.

entrance

a8 A pai

b Thes
10 k
is nof

Fed conductor includes a twisted pair.

e cables are not subject to any transients but those.connected to an outdoor antenna can be affe
electrostatic discharge voltage (from a 1 nF capagcitor). The effect of such electrostatic discharge
taken into account when determining clearances. Compliance is checked by the test of 5.4.5.2

cted by a
voltages

5.4.2.3.

The trarn

During

circuit.
are disc
is conng

To mea
of Anne
of at leq

p.5 Determining transient_voltage levels by measurement

sient voltage across the.clearance is measured using the following procedure

he measurement,_the ‘equipment is not connected to the mains or to any
Only surge suppressors internal to the equipment in circuits connected to th
onnected. If the equipment is intended to be used with a separate power suppl
cted to the equipment during the measurement.

sure the\transient voltage across a clearance, the appropriate impulse test gg

xternal
mains
unit, it

bnerator

K D is used to generate impulses. At least three impulses of each polarity, with intervals

st ,§ between impulses, are applied between each relevant point.

a) Transient voltages from an AC mains

The impulse test generator circuit 2 of Table D.1 is used to generate 1,2/50 ys impulses
equal to the AC mains transient voltages between the following points:

— line-to-line;

— all line conductors conductively joined together and neutral;

— all line conductors conductively joined together and protective earth; and

— neutral and protective earth.

b) Transient voltages from a DC mains

The impulse test generator circuit 2 of Table D.1 is used to generate 1,2/50 ys impulses
equal to the DC mains transient voltages, at the following points:

— the positive and negative supply connection points; and

— all supply connection points joined together and protective earth.
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c) Transient voltages from an external circuit

The appropriate test generator of Annex D is used to generate impulses as applicable and
described in Table 13 and 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; and

— all terminals of a single interface type joined together and earth.

A voltage measuring device is connected across the clearance in question.

Where there are several identical circuits, only one is tested.

5.4.2.3.8 Determining required withstand voltage

The rec;::ired withstand voltage is equal to the transient voltage as determined.in 5(4.2.3.2,
except for the following cases:

— If a ¢ircuit isolated from the mains is connected to the main protective-earthing ferminal
throligh a protective bonding conductor, the required withstand -voltage may| be one
overpoltage category lower or one AC mains voltage lower in Table"12. For an AC mains
up to and including 50 V RMS, no adjustments are made.

— In ajcircuit isolated from the mains supplied by a DC source ‘with capacitive filter[ng, and
connected to protective earth, the required withstand voltage shall be assumgd to be
equal to the peak value of the DC voltage of the source,©r the peak of the working [voltage

of tj: circuit isolated from the mains, whichever is higher.

— If equipment is supplied from a dedicated battery.that has no provision for charging from
the mains supply without removal from the equipment, the transient voltage is zerojand the
required withstand voltage is equal to the peak of the working voltage.

5.4.2.3.4 Determining clearances using required withstand voltage

Each clgarance shall comply with the relevant value of Table 14.
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Table 14 — Minimum clearances using required withstand voltage

Required Basic insulation or supplementary Reinforced insulation
withstand voltage insulation
mm mm
V peak or DC Pollution degree Pollution degree
up to and including 12 2 3 12 2 3
330 0,01 0,02
400 0,02 0,04
500 0,04 0,08
0,2 0,4
600 0,06 08 0,12 15
800 0,10 0,2
1000 0,15 0,3
1200 0,25 0,5
1500 0,5 1,0
2 000 1,0 2,0
2 500 1,5 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
12 000 14 24
15 000 18 31
20 000 25 44
25000 33 60
30 000 40 72
40 000 60 98
50 000 75 130
60 000 90 162
80 000 130 226
00 000 170 290
Linear intefptlation may be used between the nearest two points, the calculated minimum clearances|shall be
rounded lup*to the next higher specified increment. For values:
— not exceeding 0,5 mm, the specified increment is 0,01 mm; and
— exceeding 0,5 mm, the specified increment is 0,1 mm.
8 The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2.

5.4.2.4 Determining the adequacy of a clearance using an electric strength test

The clearances shall withstand an electric strength test. The test may be conducted using an
impulse voltage or an AC voltage or a DC voltage. The required withstand voltage is
determined as given in 5.4.2.3.

The impulse withstand voltage test is carried out with a voltage having an appropriate waveform
(see Annex D) with the values specified in Table 15. Five impulses of each polarity are applied
with an interval of at least 1 s between pulses.
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The AC voltage test is conducted using a sinusoidal voltage with a peak value as specified in
Table 15 and is applied for 5 s.

The DC voltage test is conducted using a DC voltage specified in Table 15 and applied for 5 s
in a single polarity.

Table 15 — Electric strength test voltages

Required withstand voltage up to and including Test voltage for electric strength for clearances for
basic insulation or supplementary insulation
kV peak kV peak
(impulse or AC or DC)
0,33 0,36
0,5 0,54
0,8 0,93
1,5 1,75
2,5 2,92
4.0 4,92
6,0 7,39
8,0 9,85
12,0 14,77
ve 1,23 xy?

Linear interpolation may be used between the nearest two(points, the calculated minimum test voltage being
rounded|up to the next higher 0,01 kV increment.

For reinfforced insulation, the test voltage for electric 'strength is 160 % of the value for the basic inpulation
after which this calculated test voltage is rounded up-to the next higher 0,01 kV increment.

If the EUT fails the AC or DC test, the impulse_withstand voltage test shall be used.
If the test is conducted at an altitude of 200.m or more above sea level, Table F.6 of IEC 60664-1:202( may be

used, in| which case linear interpolation\between 200 m and 500 m altitudes and between the corregponding
impulse [test voltages of Table F.6 of(IEC 60664-1:2020 may be used.

a8 Uis pny required withstand\voltage higher than 12,0 kV.

5.4.2.5 Multiplication factors for altitudes higher than 2 000 m above sea level

For equipment\intended and designed to be used more than 2 000 m above sea lgvel, the
minimum clearances in Table 10, Table 11 and Table 14 and the electric strength test yoltages
in Tablg¢ 15 are multiplied by the multiplication factor for the desired altitude accofding to
Table 1¢

NOTE 1 Higher altitudes can be simulated in a vacuum chamber.

NOTE 2 In China, special requirements in choosing multiplication factors for altitudes above 2 000 m exist.
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Table 16 — Multiplication factors for clearances and test voltages

- 109 -

Normal Multiplication factor for electric
Altitude barometric Multiplication strength test voltages
pressure factor for
m clearances <1 mm 21 mm to 210 mm to
kPa <10 mm <100 mm
2 000 80,0 1,00 1,00 1,00 1,00
3 000 70,0 1,14 1,05 1,07 1,10
4 000 62,0 1,29 1,10 1,15 1,20
5000 54,0 1,48 1,16 1,24 1,33
Linear int
rounded

5.4.2.6 Compliance criteria

Complignce is checked by measurement and test taking into account the relevant claguses of
Annex @ and Annex T according to 4.4.3.

The follpwing conditions apply:

— movpble parts are placed in their most unfavourable pasitions;

— clearances from an enclosure of insulating materialthcough a slot or opening are measured
accqrding to Figure O.13, point X;

— duripg the force tests, metal enclosures shall ‘not come into contact with bare copductive
part$ of:

e [ES2 circuits, unless the product is in_a\restricted access area, or
e KES3circuits;

— aftel the tests of Annex T:
[ )

he dimensions for clearances are measured, and

e the relevant electric strength test shall be applied, and

educe clearances below the specified values, surface cracks and the like are [gnored.
f a through crack appears, clearances shall not be reduced. For cracks not vjsible to

t

t

o fpr the glass impact-test of Clause T.9, damage to the finish, small dents thaf do not
/

/

the naked eye; an electric strength test shall be conducted; and

— components(and parts, other than parts serving as an enclosure, are subjected to|the test
of ClauseI>2. After the application of the force, clearances shall not be reduced bg¢low the
required values.

For circuits connected to coaxial cable distribution or outdoor antennas, compliance is checked
by the tests of 5.5.8.

5.4.3 Creepage distances

5.4.31 General

Creepage distances shall be so dimensioned that, for a given voltage, pollution degree and
material group, no flashover or breakdown of insulation (for example, due to tracking) will occur.

Creepage distances for basic insulation and supplementary insulation for frequencies up
to 30 kHz shall be based on the RMS working voltage and comply with Table 17. Creepage
distances for basic insulation and supplementary insulation for frequencies greater than
30 kHz and up to 400 kHz shall be based on the peak of the working voltage and comply with
Table 18.


https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

- 110 - IEC 62368-1:2023 © |IEC 2023

The creepage distance requirements for frequencies up to 400 kHz may be used for
frequencies over 400 kHz until additional data is available.

NOTE Creepage distances for frequencies higher than 400 kHz are under consideration.

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
(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—ecreepage istance—meay—comply-with—the—requirements for
basic insulation 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
e i$ required to be in place during normal operating conditions{)and
e is provided with an instructional safeguard to replace thé-removed subassenmbly.

For all gther creepage distances in connectors, including connectors that are not fixgdd to the
equipment, the minimum values determined in accordanceiwith 5.4.3 apply.

The abgve minimum creepage distances for connegtors do not apply to connectors Jisted in
Clause 5.4.

If the minimum creepage distance derived from*Table 17 or Table 18 is less than the minimum
clearange, then the minimum clearance shall be applied as the minimum creepage distance.

For glags, mica, glazed ceramic orxsimilar inorganic materials, if the minimum creepage
distancp is greater than the applicable minimum clearance, the value of minimum cl¢arance
may be japplied as the minimum-creepage distance.

For reinforced insulations.the values for creepage distances are twice the values for basic
insulation in Table 17 or Table 18.

5.4.3.2 Test method
The follpwing-conditions apply:

— movabléparts are placed in their most unfavourable positions;

— for equipment incorporating ordinary non-detachable power supply cords, creepage
distance measurements are made with supply conductors of the largest cross-sectional
area specified in Clause G.7, and also without conductors;

— when measuring creepage distances from an accessible 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 outer surface of the enclosure 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 according to
4.4.3;

— for the glass impact test of 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;


https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

IEC 62368-1:2023 © |IEC 2023 - 111 -

— components and parts, other than parts serving as an enclosure, are subjected to the test
of Clause T.2. After the application of the force, creepage distances shall not be reduced
below the required values.

5.4.3.3
Material

Material
Material
Material
Materia

Material group and CTI
groups are based on the CTI and are classified as follows:

Group | 600 < CTI

Group Il 400 = CTl <600
Group llla 175 < CTIl < 400
Group lllb 100 < CTl < 175

The ma
IEC 601

If the material group is not known, Material Group IlIb shall be assumed.

If a CTI

established with a test for proof tracking index (PTI) as detailed in IEC 60112. A matsg

erial group shall be checked by evaluating the test data for the material .a¢co
12 using 50 drops of solution A.

of 175 or greater is needed, and the data is not available, the'material group

rding to

can be
rial can

be inclugded in a group if its PTI established by these tests is equal(to, or greater than, the lower

value off

5.4.3.4

Complig
4.4.3 an

A creef
differen
total vo

comparative tracking index (CTI) and’the highest pollution degree.

the comparative tracking index (CTI) specified for the-group.

Compliance criteria

nce is checked by measurement taking intosaccount Annex O, Annex T acco
d Annex V.

page distance may be split into several portions of different materials and
pollution degrees if one of the creepage distances is dimensioned to withs
tage or if the total distance is dimensioned according to the material having th

rding to

or have
and the
b lowest
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Table 17 — Minimum creepage distances for basic insulation
and supplementary insulation in mm

RMS working Pollution degree
e, [ 2 ;
including Material group

\% 1, 11, lla, lllb | 1l lla, lllb 1 1 llla, llib ®
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 21
104 0,25 0,71 1,0 1,4 1+8 2,0 2,2
124 0,28 0,75 1,05 1,5 1,9 21 2,4
16( 0,32 0,8 1,1 1,6 2,0 2,2 2,5
20( 0,42 1,0 1,4 2,0 2,5 2,8 3,2
25( 0,56 1,25 1,8 2,5 3,2 3,6 4,0
32( 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
50( 1,3 2,5 3,6 5,0 6,3 7.1 8,0
63( 1,8 3,2 45 6,3 8,0 9.0 10
80( 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
3 200 12,5 16 22 32 40 45 50

4 000 16 20 28 40 50 56 63
5 000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
8 00,0 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

32 000 125 160 220 320

40 000 160 200 280 400

50 000 200 250 360 500

63 000 250 320 450 600

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.

2 The values for pollution degree 1 may be used if a sample complies with the tests of 5.4.1.5.2.

b Material Group IlIb is not recommended for applications in pollution degree 3 with an RMS working voltage
above 630 V.
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Table 18 — Minimum values of creepage distances (in mm) for frequencies higher
than 30 kHz and up to 400 kHz

Peak voltage 30 kHz < <100 kHz 100 kHz < < 200 kHz 200 kHz < < 400 kHz

kV

0,1 0,016 7 0,02 0,025

0,2 0,042 0,043 0,05

0,3 0,083 0,09 0,09

0,4 0,125 0,13 0,15

0,5 0,183 0,19 0,25

0,6 0,267 0,27 0,4

0,7 0,358 0,38 0,68

0,8 0,45 0,55 1,1

0,9 0,525 0,82 1,9

1 0,6 1,15 3
The valyes for the creepage distances in the table apply for pollution degree ‘1.) For pollution degree 2 a
multiplicption factor of 1,2 and for pollution degree 3, a multiplication factor of 4,4 shall be used.
Linear injterpolation may be used, the result being rounded up to the next significant digit.
The datq given in this Table 18 does not take into account the influencé of tracking phenomena. For that purpose,
Table 14 shall be taken into account. Therefore, if values in Tablé 18 are smaller than those in Tablg 17, the
values of Table 17 apply.

5.4.4 Solid insulation
5.4.4.1 General requirements
The requirements of this subclause apply to solid insulation, including compounds |and gel

materials used as insulation. When-the solid insulation is exposed to frequencie$ above
30 kHz,|the requirements of 5.4.4:9also apply.

Solid insulation shall not.break down due to:

— overpoltages, including transients, that enter the equipment, and peak voltages tha can be
genegrated within_the equipment; and
— pinhples in thittlayers of insulation.

Enamelled coatings shall not be used for basic insulation, supplementary insulation or
reinforged/insulation except as given in G.6.2.

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 impact test as specified in
Clause T.9. Damage to the finish, small dents that do not reduce clearances below the
specified values, surface cracks and the like are ignored. If a through crack appears,
clearances and creepage distances shall not be reduced below the specified values.

For printed boards, see Clause G.13. For antenna terminals, see 5.4.5. For solid insulation
on internal wiring, see 5.4.6.
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5.4.4.2 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
Figure O.16):

— if the working voltage does not exceed ES2 voltage limits, there is no requirement for
distance through insulation;

— if the working voltage exceeds ES2 voltage limits, the following rules apply:
o for basic insulation, no minimum distance through insulation is specified;

o for supplementary insulation or reinforced insulation comprised of a single layer, the

pipimdm-distance-through-nrsulation-shall-be-0-4—wmm;

o fpr supplementary insulation or reinforced insulation comprised of multiplg layers,
the minimum distance through insulation shall comply with 5.4.4.6.

5.4.4.3 Insulating compound forming solid insulation
There i§ no minimum internal clearance or creepage distance required if:

— the jnsulating compound completely fills the casing of a component or subassembly,
incldding a semiconductor device (for example, an optocouplet); and

— the gomponent or subassembly meets the minimum distances through insulation of|5.4.4.2;
and

— asingle sample passes the tests of 5.4.1.5.2.

NOTE Spme examples of such treatment are variously known.as potting, encapsulation and vacuum impfegnation.

Such canstructions containing cemented joints:shall also comply with 5.4.4.5.
Alternatjve requirements for semiconductoridevices are given in 5.4.4 .4,
For printed boards, see Clause G.13 and for wound components, see 5.4.4.7.

Complignce is checked by sectioning the sample. There shall be no visible voids in the
insulating material.

5.4.4.4 Solid insulation in semiconductor devices

There i$ no minimum internal clearance or creepage distance, and no minimum distance
through|insulation for supplementary insulation or reinforced insulation consisting of an
insulating compound completely filling the casing of a semiconductor component (for example,
an optog¢oupler) provided that the component:

— passes the type tests and inspection criteria of 5.4.7; and passes routine tests for electric
strength during manufacturing, using the appropriate test in 5.4.9.2; or

— complies with Clause G.12.

Such constructions containing cemented joints shall also comply with 5.4.4.5.
Alternatively, a semiconductor may be evaluated according to 5.4.4.3.

5.4.4.5 Insulating compound forming cemented joints

The requirements specified below apply when an insulating compound forms a cemented joint
between two non-conductive parts or between another non-conductive part and itself. These
requirements do not apply to optocouplers that comply with IEC 60747-5-5.
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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 c) 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 requirements

b)

c)

Fora)a
case is

For b) 3
printed
heating

NOTE S

5.4.4.6
5.4.4.6.

There is
as basi

NOTE A
Figure 29

Insulatid
insulati

for d

istance through insulation of 5.4.4.2 do not apply along the joint.

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 5.4.1.5.2. The requirements for distance through insulation in
5.4.4.2 do not apply along the joint.

The
part

two n
the s

spiral
or

the jd
Figur|

two

requirements for distance through insulation of 5.4.4.2 apply between the go
5 along the joint. Additionally, three samples shall pass the test of 5.4.7.

nd b) above, if the insulating materials involved have different material groups, t
Lsed. If a material group is not known, Material Group Illb shall be used.

nd c) above, the tests of 5.4.1.5.2 and 5.4.7 are not applied‘tothe inner lay

test of 5.4.1.4 does not exceed 90 °C.

bme examples of cemented joints are as follows:

bn-conductive parts cemented together (for example, two layers of a multilayer board, see Figur
blit bobbin of a transformer where the centre limb is securéd by adhesive (see Figure O.16);
ly wrapped insulation on a winding wire, sealed by adhesive insulating compound, is an examp

int between a non-conductive part (the casing)«and'the insulating compound itself in an optoco
e 0.15).

Thin sheet material

( General requirements

C insulation.

h instrument to carry out the electric strength test on thin sheets of insulating material is de

n in thin sheet materials can be used for supplementary insulation and rei

fon, irrespective of the distance through insulation, provided that:

br more layers are used; and

the i

board made using pre-preg if the temperature of the printed-board measured dy

no dimensional or constructional requirement for insulation in thin sheet matern

hductive

ne worst

ers of a
ring the

e O0.14) or
e of PD1;

ipler (see

ial used

bcribed in

hforced

nsulation is within the equipment enclosure; and

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.

The two or more layers are not required to be fixed to the same conductive part. The two or
more layers may be:

fixed to one of the conductive parts requiring separation; or

shar

ed between the two conductive parts; or

not fixed to either conductive part.
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For insulation in three or more layers of non-separable thin sheet materials:

—  mini

mum distances through insulation are not required; and

— each layer of insulation can be made of different material.

5.4.4.6.2 Separable thin sheet material

In addition to the requirements of 5.4.4.6.1, for:

— supplementary insulation consisting of two layers of material, each layer shall pass the
electric strength test for supplementary insulation; or

— supplementary insulation consisting of three layers of material, any combination of two

laye

— rein

stremgth test for reinforced insulation; or

— rein
shal

If more
Each gr

A testo

There ig

5.4.4.6.
For insy

of 5.4.4
of insula

Complig

pass the electric strength test for reinforced insulation.

than three layers are used, layers may be divided into two or.three groups o

h a layer or group of layers is not repeated on an identical layer or group.

B Non-separable thin sheet material
lation consisting of non-separable thinksheet materials, in addition to the requi

tion to be of the same material and’thickness.
nce is checked by inspection and by the tests specified in Table 19.

Table 19 — Tests for insulation in non-separable layers

rs—stattpass-theetectricstrengtirtestforsupptementary-insutation,or—
forced insulation consisting of two layers of material, each layer shall pass the electric

bup of layers shall pass the electric strength test for the appropriate insulation,

forced insulation consisting of three layers of material, any combination of twp layers

layers.

no requirement for all layers of insulation to be-of the same material and thickjness.

rements

6.1, the test procedures in Table 19 are applied. There is no requirement for afll layers

N

umber of layers ‘ Test procedure

Supplementary insulation

Two or 1

hore layers: ‘ The test procedure of 5.4.4.6.4 is applied

Reinforced insulation

Two lay4

rs: The test procedure of 5.4.4.6.4 is applied

Three o

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.

a

Where the insulation is integral to winding wire, the test does not apply.

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 5.4.9.1 to all
layers together. The test voltage is:

- 200
- 150

% of Uyggy If two layers are used; or

% of Uyt if three or more layers are used,
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where Uy Is the test voltage specified in 5.4.9.1 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 that the
test voltage will be divided unequally between layers, causing breakdown of a layer that would have passed if tested

separately.

5.4.4.6.5 Mandrel test

The test requirements for reinforced insulation made of three or more thin insulating sheets

of material that are inseparable are specified below.

NOTE This test is based on IEC 61558-1 and will give the same results.

Three tgst samples, each individual sample consisting of three or more layers of nof-s4

parable

thin shepet material forming reinforced insulation, are used. One sample is fixed-to.the mmandrel
of the tagst fixture given in Figure 25. The fixing shall be performed as shown in Figure |26.

Dimensions in nf

\ /
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- /
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Each side
Side view
Material: corrosion-resistant metal
Detail A - Tip
R0,5 £0,02
v
A
=]
60° £5° ~
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Figure 25 — Mandrel

illimetres


https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

- 118 — IEC 62368-1:2023 © |IEC 2023

Dimensions in millimetres

=
==
Z
7
=
==

Fixing system
")

1N#0,1N

Metal foil

Fi

A pull i
mandre

—  from

— ase

If a sam
this dog

After thd
200 mm
mandre
not oxid
18 mm

weights

is rotated:

the initial position (Figure 26) to the final position (Figure 27) and back;
cond time from the initial position-t&’the final position.

ple breaks during rotation where it is fixed to the mandrel or to the clamping
s not constitute a failure. If:a~sample breaks at any other place, the test has fa

e above test, a sheet of metal foil with a thickness of 0,035 mm + 0,005 mm and|
long is placed aleng the surface of the sample, hanging down on each sid
(see Figure 27)( The surface of the foil in contact with the sample shall be con|

ized or otherwisé insulated. The foil is positioned so that its edges are not e

from the edges’ of the sample (see Figure 28). The foil is then tightened by tw

one at each end, using appropriate clamping devices.

Dimensions in nf

Tip 1N £0,1|N
Insulating material
150N +1p N
IEC IEC
The final positionrof the mandrel is rotatefd
230° £ 5° fromdhe-initial position.
gure 26 — Initial position of mandrel Figure 27— Final position of mandrel

b applied to the free end of the sample, usihg an appropriate clamping device. The

device,
fled.

at least
e of the
ductive,
ss than
o equal

illimetres

N

Insulating material
Metal foil

A
/
A
/
A
Y

+10
70 0

A
Y

IEC

Figure 28 — 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
5.4.9.1. The test voltage is 150 % of Uiy, but not less than 5 kV RMS, Uy, is the test voltage

specified in 5.4.9.1 for reinforced insulation as appropriate.

The test is repeated on the other two samples.

5.4.4.7

Solid insulation in wound components

Basic insulation, supplementary insulation or reinforced insulation in a wound component
may be provided by:

the
the

i[:sulaﬂon on wound components (see Clause G.b); or

insulation on other wire (see Clause G.6); or

a combination of the two.

Wound

components containing cemented joints shall also comply with 5.44%5.

Planar transformers shall comply with the requirements of Clause G.13.

5.4.4.8

Compliance criteria

Complignce with the requirements of 5.4.4.2 to 5.4.4.7 fofdthe adequacy of solid insuy
checked by inspection and measurement, taking into aceount Annex O, by the electric
tests of [6.4.9.1 and the additional tests required in 5.4.4.2 to 5.4.4.7, as applicable.

5.4.4.9

Solid insulation requirements at frequencies higher than 30 kHz

The suitability of the solid insulation shall be determined as follows:

Detdg

ma

ns power frequency Ep in kV/mm (RMS) for the insulating material. One of the f

methods shall be used to determine the value of Ep:

e the value declared by the“manufacturer based on material manufacturer’s data;

e the value from Table-20; or

o the value based on the test specified in IEC 60243-1.

The

manufactureriis responsible for determining the value.

Detgrmine the)reduction factor K for the breakdown electric field strength of the in
material aat\the applicable frequency from Table 21 or Table 22. If the material is

liste
orT

d iy Table 21 or Table 22, use the average reduction factor in the last row of 1

ation is
strength

rmine the value of the breakdown electric field strength of the insulation material at

bllowing

or

sulating

not one
lable 21

hhle 22 as applirahlp

Determine the value of the breakdown electric field strength at the applicable frequency Ef
by multiplying the value Ep with the reduction factor K.

EF:EPXKR

Determine the actual electric strength 74, of the insulating material by multiplying the value
Ep with the total thickness (4 in mm) of the insulating material.

VW:Ede

For basic insulation or supplementary insulation, I\, shall exceed the measured high

freq

uency peak of the working voltage V'py by 20 %.
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Vg > 1,2 X Vpy | 1,41

— Forreinforced insulation, 7\, shall exceed twice the measured high frequency peak of the
working voltage Vpyy, by 20 %.

Vg > 1,2 % 2 % Vpyy 1 1,41

As an alternative to the above, the electric strength test according to 5.4.9.1 may be applied
except that the mains frequency test voltage shall be as follows:

— for basic insulation: 1,2 x Vpw I Kr

— for reinforced insulation: 1,2 x 2 x Vpw ! Kg

There shall be no breakdown.
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Table 20 - Electric field strength Ep for some commonly used materials

-121 -

Breakdown electric field strength £,
kV/mm
Material Thickness of the material
mm
0,75 0,08 0,06 0,05 0,03

Porcelain 2 9,2 - - - -
Silicon-glass @ 14 - - - -
Phenolic 2 17 - - - -
Ceramic 2 19 - - - -
Teflon®F 4 27 - - - -
Melaminfe-glass @ 27 - - - -
Mica @ 29 - - - -
Paper phenolic @ 38 - - - -
Polyethylene P 49 - N 52 -
Polystyrene °© 55 65 - - -
Glass @ 60 - - - -
Kapton® 2 5 303 & - - -
FR530LF 33 - - - -
Mica-fillgd phenolic 2 28 - - - -
Glass-silicone laminate 2 18 - - - -
Cellulosg-acetobutyrate @ < - 120 - 210
Polycarfjonate ¢ - - 160 - 270
Cellulosp-triacetate @ - - 120 - 210
NOTE Missing values in the above and the values for other materials not in the list are under investigafion.
a8  For the breakdown electric field strength ‘of the specified materials, the EP value of 0,75 mm thickness may

be uged for all thicknesses.
b The EP value of 0,05 mm thickndss)is used for the insulation equal to or thinner than 0,05 mm. The EP value

of 0,5 mm thickness is used otherwise.
¢ The EP value of 0,08 mm/thickness is used for the insulation equal to or thinner than 0,08 mm. The EP value

of 0,5 mm thickness is-used otherwise.
4 The EP value of 0,03'mm thickness is used for the insulation equal to or thinner than 0,03 mm. The EP value

of 0,p6 mm thickness is used for the insulation equal to or thinner than 0,06 mm and greater than 0,03 mm.

4 Teflon® is the trademark of a product supplied by DuPont. This information is given for the convenience of users
of this document and does not constitute an endorsement by IEC of the product named. Equivalent products can
be used if they can be shown to lead to the same results.

5 Kapton® is the trademark of a product supplied by DuPont. This information is given for the convenience of users
of this document and does not constitute an endorsement by IEC of the product named. Equivalent products can
be used if they can be shown to lead to the same results.
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Table 21 — Reduction factors for the value of breakdown
electric field strength Ep at higher frequencies

Frequency
kHz
Material 2 30 | 100 | 200 | 300 | 400 | 500 | 1000 | 2000 | 3000 | 5000 | 10000
Reduction factor Ky

Porcelain 052 ] 042 | 040 | 039 | 038 | 037 | 036 | 035 | 035 | 0,34 | 0,30
Silicon-glass 079 | 0,65 | 057 | 053 | 0,49 | 046 | 039 | 033 | 031 | 029 | 0,26
Phenolic 082] 071 | 053 | 042 | 036 | 034 | 024 | 016 | 0,14 | 0,13 | 0,12
Ceramic U785 064 [ U6Z | U56 US54 | U5T U6 U242 U037 U35 0,29
Teflon® 057 | 054 | 052 | 051 | 048 | 046 | 045 | 044 | 041 | 037°|| 022
Melaming-glass | 0,48 | 0,41 | 0,31 | 027 | 024 | 022 | 0,16 | 0,12 | 0,10 [ 0,00 || 0,06
Mica 069 | 055 | 048 | 045 | 041 | 038 | 034 | 028 | o026 | 0,24 | 020
Paper phenolic | 0,58 | 0,47 | 0,40 | 032 | 026 | 023 | 0,16 | 0,11 008 | 0,06 || 0,05
Polyethylene 036 | 028 | 022 | 021 | 0,20 | 019 | 0116 | 0,34 0,12 | 0,12 | 0,11
Polystyrgne 035] 022 | 015 | 0,13 | 0,13 | 011 | 0,08 } 006 | 0,06 | 0,06 0,06
Glass 037 ] 021 | 015 | 0,13 | 0,11 | 010 | 0,08 70,06 | 0,05 | 0,05 0,04
Other m4terials | 0,43 | 0,35 | 0,30 | 0,27 | 025 | 024 [,020 | 0,17 | 0,16 | 0,14 || 0,12

If the frequency lies between the values in any two columns, the reduction factor value in the next column shall be
used or p logarithmic interpolation may be used between anystwo adjacent columns with the calculafed value
rounded down to the nearest 0,01 value.

2  This ¢lata is for materials that are 0,75 mm thick.

Table 22 — Reduction factors for the value of breakdown electric
field strength Ep athigher frequencies for thin materials

Frequency
kHz

Thin material 30 ‘ 100 | 200 | 300 ‘ 400 ‘ 500 ‘ 1000 ‘2000‘ 3000 ‘5000‘ 10 000

Reduction factor Ky

Cellulosg-acetobutyrate

0,67| 0,43 | 0,32 | 0,27 | 0,24 | 0,20 | 0,15 0,11 0,09 | 0,07 (| 0,06
(0,03 mm)

Cellulosg-acetoputyrate

0,69| 0,49 | 0,36 | 0,30 | 0,26 | 0,23 | 0,17 0,13 | 0,11 0,08 || 0,06
(0,06 mm)

Polycarbpnate’(0,03 mm) [0,61| 0,39 | 0,31 0,25 (0,23 | 0,20 | 0,14 0,70 | 0,08 | 0,06 0,05

Polycarbonate (0,06 mm) 0,70| 0,49 0,39 0,33 | 0,28 | 0,25 0,19 0,13 0,11 0,08 0,06

Cellulose-triacetate

0,67 | 0,43 0,31 0,26 | 0,23 | 0,20 0,14 0,10 0,09 0,07 0,06
(0,03 mm)

Cellulose-triacetate

0,72| 0,50 | 0,36 | 0,31 | 0,27 | 0,23 | 0,17 0,193 | 0,10 | 0,170 | 0,06
(0,06 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

If the frequency lies between the values in any two columns, the reduction factor value in the next column shall be
used or a logarithmic interpolation may be used between any two adjacent columns with the calculated value
rounded down to the nearest 0,01 value.
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5.4.5 Antenna terminal insulation
5.4.51 General
The insulation

— between mains and antenna terminals; and

— between mains and external circuits providing non-mains supply voltages to other
equipment having antenna terminals

shall withstand electrostatic discharges at the antenna terminals.

This test-dees—retapphyte:

— equipment where one antenna terminal on the equipment is connected~itor ¢arth in
accdgrdance with 5.6.7;

— equipment with only antenna terminals intended for connection to an indooer antennja only.

NOTE Irf China, connection of the CATV to the main protective earthing terminal of gquipment is not pgrmitted.
5.4.5.2 Test method

The sample is subjected to 50 discharges from the antenna interface test generator (gircuit 3)
of Clause D.2, at not more than 12 discharges per minute) with U, equal to 10 kV. The

equipment shall be placed on an insulating surface. The anténna interface test generatqr output
shall bel connected to the antenna terminals connected together and to the mains términals
connected together. If the equipment has external. circuits providing non-mains| supply
voltageg to other equipment having antenna terminals, the test is repeated with the génerator
connected to the mains terminals connected .fogether and the external circuit términals
connected together. The equipment is not energized during these tests.

NOTE Tgst personnel are cautioned not to touch_the equipment during this test.
5.4.5.3 Compliance criteria

Complignce is checked by measuring the insulation resistance with 500 V DC.

The equipment complies Mith'the requirement if the insulation resistance measured after 1 min
is not less than the values/given in Table 23.

Table 23 — Values for insulation resistance

Insulation requirements between parts Insulation res|stance
MQ
Between parts separaied by basic insulation or by supplementary insulation 2
Between parts separated by double insulation or reinforced insulation 4

As an alternative to the above, compliance may be checked by an electric strength test in
accordance with 5.4.9.1 for basic insulation or reinforced insulation as applicable. The test
voltage shall be the highest of the test voltages determined by methods 1, 2 and 3. There shall
be no insulation breakdown.

5.4.6 Insulation of internal wire as a part of a supplementary safeguard

The requirements of this subclause apply where the insulation of an internal wire, alone, meets
the requirements for basic insulation, but does not meet the requirements for supplementary
insulation.
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Where wire insulation is used 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; and

— 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; and

— the wire is routed and fixed such as not to touch unearthed accessible conductive parts;
and

— the wire insulation passes the electric strength test of 5.4.9.1 for supplementary
insulation; and

— the distance through the wire insulation shall be at least as given in Table 24.

Table 24 — Distance through insulation of internal wiring

Working voltage in case of failure of basic insulation Minimum distance through insplation
V peak or DC V RMS (sinusoidal) mnj
>71<350 > 50 < 250 0,17
> 350 > 250 0,31

Complignce is checked by inspection and measurement, and by the test of 5.4.9.1.

5.4.7 Tests for semiconductor components and for cemented joints

Three spmples are subjected to the thermal cycling’ sequence of 5.4.1.5.3. Before testing a
cemented joint, any winding of enamelled wire used in the component is replaced by metal foil
or by a few turns of bare wire, placed close tg the cemented joint.

The thrée samples are then tested as folaws:

— one pfthe samples is subjected-to the electric strength test of 5.4.9.1, immediately after the
last period at (T, + 2) °C during-thermal cycling, except that the test voltage is multiplied by

1,6, land

— the pther samples are«subjected to the relevant electric strength test of 5.4.9.1 after the
humjdity conditioning.of 5.4.8, except that the test voltage is multiplied by 1,6.

Complignce is checked by test and the following inspections:

Except for cemented joints on the same inner surface of a printed board, compliance is ¢ghecked
by inspéction of the cross-sectional area, and there shall be no visible voids, gaps or gracks in
the insulating material.

In the case of insulation between conductors on the same inner surface of printed boards and
the insulation between conductors on different surfaces of multilayer boards, compliance is
checked by external visual inspection. There shall be no delamination.

5.4.8 Humidity conditioning

Humidity conditioning is carried out for 48 h in a cabinet or room containing air with a relative
humidity of (93 £ 3) %. The temperature of the air, at all places where samples can be located,
is maintained within £ 2 °C of any value T between 20 °C and 30 °C so that condensation does
not occur. During this conditioning, the component or subassembly is not energized.

For tropical conditions the time duration shall be 120 h at a temperature of (40 + 2) °C and a
relative humidity of (93 £ 3) %.
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Before the humidity conditioning, the sample is brought to a temperature between the specified
temperature T and (T + 4) °C.

5.4.9 Electric strength test
5.4.9.1 Test procedure for type testing of solid insulation
Unless otherwise specified in this document, compliance is checked either:

— IiImmediately following the temperature test in 5.4.1.4; or

— if a component or subassembly is tested separately outside the equipment, it is brought to
the temperature attained by that part during the temperature test in 5.4.1.4 (for example, by

. ] ) . - £ : ol I fopar 4 S 4
pIaC g 1T arr Overl) Orior tO PCrTorrimmTyg tric CICUUTC SUTCTTYUrn (Col.

Alternatjvely, thin sheet material for supplementary insulation or reinforced insulatjon may
be tested at room temperature.

Unless ptherwise specified in this document, the test voltage for the electric’strength of basic
insulatiion, supplementary insulation or reinforced insulation is the-highest valup of the
following three methods:

— Method 1: Determine the test voltage according to Table 25\uSing the required withstand
voltage (based on transient voltages from the AC mainsXor DC mains or from éxternal
circyits).

— Method 2: Determine the test voltage according to Fable 26 using the peak of the working
voltage or the recurring peak voltages, whichever.s-higher.

— Method 3: Determine the test voltage according.to Table 27 using the nominal AC mains
voltgge (to cover temporary overvoltages).

The inslilation is subjected to the highest testvoltage as follows:

— by applying an AC voltage of substantially sine-wave form having a frequency of $0 Hz or
60 Hz; or

— by applying a DC voltage forthe time specified below.

The vollage applied to the insulation under test is gradually raised from zero to the prg¢scribed
voltage land maintained atithat value for 60 s (for routine tests see 5.4.9.2).

Where necessary, thé.insulation is tested with a metal foil in contact with the insulating surface.
This prdcedure isdiniited to places where the insulation is likely to be weak (for exampleg, where
there ane sharp(metal edges under the insulation). If practicable, insulating linings arg tested
separately. Care is taken that the metal foil is so placed that no flashover occurs at the edges
of the irfsulation. Where adhesive metal foil is used, the adhesive shall be conductive.

To avoid damage to components or insulations that are not involved in the test, ICs or the like,
may be disconnected and equipotential bonding may be used. A varistor complying with
Clause G.8 may be removed during the test.

For equipment incorporating basic insulation and supplementary insulation in parallel with
reinforced insulation, care is taken that the voltage applied to the reinforced insulation does
not overstress basic insulation or supplementary insulation.

Where capacitors are in parallel with the insulation under test (for example, radio-frequency
filter capacitors) and the capacitors can affect the test results, DC test voltages shall be used.

Components providing a DC path in parallel with the insulation to be tested, such as discharge
resistors for filter capacitors and voltage limiting devices, may be disconnected.
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Where insulation of a transformer winding varies along the length of the winding in accordance
with 5.4.1.6, an electric strength test method is used that stresses the insulation accordingly.

EXAMPLE Such a test method can be an induced voltage test that is applied at a frequency sufficiently high to
avoid saturation of the transformer. The input voltage is raised to a value that would induce an output voltage equal
to the required test voltage.

Table 25 — Test voltages for electric strength tests based on transient voltages

Required withstand voltage Test voltage for basic insulation Test voltage for
up to and including or supplementary insulation reinforced insulation
kV peak kV peak or DC
n,'z'z ﬂ’QQ ﬂ’R
0,5 0,5 0,8
0,8 0,8 1,5
1,5 1,5 2,5
2,5 2,5 4
4 4 6
6 6 8
8 8 12
12 12 18
Ug 2 Ug ? 1,5 x Uy 2

Linear interpolation may be used between the nearest two points.

@ Ugig any required withstand voltage higher than 12 kV,

Table 26 — Test voltages for electric strength tests based on the peak
of the working voltages and recurring peak voltages

Voltage Test voltage for basic insulation Test voltage for
up to and including or supplementary insulation reinforced insulatign
kV peak kV peak or DC
0,33 0,43 0,53
0,5 0,65 0,8
0,8 1,04 1,28
1,5 1,95 2,4
2,5 3,25 4
4 52 6.4
6 7.8 9,6
8 10,4 12,8
12 15,6 19,2
Up @ 1,3x U2 1,6 x Up @

Linear interpolation may be used between the nearest two points.

@ Up is any voltage higher than 12 kV.
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Table 27 — Test voltages for electric strength tests based on temporary overvoltages

Nominal mains system voltage Test voltage for basic insulation Test voltage for
or supplementary insulation reinforced insulation
V RMS kV peak or DC
Up to and including 250 2 4
Over 250 up to and including 600 2,5 5

Dimensions in millimetres

Metal pin having a

massof100giSQ\

Metal frame holding the upper pin in an upright
position and allowing it to move up and down

25 0,1

The edges of the fest pin
rounded with a raflius

of 0,5 mm
Specimen ____prazzzz,
under test

250,1_|

A

/4

Terminals for test voltage Insulating

base
IEC

NOTE When applying-the test fixture, ensure that the specimen sample diameter is of sufficient size o prevent
breakdowp around\the edges.

Higure 29 — Example of electric strength test instrument for solid insulation

NOTE Thin sheet insulation can be tested using the instrument of Figure 29.

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.

5.4.9.2 Test procedure for routine tests
Where required, routine tests are performed according to 5.4.9.1, except for the following:

— the test may be performed at room temperature; and
— the duration of the electric strength test shall be between 1 s to 4 s; and
— the test voltage may be reduced by 10 %.
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NOTE Routine testing for equipment is specified in IEC 62911.

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.

5.4.10 Safeguards against transient voltages from external circuits
5.4.10.1 Requirements

Adequate electrical separation shall be provided between the circuitry intended to be connected
to extennal circuits with a transient as indicated in Table 13, ID 1a, Figure 30 and:

a) non-conductive parts and unearthed conductive parts of the equipment expeeted to|be held
or ofherwise 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 natebook computer);

b) accessible parts and circuitry, 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;

c) another ES1 or ES2 part separated from the circuitry intended to be connected to an
external circuit. The requirement for separation applies whether or not the ES1 or ES2 part
is agcessible.

These requirements do not apply where circuit analysis¢éand equipment investigation jindicate
that adgquate protection is assured by other means (forexample, between two circuits|each of
which has a permanent connection to protective earth):

Connection for AC
mains $upply
(not corfnected) L Connection for af
external circuit as
indicated in Tablg 13,
ID 1a (not connegted)

O N

EYUT
Jy l J} Jz J> J, Jy l *Typical for
hand-held parts
/ Conductive foil
Linked for
c) only c) b) a) T C

— PE |

&

generator

>

IEC

Figure 30 — Application points of test voltage
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5.4.10.2 Test methods
5.4.10.2.1 General

The separation is checked by the test of either 5.4.10.2.2 or 5.4.10.2.3.

NOTE In Australia, the tests of both 5.4.10.2.2 and 5.4.10.2.3 apply.
During the test:

— all conductors intended to be connected to the external circuit are connected together,
including any conductors that could be connected to earth in the external circuit; and

— all canductors intended to he connected to other external circuits are also connected
togefther.

Table 28 — Test values for electric strength tests

Impulse test (see Annex D)
Parts Steady stdte test
U, Test generator
Parts indlicated in 5.4.10.1 a) @ 2,5 kV circuit A 1,5 kM
Parts indicated in 5.4.10.1 b) and c) P 1,5 kV circuit ¥ ¢ 1,0 kV

a8 Surgle suppressors shall not be removed.
b Surge suppressors may be removed, provided that such devicés\pass the impulse test of 5.4.10.4.2 when
testdd as components outside the equipment.

¢ Durifg this test, it is allowed for a surge suppressor to operatée and for a sparkover to occur in a GDT].

5.4.10.2.2 Impulse test

The eldctrical separation is subjected “to ten impulses of alternating polarity as given in
Table 28. The interval between successive impulses is 60s. U, is the value to which the

capacitar shall be charged.

NOTE Ir] Australia, a value of Uy = 7,0 kV is used for hand-held telephones and for headsets and 2,5 k\f for other
equipmenft in 5.4.10.1 a). The 7. kVMaimpulse simulates lightning surges on typical rural and semi-rural network lines.

5.4.10.2.3 Steady state test

The elettrical separation is subjected to an electric strength test according to 5.4.9.1, with a
voltage las given.in Table 28.

NOTE In Australia, the steady state test voItage is 3 kV for 5 4.10.1 a), and 1,5 kV for 5.4. 10 1 b) and|c). These
values ha distribution
system.

5.4.10.3 Compliance criteria
During the tests of 5.4.10.2.2 and 5.4.10.2.3:

— there shall be no insulation breakdown; and

— except as indicated in Table 28, footnote ¢, a surge suppressor shall not operate, or a
sparkover shall not occur within a GDT.

For the electric strength 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.
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For the impulse tests, insulation breakdown is verified in one of the following two ways:

— during the application of the impulses, by observation of oscillograms, surge suppressor
operation or breakdown through insulation is judged from the shape of an oscillogram;

— after application of all the impulses, by an insulation resistance test. Disconnection of surge
suppressors is permitted while insulation resistance is being measured. The test voltage is
500 V DC or, if surge suppressors are left in place, a DC test voltage that is 10 % less than
the surge suppressor operating or striking voltage. The insulation resistance shall not be

less
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protlllective earthing conductor, including instructions for the installation of that cg
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Separation between external circuits and earth

General

bquirements apply only to equipment with external circuits intended for conne
wiring that is expected to leave the environment in which it is located.

pquirements do not apply to any of the following:

nanently connected equipment;

gable equipment type B;

onary pluggable equipment type A, that is intended.to-be used in a locatior
potential bonding (such as a telecommunication centre) a dedicated computer
ective earthing connection of the socket-outlet’by/a skilled person;

onary pluggable equipment type A, that has provision for a permanently co

ilding earth by a skilled person.
Requirements

hall be separation between circuitry intended to be connected to external
d above and any parts or circuitry that will be earthed in some applications
e EUT or via other equipment.

ed to external circuits and earth shall have a minimum rated operating volt
Mmple, the sparKoyer voltage of a gas discharge tube) of:

U,

op = Upeak * AUgp + AU,

peak

ction to

having
room or
n of the

nnected
nductor

circuits
5, either

d to be
nge Uop

peak

AUs,

AU,

vVerorooT

— for equipment intended to be installed in an area where the nominal
of the AC mains exceeds 130 V: 360 V;
— for all other equipment: 180 V.

voltage

is the negative tolerance of the rated operating voltage due to variations in the
surge suppressor production, obtained by subtracting the minimum rated
operating voltage from the nominal rated operating voltage. If this is not
specified by the surge suppressor manufacturer, AU, shall be taken as 10 %

of the rated operating voltage of the surge suppressor.

is the change of the rated operating voltage due to the surge suppresso

r ageing

over the expected life of the equipment, obtained by subtracting the minimum
operating voltage after ageing from the rated operating voltage. If this is not
specified by the surge suppressor manufacturer, AUy, shall be taken as 10 %

of the rated operating voltage of the surge suppressor.
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(AUSp + AUg,) may be a single value provided by the component manufacturer.

5.4.11.3 Test method and compliance criteria

Compliance is checked by inspection and by the electric strength test of 5.4.9.1 with a test
voltage according to Table 25 for basic insulation or supplementary insulation based on the
required withstand voltage for the mains voltage of the equipment.

Components, other than capacitors, that bridge the separation may be removed during electric
strength testing. Components that are left in place during the test shall not be damaged.

If companents are remaoved_ the fnllnwing additional test with a test circuit nr‘r‘nfding to
Figure 31 is performed with all components in place.

For equljpment powered from AC mains, the test is performed with a voltage equal to the rated
voltage| of the equipment or to the upper voltage of the rated voltage range." For equipment
powered from DC mains, the test is performed with a voltage equal to(the highest |nominal
voltage lof the AC mains in the region where the equipment shall be used (for example, 230 V
for Eurdpe or 120 V for North America).

The curtent flowing in the test circuit of Figure 31 shall not exceed”10 mA.

Components bridging fthe
insulation, for example,

surge suppressors
Connection for | / _
mains supply Connection fpr _
(npt connected) — ) an external dJreuit
L 4 / i (not connectgd)
EUT T Y
Insulation
Connection for protective
earth pr parts or circuitry
to be ponnected to
protegtive earth A

Rated voltage
5000 Q

() N
N -/

IEC

Figure/31 — Test for separation between an external circuit and earth

5.4.12 | Insulating liquid

5.4.12.1 General requirements

An insulating liquid used as a safeguard shall not break down due to overvoltages, including
transients, that enter the equipment, and peak voltages that could be generated within the
equipment.

The insulating liquid shall comply with 5.4.12.2 and 5.4.12.3. The container for the insulating
liquid shall comply with 5.4.12.4.

5.4.12.2 Electric strength of an insulating liquid

The electric strength of the insulating liquid shall comply with the electric strength test in 5.4.9
with the insulating liquid in the equipment.
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5.4.12.3 Compatibility of an insulating liquid
The insulating liquid shall not react with or otherwise deteriorate safeguards, such as:

— solid insulation; or
— the insulating liquid itself.

For insulating liquids with a thermal classification of IEC 60085 Class 105 (A), compliance is
checked by operating the immersed equipment for 60 days followed by an electric strength test
in accordance with 5.4.9. There shall be no breakdown and there shall be no visible damage or
deformation of the other immersed equipment safeguards.

H ) ol L L ol . o e 4 4 4.2 L Jorl.
For higherthermatctassestherequirementsof-54-+=#-3—areappticabte:

5.4.12.1 Container for insulating liquid
n

The conftainer for the insulating liquid shall be provided with a means of pressure relief if there
is a cloged vessel.

The insplating liquid container shall comply with G.15.2.1 for a closed vessel.

For an insulating liquid that is also considered to be a hazafdous substance, the cpntainer
shall aldo comply with the requirements of 7.2.

Complignce is checked by the relevant tests.

5.5 Clomponents as safeguards
5.5.1 General

A component is considered a safeguard ifithe classification of the energy source increases due
to a faillire of the component.

A component used as a safeguard shall:

— comply with all the applicable requirements for that safeguard; and

— be used within its ratings.
NOTE Sge Annex G for.the qualification of components used as a safeguard.
5.5.2 Capacitors and RC units

5.5.2.1 General requirements

Capacitors and RCT units that Serve as (electirical) safeguards shall comply with TEC 60384-14.
RC units can consist of discrete components.

Capacitors and RC units with one or multiple capacitors shall comply with Clause G.11.
However, the requirements of Clause G.11 do not apply to a capacitor and RC unit used as a
basic safeguard between any of the following:

— ES3 isolated from the mains and protective earth;

— ES2 and protective earth;

— ES2 and ES1;

which pass the electric strength test of 5.4.9.1, taking into account the total working voltage

across the capacitor(s) and RC unit. Capacitors complying with IEC 60384-14 and G.11.3 do
not need to be tested.
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Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor,
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating
of the relevant individual capacitors.

NOTE In Norway, due to the IT power distribution system used, capacitors are required to be rated for the applicable
line-to-line voltage (230 V).

Class X capacitors can be used as basic safeguards in circuits isolated from the mains but
shall not be used as a:

— basic safeguard in circuits connected to the mains; or
— supplementary safeguard.

Class X|capacitors shall not be used as a reinforced safeguard.

5.5.2.2 Capacitor discharge after disconnection of a connector

Where @ capacitor voltage becomes accessible upon disconnection .@f)a connegtor (for
example, the mains connector) the accessible voltage measured 5 s afterydisconnectiaon of the
connectpr for pluggable equipment type B and 2 s after disconnection, of any other copnector,
shall comply with:

— the ES1 limits of Table 5 under normal operating conditions for an ordinary person; and

— the ES2 limits of Table 5 under normal operating conditions for an instructed person;
and

— the ES2 limits of Table 5 under single fault conditions for both an ordinary person and
an i;rostructed person.

A resistor or a group of resistors used as a.Safeguard against capacitor dischargg is not
subjected to simulated single fault conditions if the resistor or the group of resistors gomplies
with 5.5]6.

If an IC [that includes a capacitor discharge function (ICX) is used to comply with the above:

— the accessible voltage (forrexample, at the mains connector) shall not exceed the limits
givep above under a single“fault condition of an ICX or of any one componernt in the
assdciated capacitor discharge circuit; or

— the |CX with the agsoeiated circuitry as provided in the equipment shall comply with the
requirements of Glause G.16. Any impulse attenuating components (such as varisfors and
GDT|s) are diseonnected; or

— thre¢ samples of the ICX tested separately shall comply with the requirenjents of
Clause G:16.

The mejasufement is made with an instrument having an input impedance consisting of a
resistance of 100 MQ £ 5 MQ in parallel with an input capacitance of 25 pF or less.

If a switch (for example, the mains switch) has an influence on the test result, it is placed in
the most unfavourable position. The disconnection of the connector (start of discharge time)
shall be done at the moment when the input capacitor of the device under test is charged to its
peak value.

Other methods that give a similar result as the above method may be used.

5.5.3 Transformers

Transformers used as a safeguard shall comply with G.5.3.
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5.5.4 Optocouplers

Insulation of optocouplers used as a safeguard shall comply with the requirements of 5.4 or
with Clause G.12.

5.5.5 Relays

Insulation of relays used as a safeguard shall comply with the requirements of 5.4.

5.5.6 Resistors

The following resistor applications shall comply with the relevant tests as indicated in Table 29:

— asingle resistor used as a reinforced safeguard or for bridging reinforced insuldtion;

— aresistor or a group of resistors serving as a safeguard between a circuit connectad to the
mains and a circuit intended to be connected to coaxial cable;

— resigtors serving as a capacitor discharge safeguard.

NOTE Il Finland, Norway and Sweden, resistors used as a basic safeguard or for(bridging basic insplation in
class | pluggable equipment type A shall comply with the relevant requirements of\Clause G.10.

In addit|on, resistors that bridge basic insulation, supplementary insulation or reipnforced
insulatilon shall comply with each of the following:

— asingle resistor or a group of resistors shall comply with*clearance and creepage distance
requlilrements of 5.4.2 and 5.4.3, respectively, between'its terminations for the total working
voltage across the insulation (see Figure 0.4);

— for @ group of resistors used as a reinforced safeguard or for bridging reipforced
insulation, the clearance and creepage distance are assessed as if each resis{or were
short-circuited in turn unless the group complies with the relevant requirements of
Clauyse G.10.

Table 29 — Overview of tests for resistor applications

Conditioning | Resistor test Voltage surge Impulse test | Overload test
Resistor application test
G.10.2 G.10.3 G.10.4 G.10.5 G}10.6
Reinforcpd safeguard or
bridging reinforced X X
insulation
Between @ mains connécted
. . X X X
circuit anfl a coaxial_cable
Capacitof discharge X X
safeguard

5.5.7 Surge suppressors
Where a varistor is used between a mains circuit at ES3 voltage and protective earthing:

— the earth connection shall comply with 5.6.7; and
— the varistor shall comply with Clause G.8.

Where a varistor is used between line and neutral or between lines, it shall comply with
Clause G.8.

Where surge suppression is used between the mains and protective earthing, it shall consist
of a varistor and a GDT connected in series, where the following applies:

— the varistor shall comply with Clause G.8;
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— the GDT shall comply with:

o the electric strength test of 5.4.9.1 for basic insulation with a test voltage according to
Table 26 and Table 27; and

e the external clearance and creepage distance requirements of 5.4.2 and 5.4.3
respectively for basic insulation.

NOTE 1 Some examples of surge suppressors are MOVs, varistors and GDTs. A varistor is sometimes referred to
as a VDR or a metal oxide varistor (MOV).

NOTE 2 In class Il equipment, surge suppressors are sometimes used between the mains and an external circuit
as defined in Table 13, ID 1a, 1b and 1c to protect internal circuits from a lightning surge. Information related to the
use of surge suppressors for such purposes is given in IEC TR 62368-2:20—, Annex A.

The abdve requiremenis do not apply o surge suppressors connected to reliable farthing
(see 5.9.7).

NOTE 3 |lIt is not a requirement of this document that surge suppressors comply with any particular cpmponent
standard.|However, attention is drawn to the IEC 61643 and IEC 61051 series of standards,cinparticular:

— IEC g§1051-2 (surge suppression varistors)

— IEC g1643-21 (surge protective devices connected to telecommunications and signalling networks)
— IEC g1643-311 (gas discharge tubes)

— |IEC g1643-321 (avalanche breakdown diodes)

— IEC g1643-331 (metal oxide varistors)

— IEC g1643-341 (thyristor surge suppressors TSS).

NOTE 4 |[Surge suppressors between an external circuit and €arth are not considered to be a safeguard.
Requiremgnts for those surge suppressors are covered in 5.4.11.2.

5.5.8 Insulation between the mains and an-external circuit consisting of a coaxial
cable

The insdlation between the mains and the\connection to a coaxial cable, including any|resistor
in parallel with this insulation, shall be able to withstand voltage surges from the ¢xternal
circuit and from the mains.

This redquirement does not apply_in any of the following equipment:

— equipment for indoor uSe provided with a built-in (integral) antenna and not provided with a
conrjection to a coaxial'cable;

— equipment conngcted to a reliable earthing in accordance with 5.6.7.

The combinatioh of the insulation with the resistor is tested after conditioning any repgistor in

parallel|with this insulation, either alone or combined with this insulation, according ta G.10.2
as folloys;

— for equipment intended to be connected to a coaxial cable connected to an outdoor antenna,
the voltage surge test of G.10.4; or

— for equipment intended to be connected to another coaxial cable, the impulse test of G.10.5;
or

— for equipment intended to be connected to both an outdoor antenna and other coaxial
connections, the voltage surge test of G.10.4 and the impulse test of G.10.5.

When G.10.5 requires only a 4 kV impulse test, this 4 kV impulse test is not required if the
insulation complies with the electric strength test in accordance with 5.4.9.1 with a minimum of
4 kV peak or DC.

The resistor may be removed during the tests. After the tests, the insulation shall comply with
5.4.5.3.
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5.5.9 Safeguards for socket-outlets in outdoor equipment

A residual current protective device (RCD) with rated residual operating current not exceeding
30 mA shall be used in the mains supply to socket-outlets intended for general use.

The RCD shall be an integral part of the outdoor equipment or shall be part of the building
installation. If the RCD is not an integral part of the equipment, the instructions shall provide
the installation requirements for the RCD.

Compliance is checked by inspection.

5.6 Protective conductor

5.6.1 General
Under normal operating conditions, a protective conductor can serve:

— as a|basic safeguard to prevent accessible conductive parts from exceeding ES|1 limits;
and

— as almeans to limit transient voltages in an earthed circuit.

Under jingle fault conditions, a protective conductor can serve as a supplementary
safegugdrd to prevent accessible conductive parts from exceeding ES2 limits.

5.6.2 Requirements for protective conductors
5.6.2.1 General requirements

Protectjve conductors shall not contain switches, current limiting devices or overcurrent
protectiye devices.

The curfent-carrying capacity of protective conductors shall be adequate for the dufation of
the faul{ current under single fault conditions.

The corlnections for the protective conductors shall make earlier and shall break later than
the supply connections in each of the following:

— a connector (on a cable) or a connector attached to a part or a subassembly tha{ can be
removed by otherthan a skilled person;

NOT It is good\practice that this construction also be applied when it is expected that the skilled pprson will
replage powered parts and assemblies while the equipment is operational.

— aplyg on a*power supply cord;

— an appliance coupler.

Solder shall not serve as the sole means to provide mechanical securement of a protective
conductor.

A protective conductor termination shall be made such that it is not likely to be loosened
during servicing, other than servicing of the actual conductor itself. A single terminal can be
used to connect multiple protective bonding conductors. A protective earthing conductor
termination shall not serve as a means to secure any component or part other than a protective
bonding conductor.

A single wiring terminal of the screw or stud type can be used to secure both the protective
earthing conductor and the protective bonding conductor in equipment having a non-
detachable power supply cord. In this case, the wiring termination of the protective earthing
conductor shall be separated by a nut from that of the protective bonding conductor. The
protective earthing conductor shall be on the bottom of the stack, so that it is the last
connection disturbed.
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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 except

in the fo

— fora

llowing two cases:

n earthing braid, the insulation, if provided, can be transparent;

— a protective bonding conductor in assemblies such as ribbon cables, bus bars, printed
wiring, etc., can be of any colour provided that no misinterpretation of the use of the
conductor is likely to arise.
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cept for multipurpose preassembled components (for example, multi-conducto
filters).

nce is checked by inspection.

Requirements for protective earthing conductors

not be
I cables

ve earthing conductors shall comply with the minimumconductor sizes in Taple G.7.

For permanently connected equipment provided with terminal(s) for connection to mainjs supply,

is made to the national building wiring requirements for the siz€ of the protective earthing con

IEC 60364-5-54 can also be used to determine the minimum conductor size.

ductor.

connected equipment supplied from a DC ‘mains, the protective earthing comnection

ctive earthing conductor serving® as a reinforced safeguard can be
le equipment type B or on permanently connected equipment only and sha

cluded in and protected by-a.sheathed power supply cord that complies with G
h is not lighter than heavi,duty as specified in Annex C of IEC 62440:2008; or

a minimum conductor size not less than 4 mm?Z if not protected from physical
a minimum coenhddctor size not less than 2,5 mm?2 if protected from physical ¢

rotected by-a conduit intended to be connected to the equipment and have a n
in accordance with Table 30.

Forf mains power supply cords, see also Clause G.7.

sed on
Il

7.1 and

amage;

amage;

hinimum

NOTE 4

A heavy duty cord jacket is considered suitable for protection against physical damage.

Table 30 — Protective earthing conductor sizes for reinforced safeguards
for permanently connected equipment

Protection provided by Minimum protective earthing

conductor size
2

mm
Non-metallic flexible conduit 4
Metallic flexible conduit 2,5
Non-flexible metal conduit 1,5

The protective earthing conductor is intended for installation by a skilled person.
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A protective earthing conductor serving as a double safeguard may be used on pluggable
equipment type B or on permanently connected equipment only and shall consist of two
independent protective earthing conductors.

Compliance is checked by inspection and measurement of protective earthing conductor
sizes in accordance with Table 30 or Table G.7 as applicable.

5.6.4 Requirements for protective bonding conductors
5.6.4.1 Requirements

Protective bonding conductors of parts required to be earthed for safety purposes shall
comply vithrorreof-the fu“uvvilly.

— the minimum conductor sizes in Table G.7; or

— if either the rated current of the equipment or the protective current rating of the circuit
excgeds 25 A, with the minimum conductor sizes in Table 31; or

— if both the rated current of the equipment and the protective current-rating of the circuit
do njpt exceed 25 A; either

e With the minimum conductor sizes in Table 31; or
e ith the limited short-circuit test of Annex R; or
— for components only, be not smaller than the conductors’ supplying power to the component.

If the rated current of the equipment is not declared by the manufacturer, it is the callculated
value ofithe rated power divided by rated voltage,

NOTE The value of the protective current rating is used'in"Table 31 and in the test of 5.6.6.2.
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Table 31 — Minimum protective bonding conductor size of copper conductors

Smaller of the rated current of the
equipment or the protective current rating
of the circuit under consideration

Minimum conductor sizes

Cross-sectional area

AWG

A mm?2 [cross-sectional area in mm?]
up to and including

3 0,3 22 [0,324]

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 . 12]

32 2,5 12 +13]

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 have been
rounded |to show significant figures only. AWG refers to the American Wire Gauge and the term "cmil" |refers to
circular thils where one &itcular mil is equal to (diameter in mils)2. These terms are commonly used to designate
wire sizes in North America.
5.6.4.2 Determination of the protective current rating

5.6.4.2.1 Mains supply as the source

Where the source is the mains supply, the protective current rating of the circuit is the rating
of the overcurrent protective device provided in the building installation, or as part of the

equipment.

Where the overcurrent protective device is provided in the building installation, then:

— for pluggable equipment type A, the protective current rating is the rating of an
overcurrent protective device provided external to the equipment (for example, in the
building wiring, in the mains plug or in an equipment rack), with a minimum of 16 A;

NOTE 1 In most countries, 16 A is considered to be suitable as the protective current rating of the circuit

supplied from the mains.

NOTE 2 In Canada and the USA, the protective current rating of the circuit supplied from the mains is taken

as 20 A.
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NOTE 3 In the UK and Ireland, the protective current rating is taken to be 13 A, this being the largest rating
of fuse used in the mains plug.

NOTE 4 In France, in certain cases, the protective current rating of the circuit supplied from the mains is
taken as 20 A instead of 16 A.

— for pluggable equipment type B, and permanently connected equipment the protective
current rating is the maximum rating of the overcurrent protective device specified in the
equipment installation instructions to be provided external to the equipment.

5.6.4.2.2 Other than mains supply as the source

Where the source is an external supply having the maximum current inherently limited by the
internal source impedance (such as an impedance protected transformer), the protective

43 H i o th hickh $ - 4 \ Habl £ that " Lein I |
current -aung Otthe—€EHetHtSthe |||g||\;3|. cHfreRt-avatrapreHom—that Supply IIILU at |_y \’.ad

Where the maximum current from the external supply source is limited by electronic.components
in the squrce, the protective current rating shall be taken as the maximum output curfent with
any resistive load, including a short-circuit. If the current is limited by an impedance, g fuse, a
PTC deyice or a circuit breaker, the current is measured 60 s after the application of the load.
If the cyrrent is limited by other means, the current is measured 5 s after-the applicatign of the
load.

5.6.4.2.3 Internal circuit as the source

Where the source is a circuit within the equipment, the protective current rating of thie circuit
is:
— the rating of the overcurrent protective device .if,the current is limited by an overcurrent

protg¢ctive 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 résistive load including a short-circuit measufed 60 s

after thg 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.

5.6.4.2.4 Current limiting @and overcurrent protective devices

A current limiting device (a-RTC device) or an overcurrent protective device (a fuse orja circuit
breaker) shall not be connected in parallel with any other component that could fail tp a low-
resistance state.

5.6.4.3 Compliance criteria

Compligncelisichecked by inspection and measurement of the protective bonding cohductor
sizes inlacCordance with Table 31, Table G.7, or the test of Annex R as applicable.

5.6.5 Terminals for protective conductors
5.6.5.1 Requirements

Equipment required to have protective earthing shall have a main protective earthing
terminal. For equipment with a detachable power supply cord, the earthing terminal in the
appliance inlet is regarded as the main protective earthing terminal.

Terminals for connecting protective earthing conductors shall:
— comply with the minimum terminal sizes in Table 32 for all pillar, stud or screw type
terminals; or

— be suitable as a protective earthing connection according to the relevant IEC standard in
accordance with 4.1.2 and pass the test of 5.6.6.
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Terminals for connecting protective bonding conductors shall comply with one of the
following:

— the minimum terminal sizes in Table 32 for all pillar, stud or screw type terminals; or

— be suitable as a protective earthing connection according to the IEC standard relevant for
the terminal in accordance with 4.1.2 and pass the test of 5.6.6; or

— if either the rated current of the equipment or the protective current rating of the circuit
exceeds 25 A, with terminal sizes that are not more than one size smaller than in Table 32;

or

— if both the rated current of the equipment and the protective current rating of the circuit
do not exceed 25 A; either

e

o V

or

— for ¢omponents only, be not smaller than the terminal sizes supplying powef
component.

ith terminal sizes that are not more than one size smaller than in Table 32; or

ith the limited short-circuit test of Annex R;

Table 32 — Sizes of terminals for protective conductors

to the

Condlictor size Minimum nominal thread diameter Area of cross section

(from Table G.7) Pillar type or stud type Screw type 2 Pillar type or stud type Screw

mm?2 mm mm?2

type 2

1 3,0 3,5 7

4 4,0 5,0 12,6 1
6 5,0 5,0 19,6 1
10 b 6,0 6,0 28 y
16 b 7,9 7,9 49 4

[{e}

1,5 3,5 4,0 9,6 12,6
2,5 4,0 5,0 12,6 19,6

D,6
D,6
8
19

a8 "Scr
wasl

bw type" refers to a terminal~that clamps the conductor under the head of a screw, with or
er.

ithout a

b As a
sped
clam
nut n
the
Tabl

n alternative to the kequirements of this table, the protective earthing conductor may be att
ial connectors, or suitable clamping means (for example, an upturned spade or closed loop press
ping unit type; saddle clamping unit type; mantle clamping unit type; etc.) that is secured by a sqg
hechanism tothe metal chassis of the equipment. The sum of the cross-sectional areas of the sd
hut shall mot\be less than three times the cross-sectional area of the conductor size in Tal
e G.7 as“applicable. The terminals shall comply with IEC 60998-1 and IEC 60999-1 or IEC 609994

hched to
ire type;
rew and
rew and
le 31 or
-2.

Complia

nce IS checked by Inspection and measurement of protective terminal sizes in

accordance with Table 32, evaluation of compliance with the relevant terminal IEC standard in

accorda

5.6.5.2

nce with 4.1.2, the test of 5.6.6 or Annex R as applicable.

Corrosion

Conductive parts in contact at the main protective earthing terminal, protective bonding
terminals and connections shall be selected in accordance with Annex N so that the potential
difference between any two different metals is 0,6 V or less.

Compliance is checked by inspection of the materials of the conductors and terminals and
associated parts and determination of the potential difference.
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5.6.6 Resistance of the protective bonding system
5.6.6.1 Requirements

Protective bonding conductors and their terminations shall not have excessive resistance.

NOTE A protective bonding system in the equipment consists of a single conductor or a combination of conductive
parts, connecting a main protective earthing terminal to a part of the equipment that is to be earthed for safety
purposes.

Protective bonding conductors that meet the minimum conductor sizes in Table G.7
throughout their length and whose terminals all meet the minimum sizes in Table 32 are
considered to comply without test.

On equipment where the protective earth connection to a subassembly or to a separafe unit is
made by means of one core of a multicore cable that also supplies power to that-subagsembly
or unit and where the cable is protected by a suitably rated protective device' that takes into
account|{the size of the conductor, the resistance of the protective bonding.conductgr in that
cable is|not included in the measurement.

5.6.6.2 Test method

The tesff current can be either AC or DC and the test voltage.shall not exceed 12| V. The
measurement is made between the main protective earthing terminal and the point in the
equipment that is required to be earthed.

The resfstance of the protective earthing conductor, and of any earthed conductor |in other
external wiring is not included in the measuremént. However, if the protective earthing
conducitor is supplied with the equipment, the coaductor may be included in the test cifcuit but
the medsurement of the voltage drop is made 6nly from the main protective earthing ferminal
to the part required to be earthed.

Care is|taken that the contact resistahce between the tip of the measuring probe land the
conductjve part under test does notlinfluence the test results. The test current and dufation of
the test|are as follows:

a) For equipment powered from the mains where the protective current rating of the circuit
under test is 25 A or leSs; the test current is 200 % of the protective current rating| applied
for 4 min.

b) For equipment powered from the AC mains where the protective current rating of the
circyit under test'exceeds 25 A, the test current is 200 % of the protective current rating
or 500 A, whichever is less, and the duration of the test is as shown in Table 33.

Table 33 — Test duration, mains connected equipment

Protective current rating of the circuit Duration of the test
A
up to and including

30 2
60 4
6
8

min

100
200
over 200 10
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c)

d)

e)

5.6.6.3 Compliance criteria

As an alternative to b), the tests are based on the time-current characteristic of the
overcurrent protective device that limits the fault current in the protective bonding
conductor. This device is either one provided in the EUT or specified in the installation
instructions to be provided external to the equipment. The tests are conducted at 200 % of
the protective current rating, for the duration corresponding to 200 % on the time-current
characteristic. If the duration for 200 % is not given, the nearest point on the time-current
characteristic may be used.

For equipment powered from a DC mains, if the protective current rating of the circuit
under test exceeds 25 A, the test current and duration are as specified by the manufacturer.

For equipment receiving its power from an external circuit, the test current is 1,5 times the
maximum current available from the external circuit or 2 A, whichever is greater, for a
duration of 2 min. 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
leve| during single fault conditions, the test is conducted in accordance withthe relevant
test method of either a), b), c) or d) based on the power source assumed.

Where the protective current rating does not exceed 25 A, the resistance of the protective

bonding| system, calculated from the voltage drop, shall not exceed 0D Q.

Where the protective current rating exceeds 25 A, the voltage drop over the protective

bonding| system shall not exceed 2,5 V.

5.6.7 Reliable connection of a protective earthing/conductor

For permanently connected equipment, earthingis’considered to be reliable.

For cord connected mains equipment, earthing‘is also considered to be reliable for:

pludgable equipment type B; or
stationary pluggable equipmenttype A,

e that is intended to be used'in a location having equipotential bonding (su¢h as a
telecommunication centre;*a dedicated computer room, or a restricted access area);
gnd

e Has installation dnstructions that require verification of the protective darthing
donnection of the socket-outlet by a skilled person; or
stationary pluggable equipment type A,

e that has provision for a permanently connected protective earthing conductor; and

e Has, instructions for the installation of that conductor to building earth by a|skilled
person.

For equipment connected to an external circuit, earthing is considered to be reliable for
pluggable equipment type A and pluggable equipment type B that have provision for:

a permanently connected protective earthing conductor; and
has instructions for the installation of that conductor to building earth by a skilled person.

5.6.8 Functional earthing

If a protective earthing conductor in the mains power supply cord is only used for establishing
functional earthing:

the requirements for conductor size as given in G.7.2 apply to the earthing conductor of the
mains power supply cord; and

the marking for class Il equipment with functional earthing shall be used as specified in
F.3.6.2: and
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— the appliance inlet, if used, shall comply with the creepage distance and clearance
requirements for double insulation or reinforced insulation.
NOTE 1 Some appliance inlets for class | equipment do not have sufficient insulation to serve as double
insulation or reinforced insulation between the phases and the protective earthing terminal. Equipment using
such an inlet is not considered to be class Il equipment.
NOTE 2 In Norway, equipment connected with an earthed mains plug is classified as class | equipment. See

the marking requirement in the country note to 4.1.15. The symbol IEC 60417-6092 (2013-03), as specified in
F.3.6.2, is accepted.

5.7 Prospective touch voltage, touch current and protective conductor current

5.7.1 General

Measur¢ments of prospective touch voltage, touch current, and protective conhductor
current|are made with the EUT supplied at the most unfavourable supply voltage(see(B.2.3).

5.7.2 Measuring devices and networks
5.7.21 Measurement of touch current

For megsurements of touch current, the instrument used for measgtring U, and U; specified in

Figure 4 and Figure 5 respectively in IEC 60990:2016 shall indicaie peak voltage. If the touch
current|waveform is sinusoidal, an RMS indicating instrumentimay be used.

5.7.2.2 Measurement of voltage
Equipment, or parts of equipment, that are intended {o' be earthed in the intended appllication,

but are unearthed as provided, shall be connected.to earth during the measurement at the point
by which the highest prospective touch voltage.is obtained.

5.7.3 Equipment set-up, supply connéections and earth connections

The eqlipment set-up, equipment supply connections and equipment earthing shgll be in
accordance with Clause 4, 5.3 and-5:4 of IEC 60990:2016.

Equipmeént provided with a-connection to earth separate from the protective ¢arthing
conductor shall be tested«with that connection disconnected.

Systems of interconnected equipment with separate connections to the mains shall have each
equipment tested_sgparately.

Systems of interconnected equipment with one connection to the mains shall be tesfed as a
single efquipment.

NOTE 1 Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990:2016.

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.

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 limit in 5.2.2.2, the touch current shall be measured individually. The EUT
operates normally during this test.


https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

IEC 62368-1:2023 © |IEC 2023 - 145 —

5.7.4

Unearthed accessible parts

Under normal operating conditions, abnormal operating conditions and single fault
conditions (except for a safeguard fault), touch voltage or touch current shall be measured
from all unearthed accessible conductive parts. Touch current (current @ and current b of
Table 4) shall be measured in accordance with 5.1, 5.4 and 6.2.1 of IEC 60990:2016.

Under single fault conditions of a relevant basic safeguard or a supplementary safeguard,
including 6.2.2.2 of IEC 60990:2016, touch voltage or touch current shall be measured from
all unearthed accessible conductive parts. Touch current (current ? of Table 4) shall be
measured with the network specified in Figure 5 of IEC 60990:2016.

For an accessible non-conductive part, the test is made with a metal foil as specified|in 5.2.1

of IEC §0990:2016.

5.7.5 Earthed accessible conductive parts

At least| one earthed accessible conductive part shall be tested for tou¢h current fpllowing

supply ¢onnection faults in accordance with 6.1 and 6.2.2 of IEC 609902016, except|6.2.2.8.

Except as permitted in 5.7.6, the touch current shall not exceed the ES2 limits in 5.2.p.2.

Subclause 6.2.2.3 of IEC 60990:2016 does not apply to equipment with a switch pr other

disconnect device that disconnects all poles of the supply:

NOTE Ap appliance coupler is an example of a disconnect device:

5.7.6 Requirements when touch current exceeds ES2 limits

Where fhe touch current exceeds the ES2 limits in 5.2.2.2 under the supply fault conditions

specifiefd in 6.2.2.2 of IEC 60990:2016, all ofithe following conditions apply:

— the protective conductor current measured according to Clause 8 of IEC 60990:2(016 shall
not ¢xceed 5 % of the input current:-measured under normal operating conditions;

— the ponstruction of the protective earthing conductor circuit and its connectiops shall
have:

e g protective earthing conductor serving as a reinforced safeguard as spetified in
8.6.3 or two independent protective earthing conductors serving as a |double
gafeguard, and

e g reliable connection to protective earthing as specified in 5.6.7;

— the manufacturer shall indicate the value of the protective conductor current in the
instgllatieninstructions if the current exceeds 10 mA;

— an ipstfuctional safeguard shall be provided in accordance with Clause F.5, exdept that
elem ' ' i i ows:

e element 1a: A , IEC 60417-6042 (2010-11); and

, IEC 60417-6173 (2012-10); and
@ , IEC 60417-5019 (2006-08)

e celement 2: "Caution" or equivalent word or text, and "High touch current" or

equivalent text

e element 3: optional

e celement 4: "Connect to earth before connecting to supply" or equivalent text
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The elements of the instructional safeguard that are required to be placed on the equipment
shall be affixed to the equipment adjacent to the equipment supply connection.

5.7.7 Prospective touch voltage and touch current associated with external circuits
5.7.71 Touch current from coaxial cables

If the equipment is connected to external circuits with a coaxial cable and if such connection
is likely to create a hazard, the manufacturer shall provide instructions to connect the shield of
the coaxial cable to the building earth in accordance with 6.2g) and 6.21) of
IEC 60728-11:2016.

NOTE 1 daNerwayeard—Swedern—the—sereen—-oithetelevisiondistributen—system—isrormalyrotearthed at the
entrance pf the building and there is normally no equipotential bonding system within the building. Thefefore the
protectivp earthing of the building installation needs to be isolated from the screen of a cable distributiony system.

It is howeper accepted to provide the insulation external to the equipment by an adapter or an intereonnection cable
with galvgnic isolator, which can be provided by a retailer, for example.

The user [manual shall have the following or similar information in Norwegian and Swedish’language regpectively,
depending on which country the equipment is intended to be used in:

"Apparatus connected to the protective earthing of the building installation through the mains connection ¢r through
other appjaratus with a connection to protective earthing — and to a television distribution system usifg coaxial
cable, maly in some circumstances create a fire hazard. Connection to a television distribution system thefefore has
to be pro\ided through a device providing electrical isolation below a certaif frequency range (galvanic isglator, see
IEC 60728-11)".

Translatign to Norwegian (the Swedish text will also be accepted inf\Norway):

"Apparatgr som er koplet til beskyttelsesjord via nettplugg ogfeller via annet jordtilkoplet utstyr — og er tjlkoplet et
koaksialbpsert kabel-TV nett, kan forarsake brannfare. For-8 unnga dette skal det ved tilkopling av apparater til
kabel-TV pett installeres en galvanisk isolator mellom apparatet og kabel-TV nettet."

Translatign to Swedish:

"Apparatgr som ar kopplad till skyddsjord via jordat'vagguttag och/eller via annan utrustning och samtidigt 3r kopplad
till kabel-TV nat kan i vissa fall medféra riskf6r’'brand. Fér att undvika detta skall vid anslutning av apparaten till
kabel-TV pat galvanisk isolator finnas mellan.apparaten och kabel-TV natet."

NOTE 2 |In Norway, due to regulationjfor CATV-installations, and in Sweden, a galvanic isolator shdll provide
electrical jnsulation below 5 MHz. The insulation shall withstand a dielectric strength of 1,5 kV RMS, 50 Hz or 60 Hz,
for 1 min.

5.7.7.2 Prospective touch voltage and touch current associated with paired
conductor cables

For circlits intended to be connected to external circuits such as those described ir] ID 1a,
1b, 1c and 2 _ef<Table 13:

— the prospective touch voltage shall comply with ES2; or

— the touch current shall not exceed 0,25 mA.

The above requirements do not apply if the corresponding external circuits are connected to
a protective earthing conductor.

Compliance is checked by measurement according to 5.7.2 and 5.7.3 by using the measurement
arrangement in Figure 32 for single-phase equipment and Figure 33 for three-phase equipment.

NOTE For other power distribution systems, see IEC 60990:2016.
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Figure 32 — Test circuit for touch current of single-phase equipment
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Figure 33 — Test circuit for touch current of three-phase equipment

5.7.8 Summation of touch currents from external circuits

The requirements below specify when a permanently connected protective earthing
conductor is required for pluggable equipment type A or pluggable equipment type B,
should the mains connection be disconnected.
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The requirements apply only to equipment intended to be connected to an external circuit such
as described in Table 13, ID 1a, 1b, 1c, 2, 3a, 3b and 3c.

NOTE These types of external circuits are typically telecommunication networks.

The summation of touch currents from equipment that provides multiple external circuits,
shall not exceed the limits for ES2 (see Table 4).

The following abbreviations are used:

I,: touch current received from other equipment via an external circuit;

S(/4)_summation of touch current received from all other equipment via an external circuit;

I,: touch current due to the mains of the equipment.

It shall Qe assumed that each circuit of the equipment connected to an external circuit feceives
0,25 mA (14) from the other equipment, unless the actual current from thecother equipment is

known tp be lower.

The follpwing requirements, a) or b) as applicable, shall be met:

a)

b)

Equipment connected to an earthed external circuit

For lequipment in which each circuit that can be connected to an external circuit is
conrnected to a terminal for the protective earthing)conductor of the equipmgnt, the
following shall be considered:

1) 1If S(Z4) (not including I,) exceeds ES2 limitscefyTable 4:
4 the equipment shall have provision fera permanent connection to protective|earth in

addition to the protective earthing conductor in the power supply [cord of
pluggable equipment type A orspluggable equipment type B; and

41 the installation instructions shall specify the provision of a permanent conngction to
protective earth with a cross-sectional area of not less than 2,5 mm?2, if mecHanically
protected, or otherwise 4,0 mm?2; and

<4 provide a marking in\accordance with 5.7.6 and Clause F.3.

2) $Such equipment shall\comply with 5.7.6. The value of I, shall be used to calcylate the
8 % input current'limit per phase specified in 5.7.6.

3) The sum of §(Iy) and /, shall comply with the ES2 limits of Table 4.

Conipliance with item a) is checked by inspection and if necessary by test.

If the equipment has provision for a permanent protective earth connection in accprdance
with|itém-1) above, it is not necessary to make any measurements, except that|l, shall

complywith the relevant requirements of 5. 7.

Touch current tests, if necessary, are made using the relevant measuring instrument
described in IEC 60990:2016, Figure 5, or any other instrument giving the same results. A
source (for example, a capacitively coupled AC source of the same line frequency and phase
as the AC mains) is applied to each external circuit and adjusted so that 0,25 mA, or the
actual current from other equipment, if known to be lower, is available to flow into that
external circuit. The current flowing in the earthing conductor is then measured.

Equipment connected to an unearthed external circuit

If each circuit of the equipment that can be connected to an external circuit does not have
a common connection, the touch current for each circuit shall not exceed the ES2 limits of
Table 4.

If all circuits of the equipment that can be connected to an external circuit or any groups
of such ports have a common connection, the total touch current from each common
connection shall not exceed the ES2 limits of Table 4.
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Compliance with item b) is checked by inspection and, if there are common connection
points and the sum of S(I,) and I, exceeds the ES2 limits of Table 4, by the following test.

A capacitively coupled AC source of the same frequency and phase as the AC mains is
applied to each circuit of the equipment that can be connected to an 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 circuit. Common connection points are tested in accordance with 5.7.3,
whether or not the points are accessible.

5.8 Backfeed safeguard in battery backed up supplies

A battery backed up supply that is an integral part of the equipment and is capable of
backfeeding shall prevent greater than ES1 from being present on the mains terminals after

interruptiomofthe mainmspower:

No hazard shall exist at the mains terminals when measured 1 s after de-energization of the
mains for pluggable type A equipment, 5 s for pluggable type B equipment or I5 s for
permaniently connected equipment using the measurement instrumentscdescribed in 5.7.2.
Where fhe measured open-circuit voltage does not exceed the ES1 limits)the touch |current
does not need to be measured.

Complignce is checked by inspection of the equipment and the relevant circuit diagram, by
measurge¢ment and by single fault conditions in accordance with-B.4.

NOTE 1 |For standards related to battery backed up power supply systems that are not an integral part of the
equipmenft, see standards related to UPS, such as IEC 62040-1. Fof transfer switches, see IEC 62310-1:2005.

NOTE 2 |[See also the explanatory information in IEC TR 62368-2:

When gn air gap is employed as a backfeed“safeguard, the requirements of §.4.2 for
clearances and 5.4.3 for creepage distances apply in addition to the following:

— subject to confirmation from the manufacturer, the battery backed up supply output, in
storpd energy mode can be consjdered a transient free circuit of Overvoltage Catggory I;

— the ¢learances and creepage distances shall comply with the requirements for ppllution
degree 2 or higher if expectediin the intended installation location;

— reinforced insulation shall be applied between the unit output and the unit input (f during
storpd energy modetof operation not all input poles are isolated by the backfeed
safeguard device. In.all other cases, basic insulation shall be applied.

Complignce is checked by inspection.

6 Electrically-caused fire

6.1 Genrerat

To reduce the likelihood of injury or property damage due to an electrically-caused fire
originating within the equipment, equipment shall be provided with the safeguards specified in
Clause 6.

6.2 Classification of power sources and potential ignition sources
6.2.1 General

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 can cause resistive heating of both components and
connections. These power sources are based on available energy to a circuit.
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Within a power source, a PIS can be created due to arcing of either broken connections or
opening of contacts (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
required either to reduce the likelihood of ignition or to reduce the likelihood of spread of fire
beyond the equipment.

6.2.2 Power source circuit classifications

6.2.2.1 General

An electriccircuittsctassifredPS
circuit flom the power source.

DQoo Dol 1 ) Il i 1 H h
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The electrical power source classification shall be determined by measuring .the maximum
power under each of the following conditions:

— for lpad circuits: a power source under normal operating conditions as specified by the
manufacturer into a worst-case fault in the load circuit (see 6.2.2.2);

— for power source circuits: a worst-case power source fault into-the specified normal load
circyit (see 6.2.2.3).

The power is measured at points X and Y in Figure 34 and‘Figure 35.

6.2.2.2 Power measurement for worst-case load- fault
With reference to Figure 34:

— the measurement may be performed without the load circuit Ly, connected, unless the
maxfmum power is dependent on the connection of the load;

— at points X and Y, insert a wattmetér (or a voltmeter, V,, and a current meter, 1,);

— connect a variable resistor, Lysas shown;

— adjust the variable resistor, Lz, until the power source delivers the maximum poler in a
steafdy state 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 operates during the test, the measurement shall be repeated
at 125 % of the current rating of the overcurrent protective device.

If a powkr limiting’device or circuit operates during the test, the measurement shall be repeated
at a point just)below the current at which the power limiting device or circuit operated.

When evaluating accessories connected via cables to the equipment, the impedance of the
cable should be taken into account in the determination of PS1 or PS2 on the accessory side.
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Figure 34 — Power méasurement for worst-case load fault
6.2.2.3 Power measurement\for worst-case power source fault
With reference to Figure 35%
— At ppints X and Y, insert a wattmeter (or a voltmeter, V,, and a current meter, 1,).
— WitHin the power:source circuit, simulate any single fault condition that will
max{mum power to the circuit being classified. All relevant components in the powe
circyits shall-be short-circuited or disconnected one at a time at each measurement.
— Equlpment containing audio amplifiers shall also be tested under abnormal of
conditions as specified in Clause E.3.2.

IEC

esult in
 source

erating

— Measure the maximum power as specified and classify circuits supplied by the power source
according to 6.2.2.4, 6.2.2.5 or 6.2.2.6.

If an overcurrent protective device operates during the test, the measurement shall be repeated
at 125 % of the current rating of the overcurrent protective device.

If a power limiting device or circuit operates during the test, the measurement shall be repeated
at a point just below the current at which the power limiting device or circuit operated.

When the tests are repeated, a variable resistance may be used to simulate the component
under fault.

To avoid damage to the components of the normal load, a resistor (equal to the normal load)

may be

substituted for the normal load.
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NOTE Experimentation may be used to identify the single component fault that produces maximum power.
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voltage source
R, intennal resistance of the power source
1,  current from the power source

V, voltage at the points where determination of PS power'is made
Ly, normal load

Figure 35 — Power measurement for worst-case power source fault
6.2.2.4 PS1

PS1 is @ circuit where the power source, (see Figure 36) measured according to 6.2|2, does
not exceed 15 W measured:after 3 s.

6.2.2.5 PS2
PS2 is 4 circuit Where the power source, (see Figure 36) measured according to 6.2.2:

— excgeds\PS1 limits; and

— doesnoat exceed 100 W _measured after 5 s

Circuits that have previously been evaluated and comply with Annex Q are considered not to
be higher than PS2. All safeguards and requirements for PS2 apply.

NOTE Such circuits were typically tested according to IEC 60950-1.

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 36).
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Figure 36 — lllustration of power source classification

6.2.3 Classification of potential ignition sources
6.2.3.1 Arcing PIS
An arcing PIS is a location with the following chiaracteristics:

— an open-circuit voltage (measured afterc3"s) across an open conductor or opening electrical
contpct exceeding 50 V (peak) AC or-DC; and

— the groduct of the peak of the open-circuit voltage (Vp) and the measured RMS current (/;,s)
excgeds 15 (thatis, V' x I;,s>(15) for any of the following:
e g contact, such as a switch or connector;

e g termination, suchias one made by a crimp, spring or solder termination;

gingle fault.condition. This condition does not apply if electronic protection cifcuits or
gdditional constructional measures are used to reduce the likelihood that such a fault
hecomes.an arcing PIS.

e qpening of a canductor, such as a printed wiring board trace, as a consequelce of a

An arciTg PIS is considered not to exist in a PS1 because of the limits of the power squrce.

NOTE 1 An open conductor in an electric circuit includes those interruptions that occur in conductive patterns on
printed boards.

Reliable 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.

Reliable connections are connections that are considered not to open.

NOTE 2 Connections that could be considered reliable are:
— holes 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 Other means to avoid the occurrence of an arcing PIS may be used.

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, taking into account the location of the
component with respect to the fibre direction of the board material.

However, the manufacturer may declare any location to be an arcing PIS without testing.

6.2.3.2

Resistive PIS

A resistive PIS is any part in a PS2 or PS3 circuit that, under normal operating conditions,
abnormal operating conditions or single fault conditions, dissipates more than 15 W for
longer than 30 s.

For the| method "Control fire spread", with the exception of secondary lithium- bz
compongnts and current carrying parts in a PS2 circuit are considered not to beya'r

PIS.

For the
are considered to be a resistive PIS.

A resisiive PIS is considered not to exist in a PS1 because of thé limits of the power g

Howevelr, the manufacturer may declare any location to bes/a resistive PIS without tes

6.3

6.3.1

Under njormal operating conditions and abnormal operating conditions, the followir
safeguards are required:

ignitjon shall not occur; and

no part of the equipment shall attain a temperature value greater than 90 %
spontaneous ignition temperature limit, in Celsius, of the part as defined by ISO 87
the §pontaneous ignitionitemperature of the material is not known, the temperature
limited to 300 °C; and

NOTHE This document currently does not contain requirements for flammable dust or liquids othe
insulpting liquids-

Slafeguards against fire under normal operating conditions and abnormal

o

method "Control fire spread", components and current carrying-parts in a PS

perating conditions

Requirements

tteries,
bsistive

3 circuit

ource.

ing.

g basic

of the
1. When
shall be

I than for

losures,
comply

nm, or

HB40 class material if the thinnest significant thickness of this material is 2 3 mm; or

HBF class foamed material; or
shall pass the glow-wire test at 550 °C according to IEC 60695-2-11.

These requirements do not apply to any of the following:

parts with a volume not exceeding 1 750 mm3;

parts with a mass of combustible material of less than 4 g;

supplies, consumable materials, media and recording materials;
loudspeaker drivers and loudspeaker driver assemblies;

grille covering material, cloth, and reticulated foam that comply with S.6;
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e parts that are required to have particular properties in order to perform intended
functions, such as synthetic rubber rollers, ink tubes and material requiring optical
characteristics;

e 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 criteria

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 Sge B.1.5 for details on thermal equilibrium.

Tempergture limiting basic safeguards that comply with the applicable requirement$ of this
document or the applicable safety device standard shall remain in the circuit being evaluated.

6.4 Sjafeguards against fire under single fault conditions
6.4.1 General

This supclause defines the possible safeguard methods that ‘can be used to reduce the
likelihogd of ignition or spread of fire under single fault conditions.

There afe two methods of providing protection. Either.method may be applied to differgnt parts
of the same equipment.

— Redpce the likelihood of ignition: Equipment is so designed that under single fault
conditions no part shall have sustained flaming. This method may be used for any circuit
in which the available steady state power to the circuit does not exceed 4 000(W. The
appriopriate requirements and tests are“detailed in 6.4.2 and 6.4.3.

luggable equipment type A\is considered not to exceed the steady state yalue of
000 W.

luggable equipment type B and permanently connected equipment are considered
ot to exceed the steady state value of 4 000 W if the product of the nominal mains
oltage and the protective current rating of the installation overcurrent protective
evice (Viains € Limax) 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 of fire
and,| whereg\necessary, by the use of a second supplementary safeguard such gs a fire
enclosure,* This method may be used for any type of equipment. The appropriate
requlireéments are detailed in 6.4.4, 6.4.5 and 6.4.6.

6.4.2 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 considered
not to be capable of providing enough energy to result in materials reaching ignition
temperatures.
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Reduction of the likelihood of ignition under single fault conditions in PS2

circuits and PS3 circuits

Requirements

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) shall be reduced by using the following
supplementary safeguards as applicable:

NOTE For PS3 circuits where the available power exceeds 4 000 W, see 6.4.6.

— ana

rcing PIS or a resistive PIS shall be separated as specified in 6.4.7;

— an arcing PIS or a resistive PIS shall be separated from combustible material that is

Ioca’fed on an accessible outer surface of the equipment. If there are openings-w
restricted volume (see Figure 37), ignition shall not occur during single fault cond

— protd
IEC

—  motgq
stan

— varig
— com
stan

In additi

EXAMPLH
filtering c

6.4.3.2

The cor
conseql
shall be
flaming

The eql
are morn

If a condluctor opens‘during a simulated single fault condition, this opened conductor

bridged
an appl
been re

bctive devices acting as a safeguard shall comply with G.3.1 to G.3.4'orthe
component standards;

rs and transformers shall comply with G.5.3, G.5.4 or the relevant IEC cor
dard;

tors shall comply with G.8.2; and
bonents associated with the mains shall comply with the relevant IEC con
dards and the requirements of other parts of this document.

on, the tests of 6.4.3.2 apply.

S Components associated with the mains include the power supply cord, appliance coupl
bmponents, switches, etc.

Test method

hditions of Clause B.4, that are possible causes for ignition, are applied in
ential fault can either interrupt-or'short-circuit a component. In case of doubt,
repeated two more times with'replacement components in order to check that st
does not occur.

itored continuouslyruntil thermal equilibrium has been attained.

and the simiated single fault condition shall be continued. In all other casej
ed single)fault condition results in interruption of the current before steady s
hched;the temperatures are measured immediately after the interruption.

thin the
tions;
relevant

nhponent

nponent

ers, EMC

turn. A
the test
ystained

ipment is operated uhder single fault conditions and the temperatures of materials

shall be
, Where
fate has

NOTE 1

See’B.1.5 for details on thermal equilibrium.

NOTE 2

Temperature rise can be observed after interruption of the current due to thermal inertia.

If the temperature is limited by a fuse, under a single fault condition:

— a fuse complying with the IEC 60127 series shall open within 1 s; or

— a fuse not complying with the IEC 60127 series shall open within 1 s for three consecutive
times; or

— the fuse shall comply with the following test.

The fuse is short-circuited and the current that would have passed through the fuse under the
relevant single fault condition is measured.

If the fuse current remains less than 2,1 times the current rating of the fuse, the temperatures
are measured after a steady state has been attained.
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If the current either immediately reaches 2,1 times the current rating of the fuse 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 under consideration, both the fuse and the short-circuit link are
removed after an additional time corresponding to the maximum pre-arcing time of the fuse
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 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.

6.4.3.3

Complid
criteria.

6.4.4

. i I

nce is checked by inspection, tests and measurements. See B.4.8 for(¢orl

Control of fire spread in PS1 circuits

hpliance

No supplementary safeguards are needed for protection against PS1."A-PS1 is not cornjsidered

to be capable of providing enough energy to result in materials reaehing ignition tempdratures.

6.4.5 Control of fire spread in PS2 circuits

6.4.5.1 General

This subclause 6.4.5 defines the safeguard methods:that can be used to control the spread of

fire.

6.4.5.2 Requirements

Fire spread in PS2 circuits shall be caontrolled by applying the following supplementary

safegugdrds.

Conducitors, devices, componenis;-parts and materials shall comply with the following

— printed boards shall be made of V-1 class material or VTM-1 class material; and

— wirefinsulation and tubing shall comply with 6.5.1, and

— motgrs shall comply-with G.5.4, and

— transformers shall comply with G.5.3, and

— supplies, consumable materials, media and recording materials, and parts that are fequired
to have particular properties in order to perform intended functions, such as synthetig rubber
rollers, ink tubes and material requiring optical characteristics shall comply with one of the
followire:

NOTE A

be made of HB class material; or
shall not ignite during single fault conditions in a PS2 circuit; or

have a minimum distance of 13 mm from a PS2 circuit.

PS2 circuit can consist of components, printed board traces, wires or similar.

All other components in a PS2 circuit, except for loudspeaker drivers and loudspeaker driver

assemb

lies, shall comply with one of the following:

— be mounted on V-1 class material or VTM-1 class material;

— be made of V-2 class material, VTM-2 class material or HF-2 class foamed material;

— comply with the requirements of Clause S.1;

— have a volume not exceeding 1 750 mm?3;
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have a mass of combustible material of less than 4 g;
comply with the flammability requirements of the relevant IEC component standard;

be in a sealed enclosure of 0,06 m3 or less, consisting totally of non-combustible material
and having no ventilation openings.

6.4.5.3 Compliance criteria

Compliance is checked by testing or by inspection of the equipment and material data sheets.

6.4.6 Control of fire spread in a PS3 circuit

Fire spread in PS3 circuits shall be controlled by applying all of the following supplementary

safegugdrds:

conductors and devices within a PS3 circuit shall meet the requirements of 6.4.5;

devices subject to arcing or changing contact resistance (for example, pluggable
connectors) shall comply with one of the following:

e have materials made of V-1 class material,
e gomply with the flammability requirements of the relevant IEC,component standard,

e gomply with the requirements of Clause S.1,

volume not exceeding 1 750 mm3 or have a mass of combustible material of less

q
e he mounted on material made of V-1 class material.orVTM-1 class material apd be of
than 4 g;

by providing a fire enclosure as specified in 6.4.8;

varigtors located less than 13 mm from an_eficlosure and that are made of combustible
material shall comply with G.8.2.

Within the fire enclosure, combustible;:materials that do not comply with the flammability
requirerents for PS2 or PS3 circuits shall’comply with the flammability test of Clause §.1 or be
made of V-2 class material, VTM-2 ‘class material or HF-2 class foamed material. These

requirements do not apply to any.of jthe following:

part$ with a volume not exceeding 1 750 mm?3;
part$ with a mass of combustible material of less than 4 g;
supplies, consumable materials, media and recording materials;

partg that are required to have particular properties in order to perform intended functions,
such as synthetic rubber rollers, ink tubes and material requiring optical characteristics;

gears, cams, belts, bearings and other parts that would contribute negligible fuel fo a fire,
incldding;1abels, mounting feet, key caps, knobs and the like;

tubir 1®] for—air-or—ftuid Dybtclllb, containers—fot puvvdclo Ot “qu;da and—foamed p:aatC parts,
provided that they are of HB75 class material if the thinnest significant thickness of the
material is <3 mm, or HB40 class material if the thinnest significant thickness of the
material is 2 3 mm, or HBF class foamed material or pass the glow-wire test at 550 °C
according to IEC 60695-2-11.

A fire enclosure is not necessary for any of the following components and materials:

wire insulation and tubing complying with 6.5.1;

components, including connectors, complying with the requirements of 6.4.8.2.1, and that
fill an opening in a fire enclosure;

plugs and connectors forming part of a power supply cord or interconnecting cable
complying with 6.5, Clause G.4 and Clause G.7;

loudspeaker drivers and loudspeaker driver assemblies;
motors complying with G.5.4;
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transformers complying with G.5.3.

Compliance is checked by inspection of the material data sheets or by test, or both.

6.4.7

6.4.7.1

Separation of combustible materials from a PIS

General

When required, the minimum separation requirements between a PIS and combustible
materials, in order to reduce the likelihood of sustained flaming or spread of fire, can be
achieved by either separation by distance (6.4.7.2) or separation by a fire barrier (6.4.7.3).

Addition
within 1

These r

6.4.7.2

Combustible material, except the material on which the PIS is mounted, shall be sqg

from an

Base m
materi

81:

B mm of an arcing PIS or 5 mm of a resistive PIS are given in 6.4.8.4.

Separation by distance

arcing PIS or a resistive PIS according to Figure 37 and kigure 38.

terial of printed boards, on which an arcing PIS is lo¢ated, shall be made of V
, VTM-1 class material or HF-1 class foamed material.

Dimensions in nf

Restricted
volume

50

Figure 37 — Minimum separation requirements from a PIS

located

bquirements do not apply to loudspeaker drivers and loudspeaker driver ass¢mblies.

parated

1 class

illimetres
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Dimensions in millimetres

Restricted
volume

PIS

IEC

an arging PIS that consists of tracks or areas on printed boards;

the r¢sistive PIS areas of components. Measurements are made from the nearest power dissipating glement of
the cpmponent involved. If in practice it is not readily possible to define the\power dissipating part, ther] the outer
surfage of the component is used.

Figure 38 — Extended separation requirements from a PIS

When the distance between a PIS and combustible materials is less than spegified in

Figure 37 and Figure 38 as applicable, the combustible materials shall:

6.4.7.3 Separation by a fire barrier

have a volume not exceeding 1 750 mm3; 0O

havg a mass of combustible material 6f less than 4 g; or

comply with:

e the flammability requirements-of the relevant IEC component standard; or

e he made of V-1 class material, VTM-1 class material or HF-1 class foamed material,
qr comply with IEC 60695-11-5. The flame application times are identified in Clauise S.2.

Combustible material shall be separated from an arcing PIS or a resistive PIS by a fir¢ barrier

as defined in 6.4.8/2.1 (see Figure 39).

Printed |boafds* are not considered to be a fire barrier against an arcing PIS located on the
same bgard.Printed boards complying with 6.4.8 may be considered to be a fire barriefagainst

H DIQ | 4 ol ol Ll la ol
an arcingriroocatea ona affrerentooara:

Printed boards may be considered to be a fire barrier against a resistive PIS provided that the
following conditions are met:

the printed board shall:
o comply with the flammability test of Clause S.1 as used in the application; or
e be made of V-1 class material, VTM-1 class material or HF-1 class foamed material;

within the restricted volume, components shall meet the flammability requirements of the
relevant component standard and no other materials rated less than V-1 class material
shall be mounted on the same side of a printed board as the resistive PIS; and

within the restricted volume, the printed board shall have no PS2 conductors or PS3
conductors (except for the conductors that supply the circuit under consideration). This
applies to any side of the printed board as well as the inner layer of the printed board.
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6.4.7.4
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6.4.8
6.4.8.1

The safeguard function of the fire enclosure and the fire barrier is to impede the spre3

through

The fire
The fire
addition

6.4.8.2

Diverted
cone ™ Barri
Restricted Restricted
volume
volume
PIS
IEC
Figure 39a — lllustration showing Figure 39b - lllustration showing
an angled barrier a horizontal barrier

The volume of the flame is nearly constant. Consequently, the shape of the flame is depends
ion and the shape of the barrier. Different shapes of barriers might give different flame shapes a
rent restricted area and separation requirements.

Dimensions are identical to Figure 37 and Figure 38 but, except as\given in 6.4.8.4, the distan
om the PIS is not significant.

e 39 — Deflected separation requirements from a PIS when a fire barrier is

Compliance criteria

nce is checked by inspection or measurement or both.
Fire enclosures and fire barriers

General
the enclosure or batrier.

enclosure may)be the overall enclosure, or it may be within the overall end
enclosure.need not have an exclusive function, but may provide other fung
to that of‘a-fire enclosure.

Fire enclosure and fire barrier material properties

IEC

tnt upon
hd result

e of the

used

d of fire

tlosure.
tions in

6.4.8.2.

H H Arriaye
ar et

A fire barrier shall comply with the requirements of Clause S.1, except where 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.

6.4.8.2.2 Requirements for a fire enclosure

For circuits where the available power does not exceed 4 000 W (see 6.4.1), a fire enclosure

shall:

— comply with the requirements of Clause S.1; or

— be made of non-combustible material (for example, metal, glass, ceramic, etc.); or

— be made of V-1 class material.
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For circuits where the available power exceeds 4 000 W, a fire enclosure shall:

— comply with the requirements of Clause S.5; or

— be made of non-combustible material (for example, metal, glass, ceramic, etc.); or

— be made of 5VA class material or 5VB class material.

Material for components that fill an opening in a fire enclosure or that is intended to be mounted
in such opening shall:

— be made of V-1 class material; or

comply with the flammability requirements of the relevant IEC component standard; or

- com
6.4.8.2.

Complig
The ma

6.4.8.3
6.4.8.3.

Opening
product
outside

The op¢g
of comH
in Figur

Regardl
vertical.
opening

Determi
with Fig

1 dde 1 Q4
D1y WILIT UIdUstT o.T.

B Compliance criteria

nce is checked by inspection of applicable data sheets or test.

ferial flammability class is checked for the thinnest significant\thickness used.

Constructional requirements for a fire enclosure and.a fire barrier
| Fire enclosure and fire barrier openings

s in a fire enclosure or in a fire barrier shall<be*of such dimensions that
5 of combustion passing through the openingstare not likely to ignite materia
of the enclosure or on the side of a fire barrier opposite to the PIS.

nings to which these properties apply afe relative to the site or location of the
ustible materials. The locations of gpenings relative to the flame property ar
b 41 and Figure 42.

ess of the equipment orientation, the flame orientation property of the PIS is
Where the equipment has;two or more normal operating condition orier
properties apply to each possible orientation.

hation of top openings, side openings and bottom openings shall be done in acc
ure 40, taking inte-account all possible orientations of use (see also 4.1.6).

fire and
| on the

PIS and
b shown

always
tations,

brdance
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Top
openings
e

Side openings
Sige openings

I /[ oil

Enclosure Enclosure G
bottom o <5° bottom >5

Bottom
openings

o

IEC
Figure 40 — Determination of top, bottom’and side openings

6.4.8.3.2 Fire barrier dimensions

The eddes of the fire barriers shall extend beyond the restricted volume (see Figure 39).

~

6.4.8.3.38 Top openings and top opening properties

Top opgning properties of a fire enclosure shall apply to openings on a horizontal surface or
any surface with an inclination of thore than 5 degrees from vertical (see Figure 40) pbove a
PIS loc3dted in a PS3 circuit as shown in Figure 41. Top opening properties of a fire barifier shall
apply tol openings above a PIS, located in a PS3 circuit as shown in Figure 41.

Top opgnings that fall within the volume of the fire cone with an addition of 2 mm spack as
defined|in Figure 41 shall comply with Clause S.2.
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Dimensions in millimetres

Potential ignition source

15 15

y
A

IEC

NOTE Djmensions of the fire cone are identical to those of Figure 3y anhd Figure 38.

Figure 41 — Top ©openings

No test |s required provided that the openings‘de not exceed:

— 5 mm in any dimension; or
— 1 mm in width regardless of length.

6.4.8.3.4 Bottom openings and bottom opening properties

Bottom ppening properties of-a fire enclosure and a fire barrier shall apply to openirlgs on a
horizonfal surface or any sther surface with an inclination of more than 5 degrees from the
vertical [(see Figure 40).below a PIS located in a PS3 circuit as shown in Figure 42. Openings
on other surfaces below/a PIS located in a PS3 circuit shall be considered side openihgs and
6.4.8.3.p applies.

Bottom jopenings are those openings below a PIS located in a PS3 circuit and withil 30 mm
diametef cylinder extending indefinitely below the PIS. With respect to the potential jgnition
source [ bottom openings are any openings within the volume of the fire cone with an jaddition
of 2 mm-sSpace.
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Dimensions in millimetres

NOTE D

Bottom

[~ Potential ignition source

IEC

mensions of the fire cone are identical to those of Figure 3/ \and Figure 38.

Figure 42 — Bottom openings

bpenings shall comply with Clause S.3:

No test s necessary provided that one of\the following conditions is met:
a) the bottom openings do not exceed:

- mm in any dimension; of,

- mm in width regardless™of length.

b) under components andiparts meeting the requirements for V-1 class material, pr HF-1
clasis foamed material or under components that pass the needle-flame [test of
IEC 0695-11-5 using a 30 s flame application, bottom openings shall not exceed:

— § mm in any-dimension; or
— 4 mm innwidth regardless of length.
c) comply’with a baffle plate construction as illustrated in Figure 43.

Not less
than2x

S

Baffle plates (may be above or below
the bottom of a fire enclosure)

Y ||

A | |

| | L

Bottom of fire enclosure

%

Figure 43 — Baffle plate construction

IEC
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For professional equipment intended for use in environments where combustible materials
are unlikely to be adjacent to the product (for example, in data centers and server rooms),
extended bottom surfaces are considered to be a suitable fire enclosure as illustrated in
Figure 44 if the bottom surface complies with 6.4.8.3.4.

Dimensions in millimetres

Without extended With extended
bottom surface bottom surface
15 L 15 15 18 5
1 i | PIS ® i !
| PIS @ 1 | i 1
AL s 1
I L T A U
! AL No fire ‘ ‘ 1 | Nodie
1 RN opening ‘ 1 opeéning
| requirements ] ; 1 reduirementd
| b apply i e i
| v ! : i i pply
\ N ‘
i ] | 7!
[ | ' [ I
|/ ' 6.4.8.35 | < I
1/ i . applies i ! |
R - : Y
D i i
| | i< >0
6.4.8.3.4 applies No fire opening 16.4(8.3.4 applies !

1

requirements apply '
IEC

Figure 44 — Application of bottom“opening requirements

Fixed equipment intended to be floor standing on a non-combustible surface does nof require
a fire enclosure bottom. Such equipment;shall be marked in accordance with Clalise F.5,
except that element 3 is optional.

The elements of the instructionalsafeguard shall be as follows:

— element 1a: not available
— element 2: "RISK OF FIRE" or equivalent text
— element 3: optional

— element 4: "Instalhonly on concrete or other non-combustible surface" or equivalent text
6.4.8.3.p Side openings and side opening properties

Side opgning“properties of a fire enclosure and a fire barrier shall apply to openings [that are
on a verntical (+ 5 °) side surface

Where a portion of the side of a fire enclosure falls within the area indicated by the 5 ° angle
in Figure 46, the limitations in 6.4.8.3.4 on sizes of openings in bottoms of fire enclosures also
apply to this portion of the side.

Side openings that comply with the maximum dimensions as illustrated in Figure 45 are
considered to meet the requirements of this subclause without further consideration.

NOTE |In this case, the thickness of the side enclosure opening acts as a bottom enclosure and is sufficient to
prevent escape of fire debris (molten metal or burning material).
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Thickness of materials to be considered during 5° rule application
* y=maximum side opening vertical dimension

« t=thickness of side enclosure material

* d=maximum bottom opening size as specified in 6.4.8.3.4

Enclosure

y="11x(+d)

PIS

Complignce is checked by inspection and measurement. Except for that portion of the 3
fire englosure that is subject (o jthe requirements of 6.4.8.3.5 (see above paragraphj

are no g

Figure 45 — Applicationof bottom opening properties
to side enclosure material thickness

ther considerations for, side openings.

IEC

NOTE Limitations affecting-the/size of side openings are contained in other clauses of this document.

ide of a
), there
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Dimensions in millimetres

The PIS d
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person,
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Anng

b) a do|
both
— i
— i
c) adod
insta
and

6.4.8.3.

Complig

requirements apply '

an be either a point, a component or a trace on a printed board.

Figure 46 — PIS trajectory downwards

J Integrity of a fire enclosure

f a fire enclosure consists of a door or cover that can be opened by an o
the door or cover shall comply with requirements a), b), or c):

px K.

or or cover, intended to be routinely opened by the ordinary person, shall coni
of the following conditions:

shall not be removable from+other parts of the fire enclosure by the ordinary
nd

shall be provided with-a means to keep it closed during normal operating con

or or cover intended only for occasional use by the ordinary person, such ag
llation of accessories, may be removable provided that instructions for correct
reinstallation.of the door or cover are given in accordance with F.4.

y Compliance criteria

nee‘is checked by inspection of applicable data sheets and, where necessary,
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I | = >
6.4.8.3.4 applies No fire opening 16.4.8.3.4 applies ;

IEC

rdinary

oor or cover shall be interlocked and cemply with the safety interlock requirements in

ply with
person,;
ditions.

5 for the
removal

by test.

6.4.8.4

Separation of a PIS from a fire enclosure and a fire barrier

A fire enclosure or fire barrier made of combustible material shall:

— have a minimum distance of 13 mm to an arcing PIS; and

— have a minimum distance of 5 mm to a resistive PIS.

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.
Conditions 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 6.4.8.3.3 or
6.4.8.3.4 as appropriate; or

— the fire enclosure is made of V-0 class material; or
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— the fire barrier is made of V-0 class material or VTM-0 class material.

6.4.9

An insu

Flammability of an insulating liquid

lating liquid:

— shall have an auto ignition temperature not less than 300 °C as determined in accordance

with

ISO 871 or similar national standard (for example ASTM E659-84); and

— shall not flash; or shall have a flashpoint higher than 135 °C determined in accordance with
ISO 2719 using Pensky-Martens closed cup method (or a national standard, for example
ASTM D93); or by the Small Scale closed cup method in accordance with ISO 3679 (or
national standards, for example ASTM D3828 and ASTM D3278).

The tenhperature of components in contact with the insulating liquid shall not exc

flashpoi
Complig

6.5

I
6.5.1

In PS2
methodg

For con
IEC 603

For cor
IEC 603

For both
used ing

NOTE W

The ins
perform
IECTS

6.5.2

Equipm

nt of the insulating liquid.
nce is checked by the available data or by inspection and tests as applicable.

ternal and external wiring
General requirements

Circuits or PS3 circuits, the insulation on internal or external wiring shall pass
5 described below, or the equivalent.

32-1-2 and |IEC 60332-1-3 shall be used.

ductors with a cross-sectional area*pf less than 0,5 mm?2, the test met
32-2-2 shall be used.

internal and external wiring, thee test method described in IEC TS 60695-11-21
tead of the test methods in\IEC 60332-1-2, IEC 60332-1-3 or IEC 60332-2-2.

ire complying with UL 2556 V\W-1 is considered to comply with these requirements.

l//lated conductor-Or-cable shall be acceptable if it complies with the recom
ance requirements’ of the applicable IEC 60332 standards or with the requirern
60695-11-211

Requirements for interconnection to building wiring

eed the

the test

ductors with a cross-sectional area of 0,5 mm2 or greater, the test methods in

hods in

may be

imended
nents of

the out

bufCurrent to a value that does not cause damage to the wiring system

bnt intended to provide power over the wiring system to remote equipment sTaII limit

due to

overheating, under any normal operating conditions or external load conditions. 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 This wiring is not usually controlled by the equipment installation instructions, since the wiring is often

installed i

ndependent of the equipment installation.

PS2 circuits or PS3 circuits that provide power to external circuits shall have their output
power limited to values that reduce the likelihood of ignition within building wiring during normal
operating conditions and external fault conditions.

External circuits, such as those described in Table 13, ID 1a, 1b, 1c and 2, shall have the
current limited to 1,3 A RMS or DC when they are intended to provide power over a paired

conduct

or cable having a minimum wire diameter of 0,4 mm.
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EXAMPLE Time/current characteristics of type gD and type gN fuses specified in IEC 60269-2 comply with the
above limit. Type gD or type gN fuses rated 1 A, would meet the 1,3 A current limit.

Compliance is checked by test, inspection and by the requirements of Annex Q.

6.5.3 Internal wiring for socket-outlets

Internal wiring for socket-outlets or appliance outlets providing mains power to other equipment
shall have a nominal cross-sectional area at least as specified in Table G.7, including the

condition of footnote 2.

Compliance is checked by inspection.

6.6 Sjafeguards against fire due to the connection of additional equipment

The power delivered via communication ports to connected equipment or accessories [shall be
limited to PS2, unless it is likely that the connected equipment or accessories,also coniply with
6.3, 6.4[and 6.5.

This redquirement does not apply to the audio output of audio amplifiers.

Complignce is checked by inspection or measurement.

7 Injyry caused by hazardous substances

71 General

To reduge the likelihood of injury due to exposure to hazardous substances, equipment shall
be provided with the safeguards specified in.Clause 7.

NOTE 1 |These safeguards are not intended tp.be the only means to reduce the likelihood of such injury

NOTE 2 |The classification of other possible~-hazardous substances not addressed in Clause 7 is not cpvered by
this  doftument. In many  regions- of the world different legislation applies, quch as
Restrictioh of Hazardous Substances Directive (RoHS) and Registration, Evaluation, Authorisation and Restriction
of Chemigals (REACH).

7.2 Reduction of exposure to hazardous substances

The exposure to hazardous substances shall be reduced. Reduction of expogsure to
hazardgus substances shall be controlled by using containment of the hazardous
substances. Cantainers shall be sufficiently robust and shall not be damaged or degrpded by
the confents-over the lifetime of the product.

Complianee-is—ehecked-by=

— the examination of the effects the chemical has on the material of the container; and
— any relevant tests of Annex T according to 4.4.3, following which there shall be no leakage
from the container.

7.3 Ozone exposure

For equipment that produces ozone, the installation and operating instructions shall indicate
that precaution shall be taken to ensure that the concentration of ozone is limited to a safe
value.

NOTE 1 Currently, the typical long term exposure limit for ozone is considered to be 0,1 x 106 (0,2 mg/m?)
calculated as an 8 h time-weighted average concentration. Time-weighted average is the average level of exposure
over a given time period.

NOTE 2 Ozone is heavier than air.
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Compliance is checked by inspection of instructions or accompanying documents.

7.4

Use of personal safeguards or personal protective equipment (PPE)

Where safeguards, such as containment of a chemical, are not practical, a personal
safeguard and its use shall be specified in the instructions that are provided with the
equipment.

Compliance is checked by inspection of instructions or accompanying documents.

7.5
Where

specified in ISO 7010 and instructions shall be applied to the equipment in accorda
Clause F.5.

Complignce is checked by inspection of instructions or accompanying documents.

8 Mechanically-caused injury

8.1
To red

provided with the safeguards specified in Clause 8.

NOTE 1

NOTE 2

stands anld carriers used with these products or equipment.

8.2
8.2.1

Variou

Use of instructional safeguards and instructions

General

uce the likelihood of injury due to exposure to meghanical hazards, equipment

In some cases, the person is the source of the kineti¢energy.

Where not specifically mentioned in Clause 8x'the words "products" and "equipment" also co|

Mechanical energy source classifications
General classification

s|categories of mechanicalienergy sources are given in Table 34.

a hazardous substance is capable of causing an injury, instructional safegurLards as

ce with

shall be

ver carts,
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Table 34 — Classification for various categories of mechanical energy sources

Line Category MS1 MS2 MS3
1 Sharp edges and Does not cause pain or Does not cause injury ° but c " c
corners injury ° can be painful an cause injury
. Does not cause pain or inj b
2 Moving parts _ u b pal Doz fell ez injury oL Can cause injury ©
injury can be painful
H a
3a Plastic fan blades N o K <1 N " K <1 > MS2
See Figure 48 15000 2400 44 000 7 200
Other fan blades 2@ N K N K
+ <1 + <1
3b See Figure 47 15000 2400 22000 3600 i
LOOserning,
4 exploding or NA NA See ¢
imploding parts
5 Equipment mass f <7 kg < 25 kg > 25 kg
6 Vall/ceiling or other Equipment mass < 1 kg Equipment mass > 1 kg All equipment
structure mount f mounted <2 m © mounted <2 m © mounted > 2 m

@ The K factor is determined from the formula K = 6 x 107 (m 2 N?), where m is-the.mass (kg) of thg moving
part pf the fan assembly (blade, shaft and rotor), r is the radius (mm) of the fan{blade from centre life of the
motdr (shaft) to the tip of the outer area likely to be contacted, N is the rotational speed (rpm) of the fgn blade.

In the end product, the fan maximum operational voltage can be different than the rated voltage of the fan
and this difference should be taken into account.

b The [phrase "Does not cause injury” means that, according to expérience and/or basic safety stanfards, a
doctor or hospital emergency attention is not needed.

¢ The phrase "Can cause injury" means that, according to experience and/or basic safety standards, a|medical
doctpr or hospital emergency attention can be needed.

4 The following equipment constructions are examples.considered MS3:
— (¢RTs having a maximum face dimension exceeding 160 mm; and
— lpmps in which the pressure exceeds 0,2 MPa when cold or 0,4 MPa when operating.

¢ This|classification may only be used if the. manufacturer’s instructions state that the equipment is only|suitable
for mounting at heights <2 m.

f Mas$ of supplies, consumable matérials, media or the like that can be contained in the equipment|shall be
included in the calculation of the.equipment mass. The additional mass of such items is determinefd by the
manyifacturer.
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Figure 47 — Limits for moving fan blades§gde of non-plastic materials
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Figure 48 — Limits for moving fan blades made of plastic materials
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8.2.2 MS1

MS1 is a class 1 mechanical energy source with levels not exceeding MS1 limits under normal
operating conditions and abnormal operating conditions and not exceeding MS2 under
single fault conditions.

8.2.3 MS2

MS2 is a class 2 mechanical energy source with levels not exceeding MS2 limits under normal
operating conditions, abnormal operating conditions, and single fault conditions, but is
not MS1.

8.2.4 MS3

MS3 is ja class 3 mechanical energy source with levels exceeding MS2 limits undér|normal
operating conditions, abnormal operating conditions or single fault conditions| or any
mechanjcal energy source declared to be treated as MS3 by the manufacturer.

8.3 Sjafeguards against mechanical energy sources

Except ps given below, safeguard requirements for parts accessible to ordinary persons,
instructed persons and skilled persons are given in 4.3.

An instfuctional safeguard shall be provided for MS2 that is not obvious to an ingtructed
person or for MS3 that is not obvious to a skilled person.

Other MS3 parts not actively being serviced shall berlocated or guarded so that unintentional
contact |with such parts during service operations;is an unlikely result in the skilled|person
involuntary recoiling from class 2 or class 3 energy sources being serviced.

8.4 Sjafeguards against parts with sharp edges and corners
8.4.1 Requirements

Safeguards that reduce the likelihood of injury by parts with sharp edges and cofners in
accessible areas of the equipment are specified below.

Classifi¢ation of the energy sources shall be done according to Table 34, line 1.

Where @ sharp edge or corner classified as MS2 or MS3 is required to be accessible for the
function| of the equipment:

— any potential exposure shall not be life threatening; and

— the $harpedgeo
when exposed; and

d/person

— the sharp edge shall be guarded as much as practicable; and

— an instructional safeguard shall be provided to reduce the risk of unintentional contact in
accordance with Clause F.5, except that element 3 is optional.

The elements of the instructional safeguard shall be as follows:

, IEC 60417-6043 (2011-01)

— element 2: "Sharp edges" or equivalent text

— element 1a:

— element 3: optional
— element 4: "Do not touch" or equivalent text
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Compliance criteria

Where a sharp edge or corner is required to be accessible for the function of the equipment,
compliance is checked by inspection.

Where a sharp edge or corner is not required to be accessible for the function of the equipment
compliance is checked by the relevant tests of Annex V. During and after the application of the
force, the sharp edge or corner shall not be accessible.

85 S

8.5.1

afeguards against moving parts

Requirements

Safegulirds that reduce the likelihood of injury caused by moving parts of the equipnlnent (for

example
resettin

Plastic flan blades are classified according to Table 34, line 3a. Other fan(blades are c

accordir

NOTE 1
Consequg

judgement.

NOTE 2
the body

If a safety interlock is used as safeguard, the energy of the moving part shall be req

MS1 be

Unless
clothing

If a mo
ordinar
instruct

If a mo
ordinar

— any

) of a control device) are specified below.

g to Table 34, line 3b. Other moving parts are classified according to Table 34

ntly, the classification used in this document may only be based on'typical experience and er
t

Examples of factors influencing the energy transfer to a body-part include shape of the surface t}
bart, elasticity, velocity and the mass of equipment and body\part.

ore the part is accessible.

btherwise specified in this document,swhere the likelihood exists that fingers, jg

ing MS2 part is required(io be accessible for the function of the equipme
y person, the moving ypart shall be guarded as much as practicable
ional safeguard as _given in 8.5.2 shall be used.

ing MS3 part is;-required to be accessible for the function of the equipme
y person or an.instructed person:

exposure shall not be life threatening; and

— the :':oving part shall be obvious when exposed; and

— the

, pinch points, meshing gears and parts that can start moving due to~unejxpected

assified
, line 2.

The ability of a part to cause injury is not solely dependent upaon ‘the kinetic energy it ppssesses.

gineering
at strikes

uced to

wellery,

hair, etc., can come into conta¢t with moving MS2 or MS3 parts, an equipment
safegudrd shall be provided to prevent.entry of body parts or entanglement of such itg

ms.

Nt to an
and an

nt to an

QVving part shall be guarded as much as practicable; and

— an instructional safeguard as given in 8.5.2 shall be used; and

— a manually activated stopping device shall be clearly visible and placed in a prominent
position within 750 mm of the MS3 part.

Components of the manually activated stopping device shall be of an electromechanical

type

. A manually activated stopping device may consist of:

e a switch complying with IEC 61058-1 and that meets the requirements of Annex K and
that is provided with a latching type mechanism meeting the requirements of IEC 60947-
5-5, or

e an emergency stop device in accordance with IEC 60947-5-5.

Restarting of the mechanical system shall only be possible by initiating a start control procedure
after the manually activated stopping device has been manually reset.
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Moving MS3 parts:

— that are only accessible to a skilled person; and

— where the MS3 moving part is not obvious (for example, a device having intermittent
movement),

shall have an instructional safeguard as given in 8.5.2. Unless the moving part is arranged,
located, enclosed or guarded in such a way that the possibility of contact with the moving parts
is unlikely, a stopping device shall be placed in a clearly visible and prominent position within
750 mm of the MS3 part.

8.5.2 Instructional safeguard requirements

An instructional safeguard shall be provided to reduce the likelihood of unintentieonall contact
with a moving part in accordance with Clause F.5, except that element 3 is optional:

The elements of the instructional safeguard shall be as follows:

— element 1a: IEC 60417-6056 (2011-05) for moving fan"blades; or

IEC 60417-6057 (2011-05) for other moving parts

— element 2: "Moving parts" or "Moving fan blade" as_applicable, or equivalent text
— element 3: optional
— element 4: "Keep body parts away from moving parts" or "Keep body parts away from

fan blades" or "Keep body parts out of the motion path" as applicable, or
equivalent text

During prdinary person servicing conditions, where it is necessary to defeat or bypass the
equipment safeguard preventing acecess to a moving part classified as MS2, an instryctional
safeguard shall be provided to:

— discpnnect the power source prior to defeating or bypassing the equipment safeguard; and
— restore the equipment _safeguard before restoring power.

8.5.3 Compliance criteria

The accssibility ofimoving parts shall be checked by inspection and, if necessary, be eyaluated
according to the relevant parts of Annex V.

8.5.4 Special categories of equipment containing moving parts

8.5.4.1 General

Clause 8.5.4 applies to large self-contained equipment installed in restricted access areas
(for example, a data centre), typically of such a size that a person can enter completely, or can
insert a complete limb or head into areas containing hazardous moving parts and where a
person is expected to enter the area to service or operate the equipment.

Equipment covered by this paragraph are automated information mass storage and retrieval
systems that use integral hazardous moving parts for the handling of recorded media (for
example, tape cartridges, tape cassettes, optical discs, etc.) and similar functions and large
printers.
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8.5.4.2 Equipment containing work cells with MS3 parts
8.5.4.2.1 Protection of persons in the work cell

During normal operating conditions, no MS3 moving parts shall be accessible at the outer
enclosure of a work cell.

The equipment shall be provided with safeguards to reduce the risk of injury due to MS3 moving
parts in the work cell. Other class 3 energy sources within a work cell shall not be accessible
under normal operating conditions, abnormal operating conditions and single fault
conditions.

EXAMPLE pfocedures

and trainipg.

NOTE 1 [Some authorities can require installation of fire detection and extinguishing systems in work cells.

Access o a work cell or any of its compartments shall be protected by either of the fpllowing
methods:

— Method 1 — Safety interlock method. No key or tool is needed to,gain entry to the work
cell| Safety interlocks meeting the requirements of Annex K shall be provided to[prevent
accgss to the work cell while power is available to the{MS3 moving parts|in that
compartment. Power to the MS3 moving parts shall not be restored until the doors arg closed
and [latched. Opening of the interlocked access door into ‘any compartment of a wprk cell
contpining MS3 moving parts, or an access door betWeen a compartment containing MS3
mov|ng parts and one that has been disabled, shall/automatically initiate disconngction of
the pupply to such parts, and to reduce to a class 2 energy source within 2 ¢§ for an
instructed person or a skilled person. If reduction of the energy source class takes longer
than|2 s, then an instructional safeguard shall be provided in accordance with Clapse F.5.

— Method 2 — Key or tool method. A key ortool shall be required to gain and contro| access
to thie work cell, and access to the workicell shall be prevented while power is avajilable to
the MS3 moving parts in that work“cell. The operating and servicing instructions, as
appropriate, shall specify that theskey or tool must be carried by the person while in the
work cell. When the work cell-'can be entered completely closing of the door without the
key pr tool shall not result inthe equipment being restarted automatically.

NOTHE 2 The key or tool may be used as the means to remove power before access to the wofrk cell or
compjartment.

Except as permitted in“\8.5.4.2.2, it shall not be possible to start or restart the system|until all
relevant access doors are closed and latched.

Where it is pessible to enter a work cell completely, an automatically activated meg¢hanical
interlock shall’be provided so that the door cannot be closed inadvertently if this closufje would
allow the“equipment to be restarted. It shall be possible to open any door from inside the work
cell without the use of a key or tool. The means of opening the door from inside the work cell
shall be readily identifiable and visible, whether the door is open or closed, irrespective of the
operating status of the equipment.

Compliance is checked by inspection.

During servicing of the equipment, there can be a need to energize the equipment to allow for
alignment, etc. In such cases, under single fault conditions or abnormal operating
conditions, adequate means shall be provided to limit the movement of the parts so that they
do not become MS3, such as by extended travel or by having parts detach and be ejected from
the moving assembly. Such means shall be capable of limiting these moving parts to less than
MS3 under rated load, maximum speed conditions and at maximum extension.
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Compliance is checked by inspection, and, if necessary, by the tests of B.3 and B.4. The
enclosure or compartment separation barriers shall contain any part that can become detached
during the test.

8.5.4.2.2 Access protection override
8.5.4.2.2.1 General

If it is necessary for a skilled person to override a protective mechanisim such as a safety
interlock for access to a work cell or compartment, an override system complying with
Clause K.4 shall be provided. In addition, when an override system is used, an emergency stop
system shall be provided in accordance with 8.5.4.2.3, and shall comply with the operational
endurance requirements of 8 54 2 4

Complignce is checked by inspection.

8.5.4.2.2.2 Visual indicator

A set off two or more bright flashing indicators complying with IEC 6007 3 shall operafe under
the following conditions:

a) for d work cell or compartment that can be entered completely to indicate the equipment is
being restored to normal operation and motion is pending;-or
b) for any equipment when the interlock is overridden and drive power is available|to MS3
mov|ng parts.

The indicators shall be readily visible at any point within the work cell or relevant comgartment
and at the point of entry. For condition a), the indicators shall operate for a minimum of 10 s
prior to|movement of a MS3 moving part along\the most significant axis. If condition a) can
occur while condition b) is in effect, there shall be a change of light sequencing such |that the
change |in status will be obvious to persong/in or at the point of entry to the work cell.

NOTE Tphe most significant axis is the one with-the longest travel distance. This is usually the horizontal |(X) axis.

Complignce is checked by inspection and test.

8.5.4.2.38 Emergency stop system

This subpclause only applies if a safety interlock override is provided as specified in 8|5.4.2.2.

An emefrgency stop system shall override all other controls, remove drive power from MS3
moving |parts @and’employ automatic braking, if necessary, to cause all these moving [parts to
stop within, a reasonable time period such that a level 3 hazard cannot be contacted.

Components of the emergency stop sysiem shall be of an electromechanical type. An
emergency stop control may consist of:

— a switch complying with IEC 61058-1 and that meets the requirements of Annex K and that
is provided with a latching type mechanism meeting the requirements of IEC 60947-5-5, or
equivalent; or

— an emergency stop device in accordance with IEC 60947-5-5.

NOTE In the United Kingdom, an emergency stop system complying with the requirements of IEC 60204-1 and
ISO 13850 is applicable where there is a risk of personal injury.

Alternatively, the safety function of the emergency stop system shall have a Safety Integrity
Level (SIL) per IEC 62061, or a Performance Level (PL) per ISO 13849-1 that is consistent with
the results of a risk assessment of the work cell.
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Restarting of the mechanical system shall only be possible by initiating a start control procedure
after the emergency stop control has been manually reset.

For equipment where a person can completely enter the work cell, the emergency stop system
shall include a minimum of two emergency stop controls, one outside the work cell and one
within the work cell. The system start up procedure shall include a non-hazardous method to
ensure no person is present in the work cell. If it can be shown, after application of the single
fault tests specified in 8.5.4.2.4 to the movement control circuitry or other sensing means, that
such tests do not by-pass the non-hazardous start up procedure, the emergency stopping
distance test of this subclause is not required.

For equipment where a person can only partially enter a work cell or compartment, a minimum
of one gmergency siop conirol shall be provided ouiside of the work cell. The emergefcy stop
system ghall be operable by the person needing to have access to the work cell.

An emefgency stop control provided outside the work cell shall be readily visible and [shall be
located pn the equipment such that the person operating it can see if the work cell is o¢cupied.
The insfallation instructions shall require that space be provided aroundthe control sq that an
instructed person or skilled person can easily reach and activate it.

An emedrgency stop control provided inside the work cell shall be readily accessibple from
anywhefe inside the work cell and shall be provided with lighting to permit easy identification.
It shall [consist of a red palm or mushroom head button or be provided with an |indirect
arrangement, such as an easily identifiable red safety cable; that activates the emergency stop
system.

Complignce is checked by inspection and, if necessary, by the following tests.

While the mechanical system is operating at\its maximum kinetic energy (carrying maximum
load capacity at maximum speed), the emergency stop system shall be activated jand the
distance to stop measured. The results™of the distance measurements shall show that after
activation of the emergency stop system, any subsequent motion in any direction would be
unlikely|to present a risk of injury.

The makimum stopping distance from the point of activation, along the most significant axis,
shall be| 1 m or less. In addition, if there is an end point along the most significant axis| beyond
which the MS3 moving.-part does not operate, there shall be at least 150 mm of emply space
availablpe between this~end point and the nearest fixed mechanical part, intended to|provide
sufficient space forfa-person not to be harmed. The requirements of B.3.8 apply.

8.5.4.2.4 Endurance requirements

bverride
essible

Except
is provi
cable contains ES3 voltages.

s.referenced in 8.5.4.2.3, this subclause only applies when a safety interlock
VAL

Movable cable assemblies are tested to ensure that no mechanical damage occurs that could
result in any of the following:

— a malfunction of the safety interlock system;

— compromise any compartment separation barriers or mechanical enclosures;

— expose a person to other hazards.

If the voltage in these cables and movement control circuitry are ES3, mechanical endurance
tests shall be applied to ensure that no electric shock hazard results.
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For cables that carry only voltages meeting the requirements for ES1, if it can be shown that
single open-circuit or short-circuit fault testing of these cables and movement control circuitry
would not result in a hazard, they are exempt from the mechanical endurance tests.

Compliance is checked by inspection and, when necessary, by the following mechanical
endurance tests.

The mechanical system, including the means (for example, limit switches) that limit movement
during normal operation, are subjected to 100 000 cycles of operation at rated load and
maximum speed through the maximum length or rotation of travel permitted by the design.

After the cycling:

— a mechanical function check (for example, MS3 moving parts to operate electroémeg¢hanical
switthes; end of travel mechanical stop, etc.) and a visual inspection, are’conducted.
Mechanical stops and electromechanical switches shall perform as intended. -There|shall be
no evidence of loss of mechanical integrity. All safety-related fadnttions (ipcluding
emefgency stop systems, and the like, as applicable) shall operate nermally; and

— the assembly cables that control the MS3 moving parts, other than/those containing only
ES1] are examined for damage that exposes conductors carrying greater than ES1. No
conductor shall be broken and no individual strands shall have penetrated the insulation. If
damjge cannot be determined by inspection, the cable &ssembly shall pass an|electric
streallrgth test of 1 000 V, in accordance with 5.4, applied between the conductors garrying
gredter than ES1 and foil wrapped around the body of the cable.

8.5.4.3 Equipment having an electromechanicaldevice for destruction of medja
8.5.4.3.1 General requirements

Equipment safeguards to protect persons, including children, for equipment intepded to
mechanically destroy various media by means of moving parts that draw the media [into the
equipment are specified below. The media destruction device within this equipment is|classed
as MS3

EXAMPLES Equipment that includes household use and home-office use document shredding and sim{lar media
destructign devices, as determined by'the nature of their power source.

With the exception of industrial equipment or equipment for use in a restricted access area,
other equipment for use,in locations where children are not likely to be present shall have a
statement in accordance with Clause F.4.

Equipment shallkbe provided with safeguards so that MS3 moving parts are not accegsible to
the appropriate jointed test probe of Annex V and the wedge probe of Figure V.4. Requirements
for safetydnterlocks are according to 4.4.5, except that where a moving part cannot be reduced

to the appropriate energy class within 2 s the safety interlock shall continue to preventlaccess.

8.5.4.3.2 Instructional safeguards against moving parts

For equipment installed where children can be present, an instructional safeguard shall be
provided in accordance with Clause F.5, except that element 3 is optional.
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The elements of the instructional safeguard shall be as follows:

, IEC 60417-6057 (2011-05)

— element 1a:

— element 2: optional

— element 3: optional

— element 4: "This equipment is not intended for use by children" and "Avoid touching the

media feed opening with the hands, clothing or hair" and "Unplug this
equipment when not in use for an extended period of time" or equivalent text

8.5.4.3.3 Disconnection from the supply

An isolating switch complying with Annex L shall be provided to disconnect power|to MS3
moving |parts. A switch with an "OFF" position, that removes all power from the\MS3[ moving
part is gcceptable. The switch shall be located where it is easily accessible to the user whose
body palrt or clothes can be caught.

The "ON" and "OFF" positions of a two-position switch shall be-‘marked in accprdance
with F.3.5.2.

or a mylti-position switch, the "OFF" position of the switch shall be marked in accordapce with

F
F.3.5.2,]and the other positions shall be marked with appropriate words or symbols.

8.5.4.3.4 Test method

The mefdia destruction device is tested with the 'wedge probe of Figure V.4 applied in any
direction relative to the opening:
— with|a force up to 45 N for a strip-cut type'device; and

— with|a force up to 90 N for a cross-cutitype device.

NOTE Media destruction devices are typically identified as either strip-cut type or cross-cut type. A strip{cut media
destructign device shreds the media into,long strips using a motor-based shredding mechanism. A cross-cut media
destructign device shreds the media tWwo,'or more ways into tiny particles, typically using a more powerful jnotor and
more complex shredding mechanism.

Any englosure or guard-that can be removed or opened by an ordinary persoh or an
instructed person shall,be removed or opened prior to application of the probes.

8.5.4.3.5 Compliance criteria

Complignce isschecked in accordance with V.1.2 and V.1.5. The wedge probe shall notl contact
any moving part.

Where the equipment is provided with a safety interlock, compliance is checked according to
4.4.5, except where a moving part cannot be reduced to the appropriate energy class within
2 s, the safety interlock shall continue to prevent access.

8.5.5 High pressure lamps
8.5.5.1 General

The containment mechanism for high pressure lamps that are considered MS3 according to
Line 4 of Table 34 shall have adequate strength to contain an explosion of the lamp so as to
reduce the likelihood of injury to an ordinary person or instructed person during normal use,
or lamp assembly replacement, as appropriate.
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8.5.5.2 Test method

For the protection against the effects of a high-pressure lamp failure, the following test is
performed as follows:

— lamp assemblies considered MS3 parts during field replacement are tested separate from
the equipment;

— lamp assemblies only considered MS3 parts during operation may be tested separately, as
normally installed in the equipment, or both.

An explosion of the lamp is stimulated by mechanical impact, electronic pulse generator or
similar method. The lamp shall operate for at least 5 min to obtain operational temperature and
pressure—Tao evaluate the rupture results for potential debris area and particle sjze, the
equipment or lamp assembly is placed on a horizontal surface, and a dark sticky mat (orlanother
adequale method) of adequate size to capture the particles is placed near the exhaust vent of
the equipment. The equipment opening shall be oriented to maximize potential‘for particles to
be expefled from the product horizontally across the dark sticky mat. After the rupture, the glass
particles generated are measured using a magnified glass piece with a 0,1'mm resolutjon. The
test shall be conducted to simulate the worst-case operating position specified in the
instructions.

NOTE It|is easier for the inspection of potential glass debris if the sticky mat.has,a dark blue colour.

An example of an electronic pulse generator method is given in Figure D.3.
The chdrge is increased in steps of 5 J until the lamp ruptures are repeatable.

8.5.5.3 Compliance criteria

Complignce is checked by physical inspection, or, if necessary, by the tests of 8.5.5.2.

When tgsted in accordance with 8.5.5.2, inspect the dark sticky mat for glass particles) and:

— glask particles less than 0,8 mm=in the longest axis shall not be found beyond 1 m of the
enclosure opening; and

— glask particles equal to orgreater than 0,8 mm in the longest axis shall not be fourd.

For professional equipment, where it is unlikely that the particles will be within rea¢h of an
ordinary person, the value of 0,8 mm may be replaced with 5 mm.

8.6 Stability of‘equipment

8.6.1 Requirements

Classifi(’cﬁnn of nraodiicte faor tha nuirnncac Af accacoina antinmant ctahility ic A W done
SO H—O+H—pPHo G et o —Ee—pPurpoSeS—OoH—aSSeSSHg—equipheAt—Stapit t5—O0—0C

according to Table 34, line 5.

In case units are fixed together, the MS class is determined by the total weight of the units. If
units are intended to be separated for relocation, the MS class is determined by the individual
weight.

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.

Equipment shall comply with the requirements and tests given in 8.6.2, 8.6.3, 8.6.4 and 8.6.5
according to Table 35. Where an "x" is given, it means that the test is applicable.
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Table 35 — Overview of requirements and tests

Type of test
Equipment type sts:gitliiiy Do::)r:(\;veard Relocation Glass slide ® Ho;iig:tal
8.6.2.2 8.6.2.3 8.6.3 8.6.4 8.6.5

MS1 | All equipment No stability requirements

Floor standing X

Non-floor standing X
MS2

Controls or display @ X X

Fixed equipment No stability requirements ~

Floor standing

Non-floor standing

Controls or display 2

Fixed equipment No stability requirements
a8 Equipment with front mounted accessible user controls and equipment having\displays with moving images

likely to be used in the home or similar installation environments where the equipment can be accegsible to
children.

b The glass slide test is not applicable to floor standing equipment, even though the equipment can have|controls
or a display.

Where thermoplastic materials have an influence on.the stability of the equipment, the relevant
stability[tests shall be conducted after the stress relief test in Clause T.8 when the equipment
has cooled to room temperature.

MS2 ang MS3 television sets shall have anlinstructional safeguard in accordance with Clause
F.5, exgept that the instructional safeguard may be included in the installation instrugtions or
equivalgnt document accompanying the’equipment.

The elements of the instructional safeguard shall be as follows:

— element 1a: not availahle

— element 2: "Stability hazard" or equivalent text

— element 3: "The television set may fall, causing serious personal injury or death" or
€quivalent text

— element 4 the text below or equivalent text
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A television set can fall, causing serious personal injury or death. Many injuries, particularly
to children, can be avoided by taking simple precautions such as:

— ALWAYS use cabinets or stands or mounting methods recommended by the manufacturer

he television set.

— ALWAYS use furniture that can safely support the television set.
— ALWAYS ensure the television set is not overhanging the edge of the supporting furniture.

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

— ALWAYS route cords and cables connected to your television so they cannot be tripped

rnulled or arabbed
T ~J

— NE
— NE
wit
— NE
the
— NE
on

If the 6
as abo

VER place a television set in an unstable location.
hout anchoring both the furniture and the television set to a suitable stpport.
VER place the television set on cloth or other materials that can be-located b

television set and supporting furniture.

the top of the television or furniture on which the television‘is placed.

ve should be applied.

VER place the television set on tall furniture (for example, cupboards 6i booKcases)

VER place items that might tempt children to climb, such as-toys and remote controls,

xisting television set is going to be retained and relocated, the same considefations

btween

8.6.2
8.6.2.1

The eql
possibld
to contd
disadva

All door
ordinar

Static stability
Test setup
to keep it from sliding or rollin@during the test. During the tests, containers, if

in the amount of substance. within their rated capacity that will result in t
htageous condition.

ipment shall be blocked, if necessary, by means of a stop of the smallest dimensions

any, are
e most

5, drawers, casters, ‘adjustable feet and other appurtenances that are accessillle to an
y person, are arranged in any combination that results in the least stability. Equipment
with multi-positional features shall be tested in the least favourable position based on
pment construction. However, if the casters are intended only to transport the 4nit, and
tallation dnstructions require adjustable feet to be lowered after installation,
ble feet. (and not the casters) are used in this test.

hen the

bd at its
sible to

an instructed person or skllled person shall be arranged in any combmat:on spec:fled by the
servicing instructions that results in the least stability.

The tests of 8.6.2.2 and 8.6.2.3 shall be performed as indicated in Table 35.

8.6.2.2

Static stability test

The equipment shall be subjected to one of the following tests:

— the equipment is tilted in all directions such that the base of the equipment is at an angle
up to and including 10°; or

— the equipment is placed on a plane at an angle of 10° from the horizontal and rotated slowly
through an angle of 360° about its normal vertical axis; or

— the equipment is placed on a horizontal non-skid surface and subjected to a force equal to:
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o 50 % of the weight of the unit vertical downwards, but not more than 100 N. If, during
the test, the supporting surface prevents the equipment from overturning, the test shall
be repeated such that the supporting surface is not used to pass the test; and

o 13 % of the weight in all horizontal directions but not more than 250 N,

that is applied to the worst case positions on the equipment by means of a suitable test
apparatus having a flat surface of approximately 125 mm by 200 mm, in such a way as
to produce the maximum overturning moment. The test may be applied at any height not
exceeding 1,5 m from the base of the equipment. The test force shall be discontinued if
the equipment remains stable after being tilted 10° from vertical.

8.6.2.3 Downward force test

Equipment shall not tip over when a constant downward force of 800 N is applied at the point
of leverpge for a maximum moment to any point of any surface within 10° of horizonftal of at
least 126 mm by at least 200 mm, at any height up to 1 m from the base of the equipment. The
800 N force is applied by means of a suitable test apparatus having a. flat sufface of
approximately 125 mm by 200 mm. The downward force is applied with the complete flaf surface
of the tgst apparatus in contact with the equipment, however the test apparatus need not be in
full contlact with uneven surfaces (for example, corrugated or curved stifaces).

Equipment having a shape or a flexibility of the surface that is not likély to be used as g step or
a ladder are exempt from the test.

EXAMPLE Products in combination with a cart or stand or products with, protrusion or recess where the copstruction
is obvioudly not to be used as a step or ladder.

8.6.2.4 Compliance criteria

During the tests, the equipment shall not tip over:

8.6.3 Relocation stability
8.6.3.1 Requirements
Equipment shall be stable when-itis being relocated. Equipment shall:

— be efquipped with wheelsshaving a minimum diameter of 100 mm; or
— comply with the test.of 8.6.3.2.

8.6.3.2 Test method and compliance criteria

The equipment s tilted to an angle of 10° from its normal upright position in any directign. If the
equipment is-such that when it is tilted through an angle of 10° when standing on a hqgrizontal
plane, & part-of the equipment not normally in contact with the supporting surface would touch
the horigontal plane, the equipment is placed on the edge of the horizontal support ddring the
test so that the contact is not made. 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°.

Equipment expected to be moved or relocated by ordinary persons shall have:

— all doors and drawers not having a positive means of retention and that can be opened
inadvertently; and

— casters, adjustable feet and the like

arranged in any combination that results in the least stability.

Equipment expected to be moved or relocated by an instructed person or a skilled person,
shall have all doors, drawers, etc., positioned in accordance with the manufacturer's
instructions.
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A unit provided with multi-positional features shall be tested in the least favourable position
based on the equipment construction.

The equipment shall not tip over during the test.

8.6.4 Glass slide test
The equipment 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°.

During the test, the equipment shall not slide or tip over.

8.6.5 Horizontal force test and compliance criteria

The equipment shall be placed on a horizontal non-skid surface with all doors, drawers, lcasters,
adjustable feet and other movable parts arranged in any combination that‘tesults in the least
stable dondition. The equipment shall be blocked, if necessary, by means of a stop of the
smallest dimensions possible, to keep it from sliding or rolling when-'subjected to ong of the
following tests:

— an external horizontal force of 20 % of the weight of the equipment or 250 N, whichever is
less) is applied to that point on the equipment that will resdlt'in the least stability. The force
shall not be applied more than 1,5 m above the supportihg surface; or

— the equipment shall be moved through any angle f tilt up to and including 15° from the
vertical; or

— the ¢quipment is placed on a plane and is rotated through an angle of 360° about it§ normal
vertical axis while tilted at an angle of 15°,

During the test, the equipment shall not tipcover.

8.7 Ejquipment mounted to a wallj.ceiling or other structure
8.71 Requirements

Classifi¢gation of equipment for‘the purposes of assessing mounting means for attachment to a
wall, ceiling or other fixed structure (for example, a pole or tower) is done according to Tgble 34,
line 6.

For MS2 or MS3 équipment:

— If the manufacturer defines specific mounting means, the combination of the mounting
means and the equment shall comply W|th 8.7.2, Test 1. The hardware used tg fix the
mou gscribed
in detail in the user instructions (for example, length of screws, diameter of the screws, etc.).

— If the manufacturer does not define specific mounting means, but the equipment is provided
with any part (for example, a hook or threaded hole) which facilitates attaching such
mounting means to the equipment, such parts shall comply with 8.7.2, Test 2, as
appropriate. The user instruction shall advise on the safe use of such parts (for example,
screw size including thread size and length, number of screws, etc.).

— If the equipment is provided with threaded parts for attachment of the mounting means, the
threaded parts without the mounting means shall additionally comply with 8.7.2, Test 3.

NOTE The tests are meant to test the fixing of the mounting means to the equipment and not to test the fixing to
the wall, ceiling or other structure.

8.7.2 Test methods

If the construction involves thermoplastic materials that have an influence on the strength of
the mounting system, the tests shall be performed after the stress relief test of Clause T.8.
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The equipment is mounted in accordance with the manufacturer’s instructions and the mounting
means positioned, when possible, to represent the most severe stress on the supports.

A force in addition to the weight of the equipment is applied downwards through the centre of
gravity of the equipment, for 1 min. The additional force shall be:

— three times the weight of the equipment; or

— the weight of the equipment plus 880 N,

whichever is less.

Afterwa
applied

Test 2

The tes
attachm

— four

- two

Each in
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Test 3
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shall be
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times. T
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rds, for equipment mounted to a wall or another structure, a horizontal foree of
aterally for 1 min.

t force shall be equivalent to the least of the following divided by the nu
ent points in the mounting system:

times the weight of the equipment; or
times the weight of the equipment plus 880 N.

llowing six test forces:

tions, one direction at a time, separated by 90°.
ward directed push force parallel\to’its centre axis for 1 min.
utward directed pull force parallel to its centre axis for 1 min.

ounting system design relies upon threaded parts, each threaded part, one a
subjected to the(following test.

bw s tightehed with a torque according to Table 36 and then loosened, for a t
he torque Shall be applied gradually.

esponding screw fastener is supplied by the manufacturer, it shall be used for

50 N is

mber of

Hividual representative point in the mounting .system, one at a time, shall be slibjected

ear force perpendicular to its centre axis-for 1 min. The force shall be applied in four

a time,

btal of 5

the test.

If no co

(responding screw fastener is supplied by the manufacturer, even though a sci

ew type

is recommended in the user instructions, any screw with the same diameter shall be used for

the test.
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Table 36 — Torque to be applied to screws

Nominal diameter of screw Torque
mm Nm
up to and including 2,8 0,4
over 2,8 up to and including 3,0 0,5
over 3,0 up to and including 3,2 0,6
over 3,2 up to and including 3,6 0,8
over 3,6 up to and including 4,1 1,2
over 4,1 up to and including 4,7 1,8
over 4,7 up to and including 5,3 2,0
over 5,3 up to and including 6,0 2,5
8.7.3 Compliance criteria
Complignce is checked by inspection and by the tests of 8.7.2, as applicable. The equipment
or its agsociated mounting means shall not become dislodged and shall remain mechanically
intact apd secure during the test. Threaded parts shall remain mechanically intact.
8.8 Handle strength
8.8.1 General
A part gf the equipment used for lifting or carrying\the equipment, regardless of its shape or
location|or whether the part is intended for lifting.of carrying by hand or via mechanicall means,
is consifdered to be a handle and shall have adequate strength.
The eqlipment is classified according to~Table 34, line 5.
If equipment having handles is designed, or provided with instructions, for lifting or parrying
multiple| units together, the class:is determined taking into account the weight that| can be
carried.
Complignce is checked-by/inspection or by available data, or, where necessary, by the test of
8.8.2. Als a result of the-test, the handle, its securing means, or that portion of the enclosure
to which it is securéd; shall not break, crack, or detach from the equipment.
8.8.2 Testsmethod
A weightsshall 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 the
weight of the equipment;

NOTE No tests apply to MS1 equipment having only one handle.
— for MS2 equipment, a weight that exerts a force of three times the weight of the equipment;

— for MS3 equipment with a mass 50 kg or less, a weight that exerts a force of two times the
weight of the equipment or 75 kg, whichever is greater; and

— for MS3 equipment with a mass greater than 50 kg, a weight that exerts a force of the weight

of th

e equipment or 100 kg, whichever is greater.
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The additional weight shall be started at zero and gradually increased so that the test value is
attained in 5 s to 10 s and maintained for 60 s. When more 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.

8.9 Wheels or casters attachment requirements

8.9.1 General

The equi
used with carts, stands and similar carriers provided with wheels or casters, the classlification
is appligd using the combined mass.

The likelihood of MS3 equipment, including carts, stands and similar carriers that support the
equipment, from tipping over during movement shall be reduced.

8.9.2 Test method

Wheels |or casters on MS3 equipment, or their supporting cart, stahd or similar carrier, intended
to be mpved as part of its normal operating conditions, shall be capable of withstgnding a
pull of 20 N. The pull force shall be applied by a weight, oré@ steady pull, to the wheel qr caster
for a pefiod of 1 min in any direction made possible by the construction.

During the test, the wheels or casters shall not be damaged or pull free from its securing means.

8.10 Carts, stands, and similar carriers
8.10.1 | General

The eqdiipment shall be stable with ‘the cart, stand or similar carrier. The classificgtions of
Table 34, line 5 are applied using the combined mass of both the equipment and the |carts or
stands gpecified with the equipment.

All cartg and stands specified for use with the equipment shall be subjected to the apgplicable
tests described in the following subclauses. A cart, stand or carrier shall be subjected to the
applicahle tests alone 'and again with the equipment specified by the manufacturer placed on
the cart|or stand.

MS3 equipment; including their supporting carts, stands and similar carriers that support the
equipment; that are not moved as part of its normal operating conditions, shall comply with
the horiiontal force test of 8.6.5.

MS2 or MS3 equipment more than 1 m in height, including equipment mounted on their specified
cart, stand or carrier, shall comply with the relocation stability test in 8.6.3 except that the tip
angle becomes 15°. If equipment is provided with wheels or casters that allow the equipment
to only move in limited directions, the test is only applied in those directions (for example, an
electronic white board).

8.10.2 Marking and instructions

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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The elements of the instructional safeguard shall be as follows:

— element 1a: not available
— element 2: "Caution" or equivalent text

— element 4: "This (cart, stand, or carrier) is intended for use only with (manufacturer's
name), (model number or series), (equipment name)." or equivalent text

— element 3: "Use with other equipment may result in instability causing injury" or
equivalent text

The elements shall be in the order 2, 4, and 3.

The instructiomat—safeguard—shat-be—affixed-tothe—cart—stand—or—carrieror-inctuded in the

installatjon instructions or equivalent document accompanying the equipment.

Equipment only intended and shipped for use with a specific cart, stand or similar carrigr, shall
be provided with an instructional safeguard in accordance with Clause F.5and be comprised
of:

— element 1a: not available
— element 2: "Caution" or equivalent text

— element 4: "This (equipment name) is for use only with(manufacturer's name)| (model
number or series), (cart, stand, or carrier)’ of equivalent text

— element 3: "Use with other (carts, stands, or carsiers) may result in instability [causing
injury" or equivalent text

The elements shall be in the order 2, 4, and 3.

The instructional safeguard shall be affixed to the equipment or included in the installation
instructions or equivalent document accompanying the equipment.

8.10.3 [ Cart, stand or carrier loading test and compliance criteria

A cart, $tand or carrier shall b€ constructed so that permanent deformation or damagge that is
capable|of resulting in injury.to a person, does not occur when it is subjected to a force ¢f 220 N
applied [for 1 min to any grippable or leverage point accessible to a child.

To detefmine compliance, the force is applied through the end of a 30 mm diameter|circular
cylinden The force)shall be applied to a shelf drawer, dowel rung support, or equivalent part
that is within 750"nm from the floor and will support some or all of a child's weight. The force
shall be|appliedsfor 1 min with the cart or stand at room temperature. The part shall not ¢ollapse
or break sp'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 deformation or
damage that is capable of resulting in injury to persons does not occur when each supporting
surface is individually loaded with:

— the manufacturer’s intended load plus 440 N for the surface intended to support a display
with moving images; or

— four times the manufacturer's intended load or 100 N, whichever is greater but not to exceed
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 shall be applied for 1 min on each supporting surface, with the other supporting
surfaces unloaded.
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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 impact shall be applied to any part of the cart or stand and the test method shall be as
described in Clause T.6. However, a cart, stand or carrier made of glass shall instead be tested
according to 4.4.3.6.

8.10.5

Mechanical stability

A cart, stand or carrier, including floor standing types, shall be subjected to the applicable tests
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MS3 equipment.

purposes of these tests, the weight shall be considered as the total.weigh
bnt plus the weight of the cart, stand or carrier. The equipmentyshall be
g to the manufacturer's instructions and the horizontal force shalllbe applied
stand or carrier or intended equipment to produce a maximumoverturning mo
lpoment at a point up to a maximum height of 1,5 m above the floor level.

the tests of 8.6.3 and 8.6.5 the equipment starts to slide or'tip relative to the ca
r, only the horizontal force test shall be repeated by réducing the force to 13
f the equipment alone, or 100 N, whichever is less;

ipment and cart or stand shall not tip over.

Thermoplastic temperature stability

pment, cart, stand or carrier using;‘thermoplastic materials in its constructi
d the test of Clause T.8 withouf\'any shrinkage, warpage, or other distortio
lastic materials that results in ¢he equipment failing to comply with 8.10.3, 8.1

ounting means for slide-rail mounted equipment (SRME)
General

bclause specifies requirements for horizontally mounted slide-rails to red
d of injury’by retaining the SRME in a stable position and not allowing the slide

Lirements below apply to the mounting means of MS2 and MS3 SRME that is:

1tended

t of the
nstalled
o either
ment on

rt, stand
% of the

bn shall
h of the
0.4 and

uce the
-rails to

the means 'of attachment to break, or the SRME to slide past the end of the sligle-rails.

— installed in a rack and that is intended to be extended on slide-rails away from the rack for
installation, use or service; and

— SRME that extends the full width of the rack; and
— having a top installation position more than 1 m in height from the supporting surface.

The requirements do not apply to any of the following:

— equi
— othe

— equi

pment subassemblies;
r equipment fixed in place in the rack;
pment that is not intended to be serviced while extended on slide-rails.

The mechanical mounting means for the SRME are referred to as slide-rails. The SRME may
be the actual product configured in its worst-case mechanical loading, or a representative
enclosure with weights to simulate worst-case loading.
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NOTE 1 Slide-rails include bearing slides, friction slides or other equivalent mounting means.

NOTE 2 Subassemblies of the end product (for example, removable modules, component drawers, pull out
paper/heater trays in copiers/printers) are not considered to be SRME.

8.11.2 Requirements

Classification of products for the purposes of assessing equipment stability shall be done
according to Table 34, line 5.

NOTE For assessing equipment stability, see 8.6.

Slide-rails shall retain the SRME and have end stops that prevent the SRME from
unintentianally sliding off the mounting means

The slide-rails shall be installed in a representative rack with the SRME, or in_an'équivalent
setup infaccordance with the manufacturer’s instructions.

Slide ralls with a single extended position shall comply with the downwardforce test of 8.11.3.1
in the extended position.

Slide ral|ls having a service position and an installation position shall-Comply with the dqwnward
force tegt of 8.11.3.1 in the service position.

All slidg rails shall comply with the tests of 8.11.3.2 and~8:11.3.3 in both the service |position
and the|installation position.

Following each test, the slide-rails and the SRME_may be replaced before conducting fhe next
test.

A multi position slide rail shall not extend.@utomatically to any of the extended positigns. The
SRME ghall only be able to go to the service position when pulled out. A latch or othef means
shall be|provided to stop the SRME in*the service position. Any service position and insftallation
position|shall be explained. An instructional safeguard shall be provided for the installer. The
elements of the instructional safeguard shall be as follows:

— element 1a: not available

— element 2: Stability_hazard

— element 3: "The rack may tip over causing serious personal injury"

— element 4: the text below or equivalent text

Before ¢xtending the rack to the installation position, read the installation instructions.

Do not putanyvload on the slide-rail mounted equinment in the installation position
F Y A R i g g

Do not leave the slide-rail mounted equipment in the installation position.

8.11.3 Mechanical strength test
8.11.3.1 Downward force test

With the SRME in its extended position, a force in addition to the weight of the SRME shall be
applied downwards through the centre of gravity for 1 min.

The additional force applied to the SRME shall be equal to the greater of the following two
values, with a maximum of 800 N:

— 50 % of the SRME weight plus a force of 330 N; or
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— 50 % of the SRME weight, plus an additional weight, where the additional weight is equal to
the SRME weight or a force of 530 N, whichever is less.

NOTE This additional force is intended to take into account other items or devices that are stacked on top of the
installed SRME while in the extended position during installation of other SRME.

For slide-rail mounted shelves, the shelf shall be tested with a weight of 125 % of the maximum
weight that is intended to be placed on the shelf.

A marking shall be provided on the shelf to indicate the maximum weight that may be added to
the shelf.

8.11.3.2___ Lateral push force test

A 250 N static push force is applied laterally, in both directions at or near the end.¢f the SRME
with the| slide rails in their fully extended (service) position for a period of 1 min~-The|applied
weight floes not necessarily have to be in full contact with uneven surfaces-(for example,
corrugated or curved surfaces) but shall be concentrated within 30 mm of the-end of thg SRME.

8.11.3.3 Integrity of slide rail end stops

To test the integrity of the end stops, a 250 N static pull force is applied at the front of the fully
extended rail on the SRME for a period of 1 min, in an attempt.to-cause the SRME to gome off
the slide-rail. The SRME is then returned to the (installed),usé position and then placed back
in the fully extended position. The test is performed 10 times.

8.11.4 | Compliance criteria

Complignce is checked by inspection and available:manufacturer’s data. If data is not ayailable,
then thg tests according to 8.11.3 are conducted.

Following each test, the SRME and its\associated slide-rails shall remain secure |for one
complete cycle of travel on its slide-rails. If the mounting means is not able to perform one
completfe cycle without binding, a fotce of 100 N shall be applied horizontally to the front of the
SRME gt its centre point with the.infent to completely retract the SRME into the rack.

The molnting means shall.net bend or buckle to any extent that could introduce an injyry. End
stops shall retain the SRME in a safe position and shall not allow the SRME to slide past the
end of the slide-rails.

8.12 Telescoping or rod antennas

A telesqoping. or rod antenna that is likely to be available in locations where children can be

present| shall’be provided with a means to reduce the risk of injury due to a sharp point|or edge
at the ehdrof the antenna-.

The following is considered to comply:

— the end piece has no sharp edges or points; or
— a minimum 6,0 mm diameter button or ball is provided 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.11.
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9 Thermal burn injury

9.1 General

To reduce the likelihood of painful effects and injury due to thermal burns, accessible parts
shall be classified and when necessary provided with the safeguards specified in Clause 9.

NOTE Electric burns due to radio frequency (RF) energy sources are a special case in this document. They are
controlled by limiting accessibility above a specified frequency. These limits and conditions are defined in the notes ¢
and © defined in Table 4.

9.2 Thermal energy source classifications

9.2.1 TS1
TS1 is g4 class 1 thermal energy source where temperature level:

— doeg not exceed the TS1 limits under normal operating conditions; and
— doeg not exceed the TS2 limits under:
. jbnormal operating conditions; and

. ingle fault conditions.

9.2.2 TS2
TS2 is g class 2 thermal energy source where the temperature level:

— excgeds the TS1 limits; and
— doeg not exceed the TS2 limits under:
e normal operating conditions,
e gbnormal operating conditions and

¢ gingle fault conditions.

Except for devices worn on the body in direct contact with the skin, where the malfurction of
the equipment is evident, no limits apply.

9.2.3 TS3
TS3 is @ class 3 thermal energy source where the temperature exceeds the TS2 |imits in

Table 37 under normal operating conditions, under abnormal operating conditions, or
under s{ngle fault conditions.

9.3 Tpuchtemperature limits

9.31 Requirements

Except as noted below, touch temperatures of accessible parts shall comply with Table 37.

An accessible part that, while in contact with the body, is likely to drop in temperature upon
touch may be evaluated under the limits of Annex A in IEC Guide 117:2010. An appropriate and
reproducible test methodology is determined by the manufacturer with due regard to the test
method in IEC Guide 117.

9.3.2 Test method and compliance criteria

The temperature tests are run with the room ambient conditions as defined in B.1.5, except that
the room ambient temperature shall be 25 °C + 5 °C.
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If the test is performed at a temperature between 20 °C and 25 °C, the results are adjusted to
reflect a value of 25 °C.

NOTE 1 For an explanation of why the test is done at 25 °C without adjusting results for higher ambient
temperatures, see IEC TR 62368-2.

The equipment shall be operated in a manner the manufacturer determines likely to result in
elevated thermal conditions of accessible surfaces and parts.

NOTE 2 It is possible that this is not 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 surfaces.
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Table 37 — Touch temperature limits for accessible parts

Maximum temperature (7, )
°C
Accessible parts P Glass
porcela’in Plastic
d
Metal and vitreous and Wood
X rubber
material
De.wc.es worn on the body gm direct contact with the 43 to 48 43 to 48 431048 |43 to 48
skin) in normal use (> 8 h)
Handles, knobs, grips, etc., and surfaces either held
or touched in normal use (> 1 minand <8h) 2 48 48 48 48
Handles, knobs, grips, etc., and surfaces held for 03
sHort periods of time or touched occasionally (> 10 s 51 56 6 (1/ 60
TS1 .
arld < 1 min) .q/
Handle, knobs, grips etc., and surfaces touched ! ,'\ ’
odcasionally for very short periods (> 1 s and 60 71 Q)b 77 107
<fos)f
e
Syrfaces that do not have to be touched to operate bV
: 70 94 140
the equipment (< 1 s) P
D(fVlc.es worn on the body gm direct contact with the 43 10 48 &%/to 48 431048 ||43 to 48
sKin) in normal use (> 8 h) Q
Handles, knobs, grlps; etc., and surfaces held in 580<< 58 58 58
ngrmal use (> 1 min) Ye)
N
Handles, knobs, grips, etc., and surfaces held for \\
sHort periods of time or touched occasionally (> 10 s K\} 61 66 70 70
TS2 .
arld < 1 min) !
S
Handle, knobs, grips etc., and surfaces touched b\
odcasionally for very short periods (> 1 s and 70 81 87 117
f .
<0 s) \\‘\
Sdrfaces that does not have to be tou to & &
ogerate the equipment (< 1 s) gt\@i 80 (100) 95 (100) s L=k
igher than the TS2 limits
a8 Exanjples of these surfaces include”a telephone handset, a mobile phone or another handheld device}, and the
palm|rest surface of a noteboek computer. Limits for > 1 s and < 10 s may be used for local hotspgts where
toucting can be easily aveided by changing the way the device is held.
b Where necessary, time.of contact shall be determined by the manufacturer and shall be consistent| with the
intenfled use in accordance with the equipment instructions.
¢ The Jalues in paréntheses may be used for the following areas and surfaces:
— ap area enithe surface of the equipment that has no dimension exceeding 50 mm, and that is nof{ likely to
be touched in normal use; or
— heatsinks and metallic parts directly covering heatsinks, except those on surfaces incorporating [switches

or controls handled during normal use.

For these areas and parts, an instructional safeguard in accordance with Clause F.5 shall be provided on or
near the hot part.

Under abnormal operating conditions and single fault conditions, for other areas and surfaces of the
equipment, an equipment basic safeguard is required.

4 For metal parts that are covered with plastic or rubber material of at least 0,3 mm thick, the covering is
considered suitable for use as a safeguard and the temperature limit of plastic and rubber is allowed.

¢ Examples include portable lightweight devices such as watches, headsets, personal music players and sports
monitoring equipment. For larger devices or devices in direct contact with vital areas of the face (e.g. the
airways), lower limits may apply. For contact durations less than 8 hours based on its intended normal use,
apply limits between 48 °C/1 min and 43 °C/8 h. Calculations shall be rounded down to the nearest whole
number. An example is a headset with a limited battery charge of 2 h.

f Examples include surfaces that do not have to be touched for disconnection.



https://iecnorm.com/api/?name=c2ee52df7133e27250f2cd66c5e7cea5

IEC 62368-1:2023 © |IEC 2023 - 197 -

9.4

Safeguards against thermal energy sources

Except as given below, safeguard requirements for parts accessible to ordinary persons,
instructed persons and skilled persons are given in 4.3.

For protection of an ordinary person against TS2, an instructional safeguard in accordance
with 9.5.2 may be used as the basic safeguard.

Accessible parts (internal and external) classified as TS3 that require heat for the intended
function (for example, a document laminator, thermal print head, fuser heater, etc.) shall comply
with all of the following:

— the partdoesmotrmeedtobetouchedto upclatc the cquipmcnt (fU| c)\ampic, apart also
servjng a handle, knob, or grip function);

— it is| unlikely that an ordinary person will touch the part intentionally cunder [normal
operating conditions;

— unintentional contact with the part is unlikely by an ordinary person-during mainfenance
not involving the part;

— the part is provided with an instructional safeguard on or near thépart in accordapce with
9.5.2; and

— it is pnlikely that the part will be touched by children.

For protEction of a skilled person, parts and surfaces classed TS3 shall be provided|with an

equipment safeguard or provided with an instructional safeguard so that unintentional

contact
person

9.5
9.5
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An equi
normal
or limit gccessibility to a thermatenergy source to a touch temperature as classified in T

Temper
conditiopns where the equipment continues to operate as intended and, hence, the ahnormal
operati
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9.5
An
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to recoil into other class 3 energy sources {see Figure 19).

Rlequirements for safeguards

Equipment safeguard

5 are not applicable.

Instructional safeguard

ructional safeguard shall be provided in accordance with Clause F.5, exc

with such parts and surfaces during service eperations is unlikely to cause the skilled

lpment safeguard shall limit the transfer of thermal energy (source temperatur¢) under
operating conditions, abnormal operating conditions and single fault conditions

able 37.

bture limits are applied only for those abnormal operating conditions or single fault

ng condition.or-single fault condition is not obvious. If a malfunction is evidgnt, then

ept that

element 3 is optional.

The elements of the instructional safeguard shall be as follows:

element 1a: & IEC 60417-5041 (2002-10)
element 2: "CAUTION" and "Hot surface" or equivalent text

element 3: optional

element 4; "Do not touch" or equivalent text
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9.6 Requirements for wireless power transmitters
9.6.1 General

Wireless power transmitters for near field wireless power transfer can warm up foreign
metallic objects that can be placed close to or on such a transmitter. To avoid a burn due to
high temperatures of the foreign metallic objects, the transmitter is tested as specified in 9.6.3.
This requirement applies to wireless power transmitting devices that have a substantially flat
surface allowing for sufficient contact with both the foreign object and the receiver for engaging
near field magnetic induction from its primary coil to a secondary coil that is part of the power
receiving device.

9.6.2 _Specification of the foreign ohjects

The follpwing foreign objects are used:

— a stgel disc, see Figure 49;
— an ajuminium ring, see Figure 50; and

— an aluminium foil, see Figure 51.

Dimensions