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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INFORMATION TECHNOLOGY EQUIPMENT -
SAFETY -

1)

Part 1: General requirements

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization”“comprising
all national electrotechnical committees (IEC National Committees). The object of IEC) is" to promote
international co-operation on all questions concerning standardization in the electrical and-electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Techhical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter “referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natianal Committee interested
in the subject dealt with may participate in this preparatory work. International,” governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordancée with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express;as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical\committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for intepnational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible\for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible ifi/their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

All users should ensure that they haveé the latest edition of this publication.

No liability shall attach to IEC er its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature- whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out_oef\the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawh, to' the Normative references cited in this publication. Use of the referenced publications is
indispensable for:the correct application of this publication.

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

This>consolidated version of IEC 60950-1 consists of the second edition (2005)
[documents 108/135A/FDIS and 108/147/RVD], its corrigendum 1 (2006), its amendment
1/(2009) [documents 108/350/FDIS and 108/357/RVD] and its corrigendum 1 (2012), and

its amendment Z (20713) [documents T08/507/FDIS and T08/5T0/RVD]. Tt bears the editfion
number 2.2.

The technical content is therefore identical to the base edition and its amendments and
has been prepared for user convenience. A vertical line in the margin shows where the
base publication has been modified by amendments 1 and 2. Additions and deletions
are displayed in red, with deletions being struck through.
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International Standard IEC 60950-1 has been prepared by IEC technical committee 108:
Safety of electronic equipment within the field of audio/video, information technology and
communication technology.

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

Additional parts of IEC 60950-T will_ cOver speciiic _safety requirements for information
technology equipment having limited applications or having special features as follows:

Part 21: Remote feeding (published);

Part 22: Equipment installed outdoors (planned);

Part 23: Large data storage equipment (planned);

Except for notes, all text within a normative figure, or in a box under a normative table, is also

normative. Text with a superscript reference is linked to a particular itemin the table. Other
text in a box under a table applies to the whole table.

Informative annexes and text beginning with the word "NOTE" are hot normative. They are
provided only to give additional information.

"Country" notes are also informative but call attention to requirements that are normative in
those countries.

In this standard, the following print types are used:

— Requirements proper and normative annexessroman type.
- Compliance statements and test specifications: italic type.
— Notes in the text and in tables: smaller-roman type.

— Terms that are defined in 1.2: SMALL CAPITALS.

The committee has decided thatdhe contents of the base publication and its amendments will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch"” in*the data related to the specific publication. At this date, the
publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding

of its contents. Users should therefore print this publication using a colour printer
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INTRODUCTION

0 Principles of safety

The following principles have been adopted by technical committee 108 in the development of
this standard.

These principles do not cover performance or functional characteristics of equipment.
Words printed in SMALL CAPITALS are terms that are defined in 1.2 of this standard.

01 General principles of safety

It is essential that designers understand the underlying principles of safetyjrequirements in
order that they can engineer safe equipment.

These principles are not an alternative to the detailed requirements_of ‘this standard, but are
intended to provide designers with an appreciation of the basis of these requirements. Where
the equipment involves technologies, components and materials,_ or methods of construction
not specifically covered, the design of the equipment should pfoyide a level of safety not less
than those described in these principles of safety.

NOTE The need for additional detailed requirements to cope with a.new situation should be brought promptly to
the attention of the appropriate committee.

Designers shall take into account not only normal.-operating conditions of the equipment but
also likely fault conditions, consequential faults;, foreseeable misuse and external influences
such as temperature, altitude, pollution, moisture, overvoltages on the MAINS SUPPLY and
overvoltages on a TELECOMMUNICATION “NETWORK oOr a CABLE DISTRIBUTION SYSTEM.
Dimensioning of insulation spacings, should take account of possible reductions by
manufacturing tolerances, or where deformation could occur due to handling, shock and
vibration likely to be encountered duting manufacture, transport and normal use.

The following priorities should b&observed in determining what design measures to adopt:

— where possible, specify-’design criteria that will eliminate, reduce or guard against
hazards;

— where the above_is' not practicable because the functioning of the equipment would be
impaired, specify the use of protective means independent of the equipment, such as
personal pratective equipment (which is not specified in this standard);

— where neither of the above measures is practicable, or in addition to those measures,
specify\the provision of markings and instructions regarding the residual risks.

Theré_are two types of persons whose safety needs to be considered, USERS (or OPERATORS)
and\SERVICE PERSONS.

oo +h $ P~ - 3 all thar l-l-.—. R\ L
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protection should assume that USERS are not trained to identify hazards, but will not
intentionally create a hazardous situation. Consequently, the requirements will provide
protection for cleaners and casual visitors as well as the assigned USERS. In general, USERS
should not have access to hazardous parts, and to this end, such parts should only be in
SERVICE ACCESS AREAS or in equipment located in RESTRICTED ACCESS LOCATIONS.

When USERS are admitted to RESTRICTED ACCESS LOCATIONS they shall be suitably instructed.

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

Information about potential hazards can be marked on the equipment or provided with the
equipment, depending on the likelihood and severity of injury, or made available for SERVICE

RERSONS—In—general—USERS—shalnot be—exposed—to—hazardslikelyto—cause—injury—and
information provided for USERS should primarily aim at avoiding misuse and situations likely to
create hazards, such as connection to the wrong power source and replacement of fusescby

incorrect types.

MOVABLE EQUIPMENT is considered to present a slightly increased risk of shock, “due to
possible extra strain on the supply cord leading to rupture of the earthing conductor. With
HAND-HELD EQUIPMENT, this risk is increased; wear on the cord is more likely, and further
hazards could arise if the units were dropped. TRANSPORTABLE EQUIPMENT introduces a further
factor because it can be used and carried in any orientation; if a small metallic object enters
an opening in the ENCLOSURE it can move around inside the equipment,Jpossibly creating a
hazard.

0.2 Hazards

Application of a safety standard is intended to reduce the risk of injury or damage due to the
following:

— electric shock;

— energy related hazards;
- fire;

— heat related hazards;

— mechanical hazards;

— radiation;

— chemical hazards.

0.2.1 Electric shock

Electric shock is due.to current passing through the human body. The resulting physiological
effects depend on the value and duration of the current and the path it takes through the
body. The value of the current depends on the applied voltage, the impedance of the source
and the impedance of the body. The body impedance depends in turn on the area of contact,
moisture in.the area of contact and the applied voltage and frequency. Currents of
approximately half a milliampere can cause a reaction in persons in good health and may
cause€ injury indirectly due to involuntary reaction. Higher currents can have more direct
effeets, such as burn or muscle tetanization leading to inability to let go or to ventricular
fibrillation.

Steady state voltages up to 42,4V peak, or 60V d.c.,, are not generally regarded as
hazardous under dry conditions for an area of contact equivalent to a human hand. Bare parts
that have to be touched or handled should be at earth potential or properly insulated.

Some equipment will be connected to telephone and other external networks. Some
TELECOMMUNICATION NETWORKS operate with signals such as voice and ringing superimposed
on a steady d.c. supply voltage; the total may exceed the values given above for steady-state
voltages. It is common practice for the SERVICE PERSONS of telephone companies to handle
parts of such circuits bare-handed. This has not caused serious injury, because of the use of
cadenced ringing and because there are limited areas of contact with bare conductors
normally handled by SERVICE PERSONS. However, the area of contact of a part accessible to
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the USER, and the likelihood of the part being touched, should be further limited (for example,
by the shape and location of the part).

It is normal to provide two levels of protection for USERS to prevent electric shock. Therefore,
the operation of equipment under normal conditions and after a single fault, including any
consequential faults, should not create a shock hazard. However, provision of additional
protective measures, such as protective earthing or SUPPLEMENTARY INSULATION, is not

conciderad a cubhotitiidbn far Ar o ralinf fram neAanarly Adacianad DACIA INICIIE ATIARN
G

1O)
COTToTO CT OO ouU oottt otC T O O o T CeT T o PTropTTTy COoTgTT e U O/ASTS IV O/ T 1oy

Harm may result from: Examples of measures to reduce risks:
Contact with bare parts normally at Prevent USER access to parts at HAZARDOUS
HAZARDOUS VOLTAGES. VOLTAGES by fixed or locked covers, SAFETY

INTERLOCKS, etc. Discharge, ‘Caccessible
capacitors that are at HAZARDQUSWOLTAGES.

Breakdown of insulation between parts Provide BASIC INSULATION “and connect the
normally at HAZARDOUS VOLTAGES and accessible conductive parts and circuits to
accessible conductive parts. earth so that exposure.*to the voltage which

can develop is limited because overcurrent
protection will disconnect the parts having low
impedance fallts” within a specified time;
or provide Ca~ metal screen connected to
protective earth between the parts, or provide
DOUBLE INSULATION or REINFORCED INSULATION
betwéen” the parts, so that breakdown to the
aceessible part is not likely to occur.

Contact with circuits connected to Limit the accessibility and area of contact of
TELECOMMUNICATION NETWORKS that exceed such circuits, and separate them from unearthed
42,4V peak or 60 V d.c. parts to which access is not limited.

Breakdown of USER-accessible insulation. Insulation that is accessible to the USER
should have adequate mechanical and
electrical strength to reduce the likelihood of
contact with HAZARDOUS VOLTAGES.

TOUCH CURRENT (leakage~current) flowing Limit TOUCH CURRENT to a specified value, or
from parts at HAZARDOUS VOLTAGES to provide a high integrity protective earthing
accessible parts, or*failure of a protective connection.

earthing connectign: TOUCH CURRENT may

include current due to EMC filter

components( connected between PRIMARY

CIRCUITS and accessible parts.

0.2.2\_Energy related hazards

Injury or fire may result from a short-circuit between adjacent poles of high current supplies or
high capacitance circuits, causing:

— burns;
— arcing;

— ejection of molten metal.

Even circuits whose voltages are safe to touch may be hazardous in this respect.

Examples of measures to reduce risks include:

— separation;
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— shielding;
— provision of SAFETY INTERLOCKS.
0.2.3 Fire

Risk of fire may result from excessive temperatures either under normal operating conditions
or due to overload, component failure, insulation breakdown or loose connections. Fires

Uligilldtillg Witilill tilb cquipmcn‘l biluuiu' IIUt bplcdu‘ LJC)’UIIUI tilc illllllcu‘idtc Vibillity Uf “IC
source of the fire, nor cause damage to the surroundings of the equipment.

Examples of measures to reduce risks include:

— providing overcurrent protection;
— using constructional materials having appropriate flammability properties forctheir purpose;

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

— limiting the quantity of combustible materials used;
— shielding or separating combustible materials from likely ignitionssources;
— using ENCLOSURES or barriers to limit the spread of fire within)the equipment;

— using suitable materials for ENCLOSURES so as to redle¢e the likelihood of fire spreading
from the equipment.

0.2.4 Heat related hazards
Injury may result from high temperatures under-formal operating conditions, causing:

— burns due to contact with hot accessible parts;
— degradation of insulation and of safety-critical components;

— ignition of flammable liquids.
Examples of measures to reduce-risks include:

— taking steps to avoid_high temperature of accessible parts;
— avoiding temperatutes above the ignition point of liquids;

— provision of markings to warn USERS where access to hot parts is unavoidable.
0.2.5 Mechanical hazards
Injury may-result from:

— _sharp edges and corners;

~\.moving parts that have the potential to cause injury;

+
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— flying particles from imploding cathode ray tubes and exploding high pressure lamps.
Examples of measures to reduce risks include:

— rounding of sharp edges and corners;

guarding;

provision of SAFETY INTERLOCKS;

providing sufficient stability to free-standing equipment;
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— selecting cathode ray tubes and high pressure lamps that are resistant to implosion and
explosion respectively;

— provision of markings to warn USERS where access is unavoidable.
0.2.6 Radiation

Injury to USERS and to SERVICE PERSONS may result from some forms of radiation emitted by

Uquiplllcllt. E)\dlllpib‘b dl© bUIIib (dbuubtib), IduliU flb‘qub‘llby, illfld-lb‘d, uitlaviuict cllluI iUIIiLiIIg
radiation, and high intensity visible and coherent light (lasers).

Examples of measures to reduce risks include:

— limiting the energy level of potential radiation sources;
— screening radiation sources;
— provision of SAFETY INTERLOCKS;

— provision of markings to warn USERS where exposure to the_ (radiation hazard is
unavoidable.

0.2.7 Chemical hazards

Injury may result from contact with some chemicals or from-inhalation of their vapours and
fumes.

Examples of measures to reduce risks include:

— avoiding the use of constructional and consumable materials likely to cause injury by
contact or inhalation during intended and formal conditions of use;

— avoiding conditions likely to cause leakage or vaporization;

— provision of markings to warn USERS,about the hazards.
0.3 Materials and components

Materials and components used in the construction of equipment should be so selected and
arranged that they can bese€xpected to perform in a reliable manner for the anticipated life of
the equipment without “¢reating a hazard, and would not contribute significantly to the
development of a serious fire hazard. Components should be selected so that they remain
within their manufacturers' ratings under normal operating conditions, and do not create a
hazard under fault conditions.
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INFORMATION TECHNOLOGY EQUIPMENT -
SAFETY -
Part 1: General requirements
1 General
1.1 Scope

1.1.1 Equipment covered by this standard

This standard is applicable to mains-powered or battery-powered information technology
equipment, including electrical business equipment and associated equipment, with a RATED
VOLTAGE not exceeding 600 V.

This standard is also applicable to such information technology equipment:

— designed for use as telecommunication terminal equipfment and TELECOMMUNICATION
NETWORK infrastructure equipment, regardless of the source’ of power;

— designed and intended to be connected directly to, or used as infrastructure equipment in,
a CABLE DISTRIBUTION SYSTEM, regardless of the sodrce of power;

— designed to use the AC MAINS SUPPLY as a communication transmission medium (see
Clause 6, Note 4 and 7.1, Note 4).

This part of IEC 60950 is also applicable {o:

- components and subassemblies intended for incorporation in infermation-techneolegy this
equipment. H-is-not-expected-that Such components and subassemblies need not comply
with every aspeet requirement” of the standard, provided that the complete infermation
technolegy equipment, incorporating such components and subassemblies, does comply;

- external power supply nits intended to supply other equipment within the scope of this
part of IEC 60950;

- accessories intended to be used with equipment within the scope of this part of
IEC 60950.

NOTE 1 Examples of aspects with which uninstalled components, subassemblies and accessories may not
comply include the marking of the power rating and access to hazardous parts.

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

JThis standard specifies requirements intended to reduce risks of fire, electric shock or injury

for the OPERATOR and layman who may come into contact with the equipment and, where
specifically stated, for a SERVICE PERSON.

This standard is intended to reduce such risks with respect to installed equipment, whether it
consists of a system of interconnected units or independent units, subject to installing,
operating and maintaining the equipment in the manner prescribed by the manufacturer.

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

Specific example of generic type

banking equipment

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

data and text processing machines
and associated equipment

data preparation equipment, data processing equipment, data storage
equipment, personal computers, plotters, printers, scanners, text processing
equipment, visual display units

data network equipment

bridges, data circuit terminating equipment, data terminal equipment, routers

electrical and electronic retail
equipment

cash registers, point of sale terminals including associated electronic scales

electrical and electronic office
machines

calculators, copying machines, dictation equipment, document shredding
machines, duplicators, erasers, micrographic office equipment, motor-operated
files, paper trimmers (punchers, cutting machines, separators), paper jogging
machines, pencil sharpeners, staplers, typewriters

other information technology
equipment

photoprinting equipment, public information terminals, multintedia equipment

postage equipment

mail processing machines, postage machines

telecommunication network
infrastructure equipment

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

telecommunication terminal
equipment

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

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

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

Equipment complying with the relevant,requirements in this standard is considered suitable
for use with process control equipment, automatic test equipment and similar systems

requiring

information processing «facilities.

However, this standard does not include

requirements for performance or functional characteristics of equipment.

1.1.2 Additional requirements

Requirements additional‘te-those specified in this standard may be necessary for:

— equipment intended for operation in special environments (for example, extremes of
temperature; texcessive dust, moisture or vibration; flammable gases; and corrosive

or explosivesatmospheres);

— electromedical applications with physical connections to the patient;

— equipment intended to be used in vehicles, on board ships or aircraft, in tropical countries,
of. at altitudes greater than 2 000 m;

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

NOTE Attention is drawn to the fact that authorities of some countries impose additional requirements.

1.1.3 Exclusions

This standard does not apply to:

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

— building installation wiring;
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— devices requiring no electric power.
1.2 Definitions

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

Definiti in_alohabetical ord g
AREA, OPERATOR ACCESS ... ..o 1.2.71
AREA, SERVICE ACCESS .. ..o 1.272
210 ] 5 ) PP P PP, 1.2.7.5
CABLE, INTERCONNECTING ....uuieeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e nnnnnnnennnnnnnnnenee b 1.2.11.6
CABLE DISTRIBUTION SYSTEM ...t e 0 1.2.13.14
CHEESECLOTH .ot e e 1.2.13.15
CIRCUIT, ELV 1.utieee et e e e e e nnnnnnnnnnnnnnnnnnnnnnnns Poaennsnnnnnnnnnnns 1.2.8.7
CIRCUIT, LIMITED CURRENT ....ieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ek Dheenennnnennnnnnnns 1.2.8.9
CIRCUIT, PRIMARY ...t e 1.2.8.4
CIRCUIT, SECONDARY ... B 1.2.8.5
CIRCUIT, SELV ..ottt e e 1.2.8.8
(o3 =TT U B NV R S RO 1.2.8.11
CIRCUIT, TNV=T ittt e O e eeeneennennnnnes 1.2.8.12
CIRCUIT, TNV=2 ..ot e 1.2.8.13
CIRCUIT, TNV=3 ..o e e 1.2.8.14
CLEARANGCE ... e et e e e e eesesnennnnnnnnnes 1.2.10.1
CONDUCTOR, PROTECTIVE BONDING ... .. e st e e e e e eeeeee e e e ennnnnnnnnnes 1.2.13.11
CONDUCTOR, PROTECTIVE EARTHING ....eeeeeee e G e 1.2.13.10
CORD, DETACHABLE POWER SUPPLY ... s oot e e 1.2.5.5
CORD, NON-DETACHABLE POWER SUPPLY ...t iieieeeeeeeeeee e e e e e e e e e e nnns 1.2.5.6
CREEPAGE DISTANCE ...t 5 et neeesssesseseennnnnnnnnns 1.2.10.2
CURRENT, PROTECTIVE CONDUCTOR TN ...ttt e e 1.2.13.13
CURRENT, RATED «..eee e e e 1.2.1.3
CURRENT, TOUCH ..t e ey oo e e e e e e sssesssnessnennnsnnnnnnnns 1.2.13.12
CUT=0UT, THERMAL ...t e S s ee oo eeeee e e e e e e e sssssessenssnseennsnnnnnnnnnnnns 1.2.11.3
CUT-OUT, THERMAL, AUTOMATIC RESET ... 1.2.11.4
CUT-OUT, THERMAL, MANUAL RESET ... .o 1.2.11.5
EARTHING, FUNGCTIONAL ... .eteteteeeeeeeeeeeeeeeseeeeeeeeeeeee e e e eeneneeeeees 1.2.13.9
ENCLOSURE .« yx bttt e e e e e e e e e e e e e e e e e e aeeeees 1.2.6.1
ENCLOSURE, EEECTRICAL ...ttt e e e e eeeeees 1.2.6.4
ENCLOSURE, FIRE ...ttt e e e e e e e e eeaaaaeees 1.2.6.2
ENCLOSURE, MECHANICAL .....vvttteeeeeeeeeeeeeeeeeeeeee e eaeenennneeeees 1.2.6.3
ENERGY LEVEL, HAZARDOUS ......uutteeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseaeeeeaa e anennnneeeeees 1.2.8.10
EQUIPMENT, CLASS ..ttt e e e e e e e eaaaeees 1.2.4.1
| = O g g | ] ) I O o R R I 1242
EQUIPMENT, CLASS 1l 1.tttttteeeeeeeeeeeeeeeeeeeeeeeeee e nenennnnnneeeeees 1.2.4.3
EQUIPMENT, DIRECT PLUGHSIN ....tttttteeeeeeeseeeseeeeeeeeeeeeeeeeeeeeee e eeneneneeeees 1.2.3.6
EQUIPMENT FOR BUILDING=IN ...t aeeeees 1.2.3.5
EQUIPMENT, HAND=HELD ...ttt e e e eeaeees 1.2.3.2
EQUIPMENT, MOVABLE ....tttttetettteeseeeeeeeeseeeeeeeeeeeeeeeeeee e e e e e nnnennnneeeees 1.2.3.1
EQUIPMENT, PERMANENTLY CONNECTED ....0uutvveteeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneneees 1.2.5.4
EQUIPMENT, PLUGGABLE ...ttt e e e e aeeaeees 1.2.5.3
EQUIPMENT, PLUGGABLE, TYPE A ...ttt 1.2.5.1

EQUIPMENT, PLUGGABLE, TYPE B .o e 1.2.5.2
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EQUIPMENT, STATIONARY ....eetteeeeeeeeeeeseeseesseeeeeeeeeeeeeeeeeeeee e a e e e e e eennenneeeeees 1.2.3.4
EQUIPMENT, TRANSPORTABLE ...ttt eeaeees 1.2.3.3
FREQUENGCY, RATED ...ttt e e e e e e e aeeaeees 1.2.1.4
INSULATION, BASIC ..ot 1.2.9.2
INSULATION, DOUBLE .....ccoeieeeeeeee e 1.2.9.4
INSULATION, FUNCTIONAL ...ttt 1.2.9.1
INSULATION, REINFORCED 1.2.9.5
INSULATION, SOLID ..cceieeeeeeeeeee et 1.2.10.4
INSULATION, SUPPLEMENTARY ....coiiiiiiiiiieee e 1.2.9:3
INTERLOCK, SAFETY ..o 1.2.7.6
LIMIT, EXPLOSION ... e e e e e e e e aaeeeees 12.12.15
LIMITER, TEMPERATURE .....0uvteteeeeeeeeseseseeseseseeeeeeeeeeeeeeeeeeeeeeeeeeeaeeaaeesenensennnnnnnnnnnnnnnnnnnne o) 1.2.11.2
LOAD, NORMAL ...ttt sesennennnnnnnnnennennne e Y entenes 1.2.2.1
LOCATION, RESTRICTED ACCESS ...ttt (s 1.2.7.3
MATERIALS, FLAMMABILITY CLASSIFICATION ....uuuieeeeieee e 1.2.12.1
MATERIAL, SVA CLASS ...eveeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeeeee e gt eaaeaaaeeenens 1.2.12.5
MATERIAL, 5VB CLASS ....uvvtvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenneenneennnee e S5t eeeeeeeeeeeeeeeeeeens 1.2.12.6
MATERIAL, HBA0 CLASS ...ttt e 1.2.12.10
MATERIAL, HB75 CLASS ...ttt ot 1.2.12.11
MATERIAL, HBF CLASS FOAMED .....uvvvueeeeeeeeeeseeeeeeeeseeeneeneeeseeese ik eeeeeeeeeeeeeeeeeeeeeeeeeeeeneees 1.2.12.9
MATERIAL, HF=1 CLASS FOAMED .....evvvuveeeeeeeeeeeeeeeeeneeeneeeeeeenne s eeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeens 1.2.12.7
MATERIAL, HF=2 CLASS FOAMED .....evvvuveeeeeeeeeeeeeeeeeeeeeneeeeadonSetheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaenenees 1.2.12.8
MATERIAL, V-0 CLASS ...t e e 1.2.12.2
MATERIAL, V-1 CLASS ...ttt o e 1.2.12.3
MATERIAL, V=2 CLASS ..vvvvvvveeeeeeeeeeeeeneeeneesenennene e ey e eeae e eeeenaeeeeeeeees 1.2.12.4
MATERIAL, VTM=0 CLASS ...evvvveveeeeeeeeeeeeeeneesese S onmenneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeaaeeeneeeeeeenees 1.2.12.12
MATERIAL, VTM=T CLASS ...t fn i e neeeeeees 1.2.12.13
MATERIAL, VTM=2 CLASS ...ttt e s e e e eeeees 1.2.12.14
NETWORK, TELECOMMUNICATION ....u. 25t eeeeeeseeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeneeneeees 1.2.13.8
OPERATOR ...ttt et e e e e e e ettt snsnsnssnnnnnnnnnnnn 1.2.13.7
PART, DECORATIVE ... e e et e e e e e e e e aeaaeees 1.2.6.5
PERSON, SERVICE ... e e e e e e e e eeeeaes 1.2.13.5
RANGE, RATED FREQUEN YA 1t vvvtvvsteeteeeeeeseeeeeeeeeeeeeeeee e eaeanenneeeneeeees 1.2.1.5
RANGE, RATED VOLTAGE M-ttt vvvvteeeeeeeeeeeseeeeeeeeeeeee e e e neneeneneeeees 1.2.1.2
RATING, PROTECTIVE CURRENT ...ttt eneeees 1.2.13.17
SHREDDER (DOCBMENT/MEDIA, HOUSEHOLD AND HOME/OFFICE) ..... oveeeeeeeieiiiieeeeeeeee 1.2.13.18
SUPPLY, AC MAINS ...ttt ettt e e sssesssennnsnnsnnnnnnnnnnnnns 1.2.8.1
SUPPLY, DOMVIAINS ...t eeee e e e e e e e e e e e e sesssssessnsnnennsnnnnnnnnnns 1.2.8.2
SUPPLYSMAINS ..ot 1.2.8.3
SURFACE, BOUNDING ...t 1.2.10.3
=S S = Lo TU =S RRRRORRRRRRR 1.2.13.3
L= YN Y 1= NTc RO 1.2.13.2
TEST, TYPE oo T.2.13.1
THERMOSTAT -t 1.2.11.1
TIME, RATED OPERATING ... it ettt nnnnnnnes 1.2.2.2
TIME, RATED RESTING ...ttt et e e nnnnnnnes 1.2.2.3
TISSUE, WRAPPING ... oot 1.2.13.16
OO e 1.2.7.4
(U1 =1 = PPN 1.2.13.6
VOLTAGE, DC. .ottt ettt nnnne 1.2.13.4
VOLTAGE, HAZARDOUS ... ... 1.2.8.6

VOLTAGE, MAINS TRANSIENT ...ttt ettt e e e e e e e e et e et e e e e 1.2.9.10
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VOLTAGE, PEAK WORKING ...ttt e e e ettt 1.2.9.8
VOLTAGE, RATED ...ttt ettt e e et e e et ettt ettt 1.2.1.1
VOLTAGE, REQUIRED WITHSTAND ... etttttettee e e e et e e e et e e e et et e e e e 1.2.9.9
VOLTAGE, RMS WORKING . ...ttt e ettt 1.2.9.7
VOLTAGE, TELECOMMUNICATION NETWORK TRANSIENT ... .eeeteeeeeeeee e e e e e e 1.2.9.11
VOLTAGE, WORKING .. eeeteeeete e e et e e ettt 1.2.9.6

1.2.1 Equipment electrical ratings

1.2.11
RATED VOLTAGE

supply voltage—{fer-a-three-phase-Ac-MAINS-SUPRRLY,—the line-to-line—voltage)} from which the

equipment is to be operated as declared by the manufacturer

1.2.1.2

RATED VOLTAGE RANGE

supply voltage range as declared by the manufacturer, expressed by ts lower and upper
RATED VOLTAGES

1.2.1.3
RATED CURRENT
input current of the equipment as declared by the manufacturer

1.21.4
RATED FREQUENCY
supply frequency as declared by the manufacturer

1.21.5

RATED FREQUENCY RANGE

supply frequency range as declared by the. manufacturer, expressed by its lower and upper
RATED FREQUENCIES

1.2.2 Operating conditions

1.2.21

NORMAL LOAD

mode of operation, usedfor testing purposes, which represents as closely as possible the
most severe conditions.of normal use which can reasonably be expected

If the conditions, of actual use can reasonably be expected to be more severe than the
maximum load_¢oenditions recommended by the manufacturer, including RATED OPERATING TIME
and RATED RESTING TIME, a mode of operation is used that represents these more severe
conditions.

NOTE NORMAL LOAD conditions for some types of equipment are given in Annex L.
1.2:2.2

RATED OPERATING TIME
fMaximum operating time assigned to the equipment by the manufacturer

1.2.2.3

RATED RESTING TIME

minimum time, assigned by the manufacturer, during which the equipment is switched off or
running idle between periods of RATED OPERATING TIME

1.2.3 Equipment mobility

1.2.3.1
MOVABLE EQUIPMENT
equipment which is either:
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— 18 kg or less in mass and not fixed; or

— equipment with wheels, castors or other means to facilitate movement by the OPERATOR as
required to perform its intended use

1.2.3.2
HAND-HELD EQUIPMENT
MOVABLE EQUIPMENT, or a part of any kind of equipment, that is intended to be held in the hand

auring normal use

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

NOTE Examples include laptop and notebook personal computers, pen-based tablet computers, and-their portable
accessories such as printers and CD-ROM drives.

1.2.3.4
STATIONARY EQUIPMENT
equipment that is not MOVABLE EQUIPMENT

1.2.3.5
EQUIPMENT FOR BUILDING-IN
equipment intended to be installed in a prepared recess, such as in a wall, or similar situation

NOTE In general, EQUIPMENT FOR BUILDING-IN does not have an.ENCLOSURE on all sides, as some of the sides will
be protected after installation.

1.2.3.6

DIRECT PLUG-IN EQUIPMENT

equipment that is intended to be used without a power supply cord; the mains plug forms an
integral part of the equipment ENCLOSURE so that the weight of the equipment is taken by the
socket-outlet

1.2.4 Classes of equipment — Protection against electric shock

NOTE Some information technology equipment cannot be identified as conforming to one of the following classes.

1.2.41
CLASS | EQUIPMENT
equipment where protection against electric shock is achieved by

— using BASICINSULATION and

— providing-a means of connection to the PROTECTIVE EARTHING CONDUCTOR in the building
wiringthose conductive parts that are otherwise capable of assuming HAZARDOUS
VOLTAGES if the BASIC INSULATION fails

NOTE™ CLASS | EQUIPMENT may have parts with DOUBLE INSULATION or REINFORCED INSULATION.

12.4.2

CLASS IT EQUIPMENT

equipment in which protection against electric shock does not rely on BASIC INSULATION only,
but in which additional safety precautions, such as DOUBLE INSULATION or REINFORCED
INSULATION are provided, there being no reliance on protective earthing

1.2.4.3

CLASS Il EQUIPMENT

equipment in which protection against electric shock relies upon supply from SELV CIRCUITS
and in which HAZARDOUS VOLTAGES are not generated

NOTE For CLASS Il EQUIPMENT, although there is no requirement for protection against electric shock, all other
requirements of the standard apply.
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1.2.5 Connection to the supply

1.2.51

PLUGGABLE EQUIPMENT TYPE A

equipment that is intended for connection to a MAINS SUPPLY via a non-industrial plug and
socket-outlet or a non-industrial appliance coupler, or both

1252

PLUGGABLE EQUIPMENT TYPE B

equipment that is intended for connection to a MAINS SUPPLY via an industrial plug and socket-
outlet or an appliance coupler, or both, complying with IEC 60309 or with a comparabtle
national standard

1.2.5.3
PLUGGABLE EQUIPMENT
equipment that is either PLUGGABLE EQUIPMENT TYPE A Or PLUGGABLE EQUIPMENT-TYPE B

1.2.54

PERMANENTLY CONNECTED EQUIPMENT

equipment that is intended for connection to the building installation wiring using screw
terminals or other reliable means

1.2.5.5

DETACHABLE POWER SUPPLY CORD

flexible cord, for supply purposes, intended to be connected to the equipment by means of a
suitable appliance coupler

1.2.5.6
NON-DETACHABLE POWER SUPPLY CORD
flexible cord, for supply purposes, fixed to-or assembled with the equipment

Such a cord may be either:

Ordinary: a flexible cord that can beeasily replaced without special preparation of the cord or
special TOOLS; or

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

The term "specially prepared” includes provision of an integral cord guard, the use of cable
lugs, formation ofi\eyelets, etc., but not the reshaping of the conductor before introduction into
a terminal or thetwisting of a stranded conductor to consolidate the end.
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1.2.6 Enclosures

1.2.6.1

ENCLOSURE

part of the equipment providing one or more of the functions described in 1.2.6.2, 1.2.6.3 or
1.2.6.4

NOTE One type of ENCLOSURE can be inside another type (for example, an ELECTRICAL ENCLOSURE inside a FIRE

CNUCLUOURE Ul ' a TIRE ENULUOURE ;Ilb;dv dall CLEUTRICAL ENUVLUOURLE). A:DU, =} b;lly:c CNCLUOSURLT Carlil }JIUVidU thc
functions of more than one type (for example, the functions of both an ELECTRICAL ENCLOSURE and a FIRE
ENCLOSURE).

1.2.6.2
FIRE ENCLOSURE
part of the equipment intended to minimize the spread of fire or flames from within

1.2.6.3

MECHANICAL ENCLOSURE

part of the equipment intended to reduce the risk of injury due to mechanical and other
physical hazards

1.2.6.4

ELECTRICAL ENCLOSURE

part of the equipment intended to limit access to parts that may be at HAZARDOUS VOLTAGES or
HAZARDOUS ENERGY LEVELS or are in TNV CIRCUITS

1.2.6.5
DECORATIVE PART
part of the equipment, outside the ENCLOSURE, wWhich has no safety function

1.2.7 Accessibility

1.2.71

OPERATOR ACCESS AREA

part of the equipment to which,Sunder normal operating conditions, one of the following
applies:

— access can be gained without the use of a TooL;

— the means of access:is deliberately provided to the OPERATOR;

— the OPERATOR is instructed to enter regardless of whether or not a TOOL is needed to gain
access

The terms "access" and "accessible", unless qualified, relate to an OPERATOR ACCESS AREA as
defined aboyve.

1.2.7:2
SERVICE ACCESS AREA

part of the equipment, other than an OPERATOR ACCESS AREA, where it is necessary for
SERVICE PERSONS to have access even with the nqnipmnnf switched on

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

— access can only be gained by SERVICE PERSONS or by USERS who have been instructed
about the reasons for the restrictions applied to the location and about any precautions
that shall be taken; and

— access is through the use of a TOOL or lock and key, or other means of security, and is
controlled by the authority responsible for the location
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NOTE The requirements for equipment intended for installation in RESTRICTED ACCESS LOCATIONS are the same as
for OPERATOR ACCESS AREAS, except as given in 1.7.14, 2.1.3, 4.5.4, 4.6.2 and 5.1.7.

1.2.7.4

TOOL

screwdriver or any other object that may be used to operate a screw, latch or similar fixing
means

1.2.75

BODY

all accessible conductive parts, shafts of handles, knobs, grips and the like, and metal feilin
contact with all accessible surfaces of insulating material

1.2.7.6

SAFETY INTERLOCK

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

1.2.8 Circuits and circuit characteristics

1.2.8.1

AC MAINS SUPPLY

a.c. power distribution system external to the equipment forsupplying power to a.c. powered
equipment

These power sources include public or private utilities, and, unless otherwise specified in the
standard (for example, 1.4.5), equivalent sources “stch as motor-driven generators and
uninterruptible power supplies.

NOTE See Annex V for typical examples of a.c. power distribution systems.

1.2.8.2

DC MAINS SUPPLY

d.c. power distribution system, withCor without batteries, external to the equipment, for
supplying power to d.c. powered equipment, excluding the following:

— a d.c. supply providing power over TELECOMMUNICATION NETWORK wiring to remote
equipment;

— a limited power source“(see 2.5) whose open circuit voltage is less than or equal to
42,4V d.c.;

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

Circuitry copnected to a DC MAINS SUPPLY is considered to be a SECONDARY CIRCUIT (for
example, anSELV CIRCUIT, a TNV CIRCUIT or a HAZARDOUS VOLTAGE SECONDARY CIRCUIT) in the
meaning, 6f this standard.

NOTE\_See ITU-T Recommendation K.27 for bonding configurations and earthing inside a telecommunication
building.

1:2.8.3

MAINS SUPPLY
power distribution system that is either an AC MAINS SUPPLY or a DC MAINS SUPPLY

1.2.8.4
PRIMARY CIRCUIT
circuit that is directly connected to the AC MAINS SUPPLY

It includes, for example, the means for connection to the AC MAINS SUPPLY, the primary
windings of transformers, motors and other loading devices.

NOTE Conductive parts of an INTERCONNECTING CABLE may be part of a PRIMARY CIRCUIT as stated in 1.2.11.6.
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1.2.8.5

SECONDARY CIRCUIT

circuit that has no direct connection to a PRIMARY CIRCUIT and derives its power from a
transformer, converter or equivalent isolation device, or from a battery

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

1.2.8.6

HAZARDOUS VOLTAGE
voltage exceeding 42,4 V peak, or 60 V d.c., existing in a circuit that does not meet the
requirements for either a LIMITED CURRENT CIRCUIT or a TNV CIRCUIT

1.2.8.7

ELV CIRCUIT

SECONDARY CIRCUIT with voltages between any two conductors of the circuit, and béetween any
one such conductor and earth (see 1.4.9), not exceeding 42,4 V peak, or 60 d.c., under
normal operating conditions, which is separated from HAZARDOUS VOLTJAGE by BASIC
INSULATION, and which neither meets all of the requirements for an SELV €IRCUIT nor meets all
of the requirements for a LIMITED CURRENT CIRCUIT

1.2.8.8

SELV CIRCUIT

SECONDARY CIRCUIT that is so designed and protected that undéer normal operating conditions
and single fault conditions, its voltages do not exceed a safevalue

NOTE 1 The limit values of voltages under normal operating canditions and single fault conditions (see 1.4.14)
are specified in 2.2. See also Table 1A.

NOTE 2 This definition of an SELV CIRCUIT differs from the tefm "SELV system" as used in IEC 61140.

1.2.8.9

LIMITED CURRENT CIRCUIT

circuit that is so designed and protected)that, under both normal operating conditions and
single fault conditions, the current thatceanh be drawn is not hazardous

NOTE The limit values of currents under\normal operating conditions and single fault conditions (see 1.4.14) are
specified in 2.4.

1.2.8.10

HAZARDOUS ENERGY LEVEL

available power level of(240 VA or more, having a duration of 60 s or more, or a stored energy
level of 20 J or more((for example, from one or more capacitors), at a potential of 2 V or more

1.2.8.11

TNV CIRCUIT

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

A.TNV CIRCUIT is considered to be a SECONDARY CIRCUIT in the meaning of this standard.

TE 4
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1.4.14) are given in 2.3.1. Requirements regarding accessibility of TNV CIRCUITS are given in 2.1.1.1.
NOTE 2 Conductive parts of an INTERCONNECTING CABLE may be part of a TNV CIRCUIT as stated in 1.2.11.6.

TNV CIRCUITS are classified as TNV-1 CIRCUITS, TNV-2 CIRCUITS and TNV-3 CIRCUITS as defined in
1.2.8.12,1.2.8.13 and 1.2.8.14.

NOTE 3 The voltage relationships between SELV and TNV CIRCUITS are shown in Table 1A.
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Table 1A — Voltage ranges of SELV and TNV circuits

Normal operating voltages
Overvoltages from Overvoltages from Exceeding SELV CIRCUIT
TELECOMMUNICATION g Within SELV CIRCUIT 2ecing e
NETWORKS CABLE DISTRIBUTION limits limits but w!th_m
. SYSTEMS possible ? TNV CIRCUIT limits
possible?
Yeas Yeas TNVl CIRCLUIT TNV 3 CIRCLUIT
No Not applicable SELV CIRCUIT TNV-2 CIRCUIT
1.2.8.12
TNV-1 CIRCUIT
TNV CIRCUIT

— whose normal operating voltages do not exceed the limits for an SELV CIRCUIT under
normal operating conditions and

— on which overvoltages from TELECOMMUNICATION NETWORKS @afid CABLE DISTRIBUTION
SYSTEMS are possible

1.2.8.13
TNV-2 CIRCUIT
TNV CIRCUIT

— whose normal operating voltages exceed the limits for an SELV CIRCUIT under normal
operating conditions and

— which is not subject to overvoltages from TELECOMMUNICATION NETWORKS

1.2.8.14
TNV-3 CIRCUIT
TNV CIRCUIT

— whose normal operating voltages exceed the limits for an SELV CIRCUIT under normal
operating conditions and

— on which overvoltages:-from TELECOMMUNICATION NETWORKS and CABLE DISTRIBUTION
SYSTEMS are possible

1.2.9 Insulation

1.2.9.1
FUNCTIONAL INSULATION
insulation that is necessary only for the correct functioning of the equipment

NOTE( EUNCTIONAL INSULATION by definition does not protect against electric shock. It may, however, reduce the
likelihgod of ignition and fire.

1.2.9.2
—BASICAINSUAHON

insulation to provide basic protection against electric shock

1.2.9.3

SUPPLEMENTARY INSULATION

independent insulation applied in addition to BASIC INSULATION in order to reduce the risk of
electric shock in the event of a failure of the BASIC INSULATION

1.2.9.4
DOUBLE INSULATION
insulation comprising both BASIC INSULATION and SUPPLEMENTARY INSULATION
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1.2.9.5

REINFORCED INSULATION

single insulation system that provides a degree of protection against electric shock equivalent
to DOUBLE INSULATION under the conditions specified in this standard

NOTE The term "insulation system" does not imply that the insulation has to be in one homogeneous piece.
It may comprise several layers that cannot be tested as BASIC INSULATION and SUPPLEMENTARY INSULATION.

1.20¢€

LY T4

WORKING VOLTAGE
highest voltage to which the insulation or the component under consideration is, or can_be,
subjected when the equipment is operating under conditions of normal use

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

1.2.9.7
RMS WORKING VOLTAGE
r.m.s. value of a WORKING VOLTAGE, including any d.c. component

NOTE For the purpose of determining RMS WORKING VOLTAGES, the rules of 2.10.2.2\apply, and where relevant
those of 1.4.8.

1.2.9.8

PEAK WORKING VOLTAGE

peak value of a WORKING VOLTAGE, including any d.c. cemponent and any repetitive peak
impulses generated in the equipment

Where peak-to-peak ripple exceeds 10 % of the average value, the requirements related to
peak or a.c. voltages are applicable.

NOTE For the purpose of determining PEAK WORKING.MOLTAGES, the rules of 2.10.2.3 apply, and where relevant
those of 1.4.8.

1.2.9.9
REQUIRED WITHSTAND VOLTAGE
peak voltage that the insulation undér consideration is required to withstand

1.2.9.10

MAINS TRANSIENT VOLTAGE

highest peak voltage expected at the power input to the equipment, arising from external
transients on the MAINS:SUPPLY

1.2.9.11

TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE

highest peak yoltage expected at the TELECOMMUNICATION NETWORK connection point of the
equipment;\arising from external transients on the network

NOTE( The effect of transients from CABLE DISTRIBUTION SYSTEMS is not taken into account.

1.2)10 Properties of insulation

4 0

t2-10-1

CLEARANCE

shortest distance between two conductive parts, or between a conductive part and the
BOUNDING SURFACE of the equipment, measured through air

1.2.10.2

CREEPAGE DISTANCE

shortest path between two conductive parts, or between a conductive part and the BOUNDING
SURFACE of the equipment, measured along the surface of the insulation



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

60950-1 © IEC:2005+A1:2009 - 27 -
+A2:2013

1.2.10.3

BOUNDING SURFACE

outer surface of the ELECTRICAL ENCLOSURE, considered as though metal foil were pressed into
contact with accessible surfaces of insulating material

1.2.10.4
SOLID INSULATION

matarial that nravidac alactris
TGS 1eGthG

ot oot PoTroy

surface

NOTE The required properties of SOLID INSULATION are specified either as
— the actual minimum distance through the insulation (see 2.10.5.2), or by

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

1.2.11.1

THERMOSTAT

cycling temperature-sensing control intended to keep a temperature between two particular
values under normal operating conditions and that may have prowvision for setting by the
OPERATOR

1.2.11.2

TEMPERATURE LIMITER

temperature-sensing control intended to keep a temperature below or above one particular
value during normal operating conditions and that“\may have provision for setting by the
OPERATOR

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

1.2.11.3

THERMAL CUT-OUT

temperature-sensing control intended<to operate under abnormal operating conditions and
that has no provision for the OPERATOR to change the temperature setting

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

1.2.11.4

THERMAL CUT-OUT, AUTOMATIC RESET

THERMAL CUT-oUT thatyautomatically restores the current after the relevant part of the
equipment has cooled”down sufficiently

1.2.11.5

THERMAL CUT-OUT, MANUAL RESET

THERMAL‘GUT-0OUT that requires resetting by hand, or replacement of a part, in order to restore
the current

1.2)11.6
INTERCONNECTING CABLE

cable used to

— electrically connect an accessory to a unit of information technology equipment,

— interconnect units in a system, or

— connect a unit to a TELECOMMUNICATION NETWORK or to a CABLE DISTRIBUTION SYSTEM
Such a cable may carry any type of circuit from one unit to another.

NOTE A power supply cord for connection to the MAINS SUPPLY is not an INTERCONNECTING CABLE.
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1.2.12 Flammability

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

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

NOTE 1 When applying the requirements in this standard, HF-1 CLASS FOAMED MATERIAL is regarded as better than
HF-2 CLASS, and HF-2 CLASS better than HBF CLASS.

NOTE 2 Similarly, material of 5VA CLASS is regarded as better than 5VB CLASS, 5VB CLASS better than Vv-0-CLASS,
V-0 CLASS better than v-1 CLASS, V-1 CLASS better than v-2 CLASS, V-2 CLASS better than HB40 CLASS and
HB40 CLASS better than HB75 CLASS.

NOTE 3 Similarly, MATERIAL of VTM-0 CLASS is regarded as better than VTM-1 CLASS and VTM-1 CLASS better than
VTM-2 CLASS.

NOTE 4 VTM-0 CLASS, VTM-1 CLASS and VTM-2 CLASS MATERIALS are considered to be equivalent to v-0 CLASS,
V-1 CLASS and V-2 CLASS MATERIALS, respectively, but only for their flammability properties. Their electrical and
mechanical properties are not necessarily equivalent.

NOTE 5 Certain flammability classes have replaced the classes used in earlier editions of this standard. The
equivalence of the old and the new classes is shown in Table 1B.

Table 1B — Equivalence of flammability.classes

Old class New class Equivalence
_ 5VA 5VA is not required in this standard.
(1.2.12.5)
5v 5VB Materials that pass the tests for class 5V in Clause A.9 of earlier editions
(1.2.12.6) of this standard are<quivalent to 5VB or better.
HB40 Samples of matémnials in a thickness of 3 mm that pass the tests of
(1.2.12.10) Clause A.8 in«earlier editions of this standard (maximum burning rate
40 mm/min during test) are equivalent to HB40.
HB
HB75 Samples’of materials in a thickness of less than 3 mm that pass the tests
(1.2.12.11) of Clause A.8 in earlier editions of this standard (maximum burning rate
75 mm/min during test) are equivalent to HB75.
1.2.12.2

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

1.2.12.3

V-1 CLASS.MATERIAL

materidl/tested in the thinnest significant thickness used and classified v-1 according to
IEC60695-11-10

1.2.12.4

—V~2-CEASS-MATERIAL
material tested in the thinnest significant thickness used and classified v-2 according to
IEC 60695-11-10

1.2.12.5

5VA CLASS MATERIAL

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

1.2.12.6
5VB CLASS MATERIAL
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material tested in the thinnest significant thickness used and classified 5vB according to
IEC 60695-11-20

1.2.12.7

HF-1 CLASS FOAMED MATERIAL

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

1.2.12.8

HF-2 CLASS FOAMED MATERIAL

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

1.2.12.9

HBF CLASS FOAMED MATERIAL

foamed material tested in the thinnest significant thickness used and classjfied HBF according
to ISO 9772

1.2.12.10

HB40 CLASS MATERIAL

material tested in the thinnest significant thickness used and-.¢lassified HB40 according to
IEC 60695-11-10

1.2.12.11

HB75 CLASS MATERIAL

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

1.2.12.12

VTM-0 CLASS MATERIAL

material tested in the thinnest significant thickness used and classified vTM-0 according to
ISO 9773

1.2.12.13

VTM-1 CLASS MATERIAL

material tested in the thinnest significant thickness used and classified vTM-1 according to
ISO 9773

1.2.12.14

VTM-2 CLASS MATERIAL

material tested”in the thinnest significant thickness used and classified vTM-2 according to
ISO 9773

1.2.12.15
EXPLOSION LIMIT

lowest concentration of a combustible material in a mixture containing any of the following:
gases_vapours mists or dusts_in which a flame is able to praopagate after remaoval of the

ignition source

1.2.13 Miscellaneous

1.2.13.1

TYPE TEST

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

1.2.13.2
SAMPLING TEST
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test on a number of samples taken at random from a batch

1.2.13.3

ROUTINE TEST

test to which each individual sample is subjected during or after manufacture to check if the
sample complies with certain criteria

T.2.134

DC VOLTAGE

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

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

1.2.13.5

SERVICE PERSON

person having appropriate technical training and experience necessary to be aware of
hazards to which that person may be exposed in performing a task™and of measures to
minimize the risks to that person or other persons

1.2.13.6
USER
any person, other than a SERVICE PERSON

The term USER in this standard is the same as the tetm OPERATOR and the two terms can be
interchanged.

1.2.13.7
OPERATOR
see USER (1.2.13.6)

1.2.13.8

TELECOMMUNICATION NETWORK

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

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

— CABLE DISTRIBUTION SYSTEMS;

— SELV CIRCUITS connecting units of information technology equipment

NOTE 1 The term TELECOMMUNICATION NETWORK is defined in terms of its functionality, not its electrical
characteristiecs. A TELECOMMUNICATION NETWORK is not itself defined as being either an SELV CIRCUIT or a TNV
CIRCUIT..OQnly the circuits in the equipment are so classified.

NOTE.2“ A TELECOMMUNICATION NETWORK may be:
~\_publicly or privately owned;

=~ subject to transient overvoltages due to atmospheric discharges and faults in power distribution systems;

— subject to longitudinal (common mode) voltages induced from nearby power lines or electric traction lines.

NOTE 3 Examples of TELECOMMUNICATION NETWORKS are:
— a public switched telephone network;

— a public data network;

— an Integrated Services Digital Network (ISDN);

— a private network with electrical interface characteristics similar to the above.
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1.2.13.9

FUNCTIONAL EARTHING

earthing of a point in equipment or in a system, which is necessary for a purpose other than
safety

1.2.13.10
PROTECTIVE EARTHING CONDUCTOR
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NOTE In some countries, the term "grounding conductor" is used instead of "PROTECTIVE EARTHING CONDUCTOR";

1.2.13.11

PROTECTIVE BONDING CONDUCTOR

conductor in the equipment, or a combination of conductive parts in the “equipment,
connecting a main protective earthing terminal to a part of the equipment that is required to
be earthed for safety purposes

1.2.13.12
TOUCH CURRENT
electric current through a human body when it touches one or more ‘accessible parts

NOTE TOUCH CURRENT was previously included in the term "leakage current?:

1.2.13.13

PROTECTIVE CONDUCTOR CURRENT

current flowing through the PROTECTIVE EARTHING\*CONDUCTOR under normal operating
conditions

NOTE PROTECTIVE CONDUCTOR CURRENT was previously.included in the term "leakage current".

1.2.13.14

CABLE DISTRIBUTION SYSTEM

metallically terminated transmission.¢medium using coaxial cable, mainly intended for
transmission of video and/or audio‘signals between separate buildings or between outdoor
antennas and buildings, excluding:

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

— TELECOMMUNICATION.NETWORKS;

— SELV CIRCUITS connecting units of information technology equipment

NOTE 1 Examples)of CABLE DISTRIBUTION SYSTEMS are:

— local area ‘eable networks, community antenna television systems and master antenna television systems
providing.video and audio signal distribution;

— outdedr antennas including satellite dishes, receiving antennas, and other similar devices.

NOTEYZ2 CABLE DISTRIBUTION SYSTEMS may be subjected to greater transients than TELECOMMUNICATION NETWORKS
(see7.4.1).

—4.213-15

CHEESECLOTH
bleached cotton cloth of approximately 40 g/m?2

1.2.13.16
WRAPPING TISSUE

soft and strong, lightweight wrapping paper of grammage generally between 12 g/m2 and
30 g/m2, primarily intended for protective packaging of delicate articles and for gift wrapping

[ISO 4046-4:2002, definition 4.215]
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1.2.13.17

PROTECTIVE CURRENT RATING

rating of an overcurrent protective device that is known or assumed to be in place to protect a
circuit

NOTE Rules to determine the value of the PROTECTIVE CURRENT RATING are in 2.6.3.3.

1.2.13.18

(HOUSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA) SHREDDER

equipment with a plug configuration associated with PLUGGABLE EQUIPMENT TYPE A, or battery
operated equipment, designed to shred paper or other forms of media as instructed by [tire
manufacturer

NOTE 1 Examples of other forms of media include but are not limited to digital video disks, compact™disks, flash
memory, magnetic strip cards, or magnetic disks, or the like.

NOTE 2 HOUSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDERS are typically identified as.eith€r strip-cut type
or cross-cut type. A strip-cut HOUSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDER shredsiifie paper into long
strips using a motor-based shredding mechanism. A cross-cut DOCUMENT/MEDIA SHREDDER\shreds paper two or
more ways into tiny particles, typically using a more powerful motor and more complex shredding mechanism.

NOTE 3 A document/media shredder is considered to be non-household orerden-home/office type if the
document/media shredder is provided with a plug configuration associated with PLUGGABLE EQUIPMENT TYPE B, or is
PERMANENTLY CONNECTED EQUIPMENT.

1.3 General requirements
1.3.1 Application of requirements

The requirements detailed in this standard shall be applied only if safety is involved.

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

1.3.2 Equipment design and construction

Equipment shall be so designed and-constructed that, under all conditions of normal use and
under likely abnormal use or single fault conditions (see 1.4.14), protection is provided to
reduce the risk of personal injury from electric shock and other hazards, and against spread
of fire originating in the equipment.

Compliance is checked by inspection and by the relevant tests.

1.3.3 Supply voltage

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

Compliance is checked by inspection and by carrying out the relevant tests of this standard
using a supply voltage as specified in the corresponding subclause. If the subclause does not
specify the supply voltage (explicitly or by reference to 1.4. 5) then the value of the RATED
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v
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1.3.4 Constructions not specifically covered

Where the equipment involves technologies and materials or methods of construction not
specifically covered in this standard, the equipment shall provide a level of safety not less
than that generally afforded by this standard and the principles of safety contained herein.

NOTE The need for additional detailed requirements to cope with a new situation should be brought promptly to
the attention of the appropriate committee.
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1.3.5 Equivalent materials
Where the standard specifies a particular grade of insulation, the use of a better grade of

insulation is permitted. Similarly, where the standard requires material of a particular
FLAMMABILITY CLASS, the use of a better class is permitted.

1.3.6 Orientation during transport and use

Where it is clear that the orientation of the equipment is likely to have a significant effect on
the application of the requirements or the results of tests, all orientations of use permitted-in
the installation or operating instructions shall be taken into account. For TRANSPORTABLE
EQUIPMENT, all orientations of transport and use shall be taken into account.

NOTE The above may apply to 4.1, 4.2, 4.3.8, 4.5, 4.6 and 5.3.

1.3.7 Choice of criteria

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

1.3.8 Examples mentioned in the standard
Where examples of equipment, parts, methods of construction, design techniques and faults

are given in the standard, prefaced by "for example" or "such as", other examples, situations
and solutions are not excluded.

1.3.9 Conductive liquids

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

1.4 General conditions for tests
1.4.1 Application of tests

The tests detailed in this standard shall be conducted only if safety is involved.

If it is evident from the design and construction of the equipment that a particular test is not
applicable, the test is~not made.

Unless otherwise-stated, upon conclusion of the tests, the equipment need not be operational.

1.4.2 Type.tests

Except\where otherwise stated, the tests specified in this standard are TYPE TESTS.

1.4:3 Test samples

Unless otherwise specified, the sample or samples under test shall be representative of
the equipment the USER would receive, or shall be the actual equipment ready for shipment to
the USER.

As an alternative to carrying out tests on the complete equipment, tests may be conducted
separately on circuits, components or subassemblies outside the equipment, provided that
inspection of the equipment and circuit arrangements indicates that the results of such testing
will be representative of the results of testing the assembled equipment. If any such test
indicates a likelihood of non-conformance in the complete equipment, the test shall be
repeated in the equipment.
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If a test specified in this standard could be destructive, it is permitted to use a model to
represent the condition to be evaluated.

NOTE 1 The tests should be conducted in the following order:
— component or material pre-selection;
— component or subassembly bench tests;

— tests where the equipment is not energized;

— live tests:
» under normal operating conditions;
» under abnormal operating conditions;

* involving likely destruction.

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

1.4.4 Operating parameters for tests

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

— supply voltage (see 1.4.5);

— supply frequency (see 1.4.6);

— operating temperature (see 1.4.12);

— physical location of equipment and position-of movable parts;
— operating mode;

— adjustment of THERMOSTATS, regulating devices or similar controls in OPERATOR ACCESS
AREAS, which are:

« adjustable without the use.afia TOOL; or

« adjustable using a means, such as a key or a ToOL, deliberately provided for the
OPERATOR.

1.4.5 Supply voltage for tests

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

— multiple\RATED VOLTAGES;
— tofterances on RATED VOLTAGE as specified below;

—¢~ extremes of RATED VOLTAGE RANGES.

If the equipment is intended for direct connection to an AC MAINS suPPIY _the tolerances on

RATED VOLTAGE shall be taken as +6 % and —10 %, unless:

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

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

If the equipment is intended only for connection to an a.c. mains equivalent source, such as a
motor-driven generator or an uninterruptible power supply (see 1.2.8.1), or a source other
than a MAINS SUPPLY, the tolerances on RATED VOLTAGE shall be declared by the manufacturer.
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If equipment is intended for connection to a DC MAINS SUPPLY, the tolerance shall be taken as
+20 % and —15 %, unless declared otherwise by the manufacturer.

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

1.4.6 Supply frequency for tests

In determining the most unfavourable frequency for the power to energize the EUT, different
RATED FREQUENCIES within the RATED FREQUENCY RANGE shall be taken into account (for
example, 50 Hz and 60 Hz) but consideration of the tolerance on a RATED FREQUENCY
(for example, 50 Hz + 0,5 Hz) is not normally necessary.

1.4.7 Electrical measuring instruments

Electrical measuring instruments shall have adequate bandwidth to provide accurate
readings, taking into account all components (d.c., AC MAINS SUPPLY frequenaey, high frequency
and harmonic content) of the parameter being measured. If the r.m.s. value is measured, care
shall be taken that measuring instruments give true r.m.s. readings of non-sinusoidal
waveforms as well as sinusoidal waveforms.

1.4.8 Normal operating voltages
For the purposes of:

— determining WORKING VOLTAGES (see 1.2.9.6); and

— classifying circuits in the equipment as ELV €IRCUITS, SELV CIRCUITS, TNV-1 CIRCUITS, TNV-2
CIRCUITS, TNV-3 CIRCUITS, or HAZARDOUS VOLTAGE circuits;

the following voltages shall be considered:

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

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

For these purposes,. unwanted, externally generated, non-repetitive transient voltages
(for example, MAINS~ TRANSIENT VOLTAGES and TELECOMMUNICATION NETWORK TRANSIENT
VOLTAGES) induced. by power distribution system switching and lightning surges, shall not be
considered:

— when deéetermining WORKING VOLTAGES, because such transients have been taken into
account.:in the procedures for determining minimum CLEARANCES (see 2.10.3 and
Annex'G);

— «when classifying circuits in the equipment, except when distinguishing between SELV
CIRCUITS and TNV-1 CIRCUITS and between TNV-2 CIRCUITS and TNV-3 CIRCUITS (see 1.2.8.11,
Table 1A).

NOTE 1 The effects of unwanted steady-state voltages generated outside the equipment (for example, earth
potential differences and voltages induced on TELECOMMUNICATION NETWORKS by electric train systems) are
controlled by installation practices or by appropriate isolation in the equipment. Such measures are application
dependent and are not dealt with by this standard.

NOTE 2 In Canada and the United States, additional requirements apply for protection against overvoltages (see
Clause 6 Note 5).

1.4.9 Measurement of voltage to earth

Where the standard specifies a voltage between a conductive part and earth, all of the
following earthed parts are considered:
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— the main protective earthing terminal (if any); and

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

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

Parts that will be earthed in the application by connection to other equipment, but are

unearthed in the pnlllilnmpnt as tested shall be connected to earth at the pnint hy which the

highest voltage is obtained. When measuring a voltage between earth and a conductor in a
circuit that will not be earthed in the intended application of the equipment, a non-inductive
resistor of 5 000 Q + 10 % shall be connected across the voltage measuring instrument.

Voltage drop in the PROTECTIVE EARTHING CONDUCTOR of the power supply cordy of in an
earthed conductor in other external wiring, is not included in the measurements.

1.4.10 Loading configuration of the EUT

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

— loads due to optional features, offered or provided by the-manufacturer for inclusion in or
with the EUT;

— loads due to other units of equipment intended by the manufacturer to draw power from
the EUT;

— loads that could be connected to any standard_supply outlets in OPERATOR ACCESS AREAS
on the equipment, up to the value indicated-in’ the marking required by 1.7.5.

It is permitted to use artificial loads to simulate such loads during testing.

1.4.11 Power from a telecommunication network

For the purpose of this standard,the power available from a TELECOMMUNICATION NETWORK is
considered to be limited to 15 VA!

1.4.12 Temperature measurement conditions
1.4.121 General

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

T is\the temperature of the given part measured under the prescribed test conditions;
Tmax is the maximum temperature specified for compliance with the test;

T

Grd is the ambient temperature during test;

T g is the maximum ambient temperature permitted by the manufacturer's specification,

or 25 °C, whichever is greater.

1.4.12.2 Temperature dependent equipment

For equipment where the amount of heating or cooling is designed to be dependent on
temperature (for example, the equipment contains a fan that has a higher speed at a higher
temperature), the temperature measurement is made at the least favourable ambient
temperature within the manufacturer's specified operating range. In this case:

T shall not exceed T,4,-
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NOTE 1 In order to find the highest value of T for each component, it may be necessary to conduct several tests
at different values of T,p.

NOTE 2 The least favourable value of T,,, may be different for different components.

1.4.12.3 Non-temperature dependent equipment

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

dllllL);Ullt tclllpwatwc, It ;b pcllll;ttcd tU ustc thC |||cti|uu' ill 14122 Aitclllativciy, tiIC tbbt ;D
performed at any value of T,,, within the manufacturer's specified operating range. In this
case:

T shall not exceed (Thax ¥ Tamb — Tma)-
During the test, T,,, should not exceed T,,, unless agreed by all parties involved.

1.4.13 Temperature measurement methods

Unless a particular method is specified, the temperatures of windifigs shall be determined
either by the thermocouple method or by the resistance method (see Annex E). The
temperatures of parts other than windings shall be determined ‘by the thermocouple method.
Any other suitable method of temperature measurement which-does not noticeably influence
the thermal balance and which achieves an accuracy sufficient to show compliance is also
permitted. The choice of and position of temperature sensors shall be made so that they have
minimum effect on the temperature of the part under test:

1.4.14 Simulated faults and abnormal conditions

Where it is required to apply simulated faults or'abnormal operating conditions, these shall be
applied in turn and one at a time. Faults that are the direct consequence of a simulated fault
or abnormal operating condition are considered to be part of that simulated fault or abnormal
operating condition.

When applying simulated faults of“abnormal operating conditions, parts, supplies, consumable
materials, media and recording ‘materials shall be in place if they are likely to have an effect
on the outcome of the test:

Where there is a speeific reference to a single fault, the single fault consists of a single failure
of any insulation (excluding DOUBLE INSULATION or REINFORCED INSULATION) or a single failure
of any component\(excluding components with DOUBLE INSULATION Or REINFORCED INSULATION).
The failure of FUNCTIONAL INSULATION is simulated only when required by 5.3.4 c).

The equipment, circuit diagrams and component specifications are examined to determine
thoseAfault conditions that might reasonably be expected to occur. Examples include:

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

=~ faults causing continuous dissipation in resistors designed for intermittent dissipation;

— internal faults in integrated circuits causing excessive dissipation;
— failure of BASIC INSULATION between current-carrying parts of the PRIMARY CIRCUIT and
« accessible conductive parts;
« earthed conductive screens (see Clause C.2);
e parts of SELV CIRCUITS;
o parts of LIMITED CURRENT CIRCUITS.
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1.4.15 Compliance by inspection of relevant data

Where in this standard compliance of materials, components or subassemblies is checked by
inspection or by testing of properties, it is permitted to confirm compliance by reviewing any
relevant data or previous test results that are available instead of carrying out the specified
TYPE TESTS.

~ 15 Components

1.5.1 General

Where safety is involved, components shall comply—either with the requirements of this
standard or, where specified in a requirements clause, with the safety aspects of the‘televant
IEC component standards.

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

Components and subassemblies that comply with |[EC 62368-1Care acceptable as part of an
equipment covered by this standard without further evaluation~Qther than to give consideration
to the appropriate use of the component or subassembly in.the“end-product.

1.5.2 Evaluation and testing of components

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

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

— a component that has been demonstrated to comply with a standard harmonized with the
relevant IEC component standard shall be-checked forcorrectapplication—and-use—in
accordance-with-itsrating—~l-shal-be subjected to the applicable tests of this standard, as

part of the equipment,*with the exception of those tests that are part of the relevant IEC
component standard;

— acomponent that has not been demonstrated to comply with a relevant standard as above

‘ chell o subjected to the appllcable tests of th|s standard as part of the equlpment and to
the applicable tests of the component standard, under the conditions occurring in the
equipment;

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

| <\Jwhen—no—relevantlEC—component-standard—exists;—or where components are used in

circuits not in accordance with their specified ratings, the components shall be tested

under the conditions occurring in the equipment. The number of samples required for test
is, in general, the same as required by an equivalent standard.

‘ Compliance is checked by inspection and by the relevant data or tests.

1.5.3 Thermal controls

Thermal controls shall be tested in accordance with Annex K.
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1.5.4 Transformers

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

1.5.5 Interconnecting cables

INTERCONNECTING CABLES provided as part of the equipment shall comply with the relevant

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

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

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

1.5.6 Capacitors bridging insulation

A capacitor connected between two line conductors in a PRIMARY CIRCUIT, or between one line
conductor and the neutral conductor or between the PRIMARY(CIRCUIT and protective earth
shall comply with one of the subclasses of IEC 60384-14 and-shall be used in accordance
with its rating. This requirement also applies to a capacitob bridging DOUBLE INSULATION or
REINFORCED INSULATION elsewhere in the equipment. The-details of the damp heat, steady
state test as specified in 4.12 of IEC 60384-14 shall b€ as follows:

— Temperature: 40 °C = 2 °C;
— Humidity: (93-% % 3 )% relative humidity;
— Test duration: 21 days.

NOTE 1 Capacitors that have been subjected tona test duration longer than 21 days are considered to have met
the test duration criteria.

The above requirement does ndt* apply to a capacitor connected between a HAZARDOUS
VOLTAGE SECONDARY CIRCUIT and“protective earth, where only BASIC INSULATION is required.

NOTE 2 The test of 5.2.2 still applies between the HAZARDOUS VOLTAGE SECONDARY CIRCUIT and protective earth.

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

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

TYPE TEST TYPE TEST r.m.s
_ RATED VOLTAGE of the impulse voltage of the voltage of the
Capacitor subclass capacitor capacitor capacitor
according to
IEC 60384-14 Vr.m.s. kV peak kV r.m.s
Y1 Up to and including 500 8 4
Y2 Over 150 up to and 5 1,5
including 300
Y4 Up to and including 150 2,5 0,9
X1 Up to and including 760 4a -
X2 Up to and including 760 2,5a -
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Rules for the application of Table 1C

1

Capacitors used to bridge BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED INSULATION shall be
class Y except that it is permitted to bridge BASIC INSULATION in a SECONDARY CIRCUIT by a class X capacitor.

For a single capacitor bridging FUNCTIONAL INSULATION, BASIC INSULATION, SUPPLEMENTARY INSULATION or
REINFORCED INSULATION, the voltage rating of the single capacitor shall be at least equal to the RMS WORKING
VOLTAGE across the insulation being bridged, determined according to 2.10.2.2.

For a single capacitor bridging functional insulation, basic insulation or supplementary insulation,

— e TYPE TEST IMPUISE €St voitage of the SMgfe capacitor shait be not 1855 than (e peak varue of the 1est
voltage (not the r.m.s. voltage) of Table 5B for BASIC INSULATION, or the peak value of the test voltage of Table
5C for BASIC INSULATION, as applicable;

— the TYPE TEST r.m.s. voltages of the single capacitor shall be not less than the required r.m.s. test voltage’ of
Table 5B for BASIC INSULATION, or the equivalent r.m.s. test voltage (not the peak voltage) of Table BC for
BASIC INSULATION, as applicable.

4 For a single capacitor bridging DOUBLE INSULATION or REINFORCED INSULATION,

— the TYPE TEST impulse voltage of the single capacitor shall be not less than the peak value ofjthe test voltage
(not the r.m.s. voltage) of Table 5B for REINFORCED INSULATION, or the peak value of the ‘te$t voltage of Table
5C for REINFORCED INSULATION, as applicable;

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

It is permitted to use a higher grade capacitor than the one specified, as follows:

—subclass Y1 if subclass Y2 is specified;

—subclass Y1 or Y2 if subclass Y4 is specified;

—subclass Y1 or Y2 if subclass X1 is specified;

—subclass X1, Y1 or Y2 if subclass X2 is specified.

It is permitted to use two or more capacitors in series in place of the single capacitor specified, as follows:
—subclass Y1 or Y2 if subclass Y1 is specified;

—subclass Y2 or Y4 if subclass Y2 is specified;

—subclass X1 or X2 if subclass X1 is specified.

If two or more capacitors are used in series, all of\the following apply:

— under single fault conditions, the voltage on“each of the remaining individual capacitors shall not exceed the
voltage rating of the relevant individual capacitor;

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

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

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

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

— thewshall comply with the other rules above.

a Fon.capacitance values of more than 1 pF, this test voltage is reduced by a factor equal to\/E, where C is the

capacitance value in pF.

Table 1D gives a number of informative examples of the application of capacitors selected in
accordance with Table 1C. Other examples are possible.
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Table 1D - Informative examples of application of capacitors
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AC MAINS
SUPPLY
MAINS Number of capacitors
voltage TRANSIENT . .
Overvoltage Bridged Capacitor
up to and Category VOLTAGE insulation type . .
including KV Using Table | Using Table
5B 5C
V r.m.s.
11 1,9 B oro YZ 1 1
I 1,5 DorR Y2 2 2 '\(b
I 15| DorR Y1 1 1(1;"1,
I 1,5 F X2 1 .
1
I 2,5 F X2 - O
150 m 2,5 BorsS Y2 - (]/v 2
I 2,5 D or R Y1 - ho 1
IV 4,0 F X1 S 1
v 40| Bors Y1 bg\- 1
IV 40| Bors v2  N©Y - 2
Q _
\Y 4,0 D or R Y14 2
I 25 F r§9 1 1
250 I 4,0 F e )‘3(1 - 1
I 25| Bors & v2 1 2
: s\\J
I 2,5 D&'Z ) Y1 1 1
I 2,5 R Y2 2 3
I 4,0 Q? s Y1 1
s \:\\ or -
1l o) Bors Y2 - 2
300 A\
I ZX) D or R Y1 - 2
o
1 Q40 D or R Y2 - 4
IV R 6,0 F X1 - 2
\Y @) 6,0 BorS Y1 - 2
IV, (.\‘17 6,0 DorR Y1 - 3
N 40 F X1 1 1
\’ -l 4,0 BorS Y1 1 1
N 40| DorR Y1 1 2
@) 1 6,0 F X1 - 2
5@2_® 1l 6,0 BorS Y1 - 2
SO 1 6,0 D or R Y1 - 3
¢ O \Y 8,0 F X1 - 2
\,(/ IV 8,0 BorS Y1 - 2
\Y 8,0 D or R Y1 - 3
The values in the table apply to FUNCTIONAL INSULATION (F), BASIC INSULATION (B), SUPPLEMENTARY
INSULATION (S), DOUBLE INSULATION (D) and REINFORCED INSULATION (R).
OTE Table 5B is used for Overvoltage Categories | and Il only.
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If an accessible conductive part or circuit is separated from another part by DOUBLE
INSULATION or REINFORCED INSULATION that is bridged by a capacitor or capacitors, the
accessible part or circuit shall comply with the requirements for a LIMITED CURRENT CIRCUIT in
2.4. This requirement applies after electric strength testing of the insulation with the bridging
capacitor or capacitors in place.

NOTE 3 A circuit is a LIMITED CURRENT CIRCUIT if the current through the bridging components complies with 2.4
and other requirements of 2.4 are met.

Compliance is checked by inspection and measurement.

1.5.7 Resistors bridging insulation

1.5.7.1 Resistors bridging functional insulation, basic insulation or supplementary
insulation

There are no special requirements for resistors bridging FUNCTIONAL INSULATION, BASIC
INSULATION oOr SUPPLEMENTARY INSULATION, but the relevant requirements of 2.10.3 (or
Annex G) and 2.10.4 apply, and in some cases those of 2.4.

NOTE In Finland, Norway and Sweden resistors bridging BASIC INSULATION in CLASS | PLUGGABLE EQUIPMENT TYPE
A must comply with therequirementsin4-5-72 1.5.7.1. In addition when a single resistor is used, the resistor must
withstand the resistor test in 1.5.7.2.

1.5.7.2 Resistors bridging double insulation or reinforced insulation between the a.c.
mains supply and other circuits

It is permitted to bridge DOUBLE INSULATION or REINEORCED INSULATION by one resistor or by a
group of two or more resistors in series undefJthe following conditions. For conditions
applicable to circuits connected to an antenna,er{coaxial cable, see 1.5.7.3.

The resistor or group of resistors shall comply with the minimum CLEARANCES of 2.10.3 or
Annex G and the minimum CREEPAGE DISTANCES of 2.10.4 for REINFORCED INSULATION for the
total WORKING VOLTAGE across the resistor or group of resistors. For a group of resistors, see
also Figure F.13.

If a single resistor is used, it shall pass the resistor test below.

If a group of resistors. is;Used, the CLEARANCE and CREEPAGE DISTANCES are assessed as if
each resistor were short-circuited in turn, unless the group passes the resistor test below.

If an accessibles'conductive part or circuit is separated from another part by DOUBLE
INSULATION OF‘\REINFORCED INSULATION that is bridged by a resistor or group of resistors, the
accessible, pafrt or circuit shall comply with the requirements for a LIMITED CURRENT CIRCUIT in
2.4 between the accessible conductive part or circuit and earth. If a group of resistors is used,
the curfent measurement in 2.4.2 is made with each resistor short-circuited in turn, unless the
group passes the reS|stor test below Ihs—ewm#ﬁ—ts—measwed—aﬂe#eteetpes#ength—testmg

- When measuring the
{JMITED CURRENT CIRCUIT, the ammeter is placed between the load side of the bridging

COIMPONENtS and any USER acCessibte part, mctuding eartiT:

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

Resistor Test

Before the test, the resistance of each sample is measured.
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The samples are subjected to the damp heat test according to IEC 60068-2-78, with the
following details:

— Temperature: 40 °C + 2°C;
—  Humidity: (93-% + 3) % relative humidity;
— Test duration: 21 days.

NUTE r(ebibwrs tndt nave peeri buujeueu 10 d lest uurdliun ronger tal 21 ddys die Lunsiuereu L0 Nave Imet ine
test duration criteria.

Each sample is then subjected to ten impulses of alternating polarity, using the impulse(test
generator reference 2 of Table N.1. The interval between successive impulses is 60 s, ahd U,

is equal to the applicable REQUIRED WITHSTAND VOLTAGE.
After the test, the resistance of each sample shall not have changed by more thap 10 %.
No failure is permitted.

1.5.7.3 Resistors bridging double insulation or reinforced insulation between the a.c.
mains supply and circuits connected to an antenna or coaxial cable

The requirements and tests of 1.5.7.2 apply except the impulse“test generator is as specified
in reference 3 of Table N.1 if the circuit is connected(;t{e’ an antenna or reference 1 of
Table N.1 if the circuit is connected to a coaxial cable.

After the test, the resistance of each sample shall-hot have changed by more than 20 % and
no failure is permitted.

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

1.5.8 Components in equipment for1T power distribution systems

For equipment to be connected~to IT power distribution systems, components connected
between line and earth shall. be capable of withstanding the stress due to the line-to-line
voltage. However, capacitors) rated for the applicable line-to-neutral voltage are permitted in
such applications if they.comply with subclass Y1, Y2 or Y4 of IEC 60384-14.

NOTE 1 The above capacifors are endurance tested at 170 % of the voltage rating of the capacitor.

NOTE 2 In Norway, due to the IT power distribution system used (see AnnexV, Figure V.7), capacitors are
required to be ratedifar the applicable line-to-line voltage (230 V).

Compliance'is)ichecked by inspection.

1.5.9,~Surge suppressors

1¢5.9.1 General

It is nermitted to use anv tvne of surae sunnressor includina a voltage denendent resistor
Lad J J = ~ Ll o 4 b4 b L

(VDR), in a SECONDARY CIRCUIT.

If a surge suppressor is used in a PRIMARY CIRCUIT, it shall be a VDR and it shall comply with
Annex Q.

NOTE 1 A VDR is sometimes referred to as a varistor or a metal oxide varistor (MOV). Devices such as gas
discharge tubes, carbon blocks and semiconductor devices with non-linear voltage/current characteristics are not
considered as VDRs in this standard.

NOTE 2 It is not a requirement of this standard to comply with any particular component standard for surge
suppressors used in SECONDARY CIRCUITS. However, attention is drawn to the IEC 61643 series of standards, in
particular:
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IEC 61643-21 (surge suppressors in telecommunications application)
IEC 61643-311 (gas discharge tubes)

IEC 61643-321 (avalanche breakdown diodes)

IEC 61643-331 (metal oxide varistors).

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

1.9.9.2 Protection ot VDRs
For protection against

— temporary overvoltages above the maximum continuous voltage,
— thermal overload due to leakage current within the VDR, and

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

an interrupting means having an adequate breaking capacity shall be conneeted in series with
the VDR. This requirement does not apply to a VDR in a LIMITED CURRENT\CIRCUIT.

NOTE 1 For temporary overvoltages from the AC MAINS SUPPLY, see IEC 60664-1.

NOTE 2 During the lifetime of a VDR the leakage current increases with thesnumber of switching cycles in the
VDR. This leakage current causes a permanent and continuously increasing, temperature stress, which can cause
the VDR to burn or burst.

Compliance is checked by inspection and, if necessary to determine that the circuit is a
LIMITED CURRENT CIRCUIT, by measurement and test.

1.5.9.3 Bridging of functional insulation by a VDR

It is permitted to bridge FUNCTIONAL INSULATION by a VDR.
Compliance is checked by inspection.

1.5.9.4 Bridging of basic insulation by a VDR

It is permitted to bridge BASIC INSULATION by a VDR complying with the requirements of
Annex Q, with or without axGDT in series, provided that one side of the VDR circuit is earthed
in accordance with 2.6.1°a).

Equipment with such a VDR bridging BASIC INSULATION shall be one of the following:

— PLUGGABLE EQUIPMENT TYPE B; or
— PERMANENTLY CONNECTED EQUIPMENT; or

— equipment that has provision for a permanently connected PROTECTIVE EARTHING
CONDUCTOR and is provided with instructions for the installation of that conductor.

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

For all other equipment, it is permitted to bridge BASIC INSULATION by a VDR in series with a
GDT provided that:
- the VDR complies with the requirements of Annex Q; and
- the GDT complies with:
« the electric strength test for BASIC INSULATION; and
o the external CLEARANCE and CREEPAGE DISTANCE requirements for BASIC INSULATION.

Compliance is checked by inspection and, if necessary, by measurement and test.
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1.5.9.5 Bridging of supplementary, double or reinforced insulation by a VDR

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

Compliance is checked by inspection.

—+6—Powerinterface
1.6.1 AC power distribution systems

AC power distribution systems are classified as TN-C, TN-C-S, TN-S, TT or IT (see Annex.V).

1.6.2 Input current

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

NOTE See also 1.4.10.

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

— where an equipment has more than one RATED VOLTAGE~the input current is measured at
each RATED VOLTAGE;

— where an equipment has one or more RATED {/OLTAGE RANGES, the input current is
measured at each end of each RATED VOLTAGE RANGE. Where a single value of RATED
CURRENT is marked (see 1.7.1), it is compared with the higher value of input current
measured in the associated voltage range’ Where two values of RATED CURRENT are
marked, separated by a hyphen, they aré)compared with the two values measured in the
associated voltage range.

In each case, the readings are taken’when the input current has stabilized. If the current
varies during the normal operating. cycle, the steady-state current is taken as the mean

indication of the value, measuredt on a recording r.m.s. ammeter, during a representative
period.

1.6.3 Voltage limit of hand-held equipment

The RATED VOLTAGE Of HAND-HELD EQUIPMENT shall not exceed 250 V.
Compliance isrehecked by inspection.

1.6.4 Neutral conductor

The.neutral conductor, if any, shall be insulated from earth and from the BoDY throughout the
equipment as if it were a line conductor. Components connected between neutral and earth
shall be rated for the line-to-neutral voltage (however, see also 1.5.8).

Compliance is checked by inspection.

1.7 Markings and instructions

NOTE Additional requirements for markings and instructions are contained in the following subclauses:

2.1.1.2 Battery compartments 4.3.3 Adjustable controls
21418~  Energy-hazards 4.3.5 Plugs and sockets
2.3.2.3 Protection by earthing 4.3.13.4 UV radiation

2.6.1 Unearthed parts 4.3.13.5 Lasers

2.6.2 FUNCTIONAL EARTHING 4.4.2 Hazardous moving parts
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2.6.3.4 c) Bonding conductors 4.45.2 Fan protection for USERS
2.6.5.1 Bonding conductors 4453 Fan protection for service persons
2.71 External protective devices 453454 Marking of hot parts
Table 4C
2.7.6 Neutral fusing 4.5.4 Touch temperatures
2.10.3.2 Overvoltage Categories 4.6.2 Equipment on non-combustible floors
3.2.1.2 DC MAINS SUPPLY 4.6.3 Removable doors and covers
3.3.7 Grouping of wiring terminals 5.1.7.1 TOUCH CURRENT exceeding 3,5 mA
3.4.3 Disconnect devices 5.1.8.2 Summation of TOUCH CURRENTS
3.4.6 Two-pole disconnect 6.1.1 and Earthing for a TELECOMMUNICATION
devices 6.1.2.2 NETWORK
3.4.7 Four-pole disconnect 7.2and 7.4.1 Earthing for a CABLE DISTRIBUTIONSYSTEM
devices
3.4.9 Plugs as disconnect devices G.2.1 Equipment in Overvoltage Categories Il
and IV
3.4.10 Interconnected equipment DD.2 Maximum shelf load
3.4.11 Multiple power sources EE.2 Shredder warning
4.1 Equipment stability EE.4 Shredder powendisconnection
4.2.5 Impact test

Compliance with each subclause of 1.7 is checked by inspection unless otherwise specified

(see 1.7.11).

1.7.1 Power rating and identification markings



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

- 48 - 60950-1 © IEC:2005+A1:2009
+A2:2013

1.71.1 Power rating markings

Equipment shall be provided with a power rating marking, the purpose of which is to specify a
supply of correct voltage and frequency, and of adequate current-carrying capacity.
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If the equipment is not provided with a means for direct connection to a MAINS SUPPLY, it need
not be marked with any electrical rating, such as its RATED VOLTAGE, RATED CURRENT or RATED
FREQUENCY.

If the equipment, or a system, has multiple MAINS SUPPLY connections, each individual MAINS
SUPPLY electrical rating must be marked, unless they are the same, but the overall equipment
or system electrical rating need not be marked. If the multiple MAINS SUPPLY are identical, it is

narmittad ta marle thaom fAr Aavamnla Ao “aaaIng SURPRLY aloctrical ratina~ !\‘|” whara N ic I'Ihe

PoTTtto T toTaric a ot 1O OCATTHTPTO, oo i tiNo oot T CTO ot oo Tt Tg 7/~ witoT o Ty 1ot

number of identical MAINS SUPPLY connections. &s

N

Q
For equipment intended to be installed by an OPERATOR, the power rating marking, if reguir€d
shall be readily visible in any OPERATOR ACCESS AREA. If a manual voltage selectzp' not
OPERATOR-accessible, the power rating marking shall indicate the RATED VOLTAGE& which
the equipment is set during manufacture; a temporary marker is permitted for_this purpose.
The power rating marking is permitted on any outer surface of the equipmeﬂy except the
bottom of equipment having a mass exceeding 18 kg.

N
For STATIONARY EQUIPMENT, the power rating marking shall be visible iqgthe equipment has
been installed as in normal use. ?\
N
For equipment intended to be installed by a SERVICE PERSON, if the power rating marking

is in @ SERVICE ACCESS AREA, the location of the permanen@ king shall be indicated in the
installation instructions or on a readily visible marker on tlt'@ quipment. It is permitted to use

a temporary marker for this purpose. C)
\Z

The power rating marking shall include the foIIowiné;\

— RATED VOLTAGE(S) or RATED VOLTAGE RANQ?@, in volts;

N\
e the voltage range shall have a @en (-) between the minimum and maximum RATED
VOLTAGES and when multiple ®RATED VOLTAGES or RATED VOLTAGE RANGES are given,
they shall be separated by @$olidus (/);

NOTE 1 Some examples of RA]’%@OLTAGE markings are:

— RATED VOLTAGE RANGE: 22032\40 V. This means that the equipment is designed to be connected to an
AC MAINS SUPPLY having@y voltage between 220 V and 240 V.

— multiple RATED VOIQ_T%: 120/230/240 V. This means that the equipment is designed to be connected to
an AC MAINS SUF@&EVing a voltage of 120 V or 230 V or 240 V, usually after internal adjustment.

of a -phase, three-wire power distribution system, the power rating marking

shaﬂ;2 e the line-to-neutral voltage and the line-to-line voltage, separated by a

sqlidus (/), with the added notation "Three wires plus protective earth", "3W + PE" or
ivalent;

@FE 2 Some examples of the above system rating markings are:
Q 120/240 V; 3 wire + PE;

o |f equipgehl is to be connected to both line conductors and to the neutral conductor

N\ 120/240 V; 3W + @ (60417-1EC-5019);

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

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

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

— RATED CURRENT, in milliamperes or amperes;
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e for equipment with multiple RATED VOLTAGES, the corresponding RATED CURRENTS shall
be marked such that the different current ratings are separated by a solidus (/) and the
relation between RATED VOLTAGE and associated RATED CURRENT appears distinctly;

e equipment with a RATED VOLTAGE RANGE shall be marked with either the maximum
RATED CURRENT or with the current range;

e the power rating marking for RATED CURRENT of a group of units having a single supply

connection shall be plnr\nd on-the unit which is rlirnr‘fly connected to g MAINS SUPPLY

The RATED CURRENT marked on that unit shall be the total maximum current that ca
be on circuit at the same time and shall include the combined currents to all unitsci
the group that can be supplied simultaneously through the unit and that caﬁﬁ
operated simultaneously.

-

NOTE 3 Some examples of RATED CURRENT markings are: b
— for equipment with multiple RATED VOLTAGES: (1/
120/240 V; 2,4/1,2 A; %.

100-120/200-240 V; 2,4/1,2 A; N
— for equipment with a RATED VOLTAGE RANGE: (Qb
100-240 V; 2,8 A; ?‘
100-240 V: 2,8-1,4 A; N
100-120 V; 2,8 A; (QQ
200-240 V; 1,4 A. QQ
It is recognized that in some regions it is customary to use@p@ﬂnt () as a decimal marker instead of a

comma.

N
Additional markings are permitted, provided that thédo not give rise to misunderstanding.

Where symbols are used, they shall confo@Qo ISO 7000 or IEC 60417 where appropriate
symbols exist. \\
QO

1.7.1.2  Identification markings ~&
L
Equipment shall be provided bAy\@§following identification markings:

— manufacturer's name or"t@de-mark or identification mark;

-

QS)
— manufacturer's medel identification or type reference;

— symbol [}, IEE60417-5172 (DB:2003-02), for the identification of CLASS Il EQUIPMENT only,
except wé& his is forbidden by 2.6.2.

Additio entification markings are permitted, provided that they do not give rise to
misu tanding.

égse identification markings shall be readily visible in any OPERATOR ACCESS AREA, except
\{hat they shall not be located on the bottom of equipment having a mass exceeding 18 kg. For

STATIONARY EQUIPMENT, the 1dentification markings shall be visible after the equipment has
been installed as in normal use.

1.7.1.3 Use of graphical symbols
Graphical symbols placed on the equipment, whether required by this standard or not, shall

be in accordance with IEC 60417 or ISO 3864-2 or ISO 7000, if available. In the absence of
suitable symbols, the manufacturer may design specific graphical symbols.

Symbols placed on the equipment shall be explained in the user manual.
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1.7.2 Safety instructions and marking
1.7.2.1  General

Sufficient information shall be provided to the USER concerning any condition necessary to
ensure that, when used as prescribed by the manufacturer, the equipment is unlikely
to present a hazard within the meaning of this standard.

If it is necessary to take special precautions to avoid the introduction of hazards when
operating, installing, servicing, transporting or storing equipment, the necessary instructions
shall be made available.

NOTE 1 Special precautions may be necessary, for example, for connection of the equipment to the supply and
for the interconnection of separate units, if any.

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

NOTE 3 In many countries, instructions and equipment marking related to safety are requiredyto be in a language
that is acceptable in the country in which the equipment is to be installed. Servicing instructions-are normally made
available only to SERVICE PERSONS and are generally acceptable in the English language only:

NOTE 4 In Germany, safety-related information, even for SERVICE PERSONS, has to be inthe German language.
NOTE 5 In Canada, the instructions and markings should be in French and English.

NOTE 6 In Finland, Norway and Sweden, CLASS | PLUGGABLE EQUIPMENT TYPE.A intended for connection to other
equipment or a network, must, if safety relies on connection to protectivesearth or if surge suppressors are
connected between the network terminals and accessible parts, have a matking stating that the equipment must be
connected to an earthed mains socket-outlet.

The operating instructions, and the installation instructions for PLUGGABLE EQUIPMENT intended
for USER installation, shall be made available to the USER.

1.7.2.2 Disconnect devices

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

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

— for PLUGGABLE EQUIPMENT) the socket-outlet shall be installed near the equipment and shall
be easily accessible.

1.7.2.3 Overcurrent protective devices

For PLUGGABLESEQUIPMENT TYPE B or PERMANENTLY CONNECTED EQUIPMENT, the installation
instructions ,shall specify the maximum rating of an overcurrent protective device to be
provided external to the equipment, unless there are appropriate overcurrent protective
devices.in:the equipment [see also 2.6.3.3 b)].

NOTEN._The specified maximum rating may not be one of the protective device ratings available in the country of
installation. Allowance should be made for the use of a device with a smaller rating that will still be adequate for
the_equipment RATED CURRENT plus any necessary allowance for inrush current.

If the equipment has been designed or, when required, modified for connection to an IT power
distribution system, the equipment installation instructions shall so state.

1.7.2.5 Operator access with a tool

If a TOOL is necessary to gain access to an OPERATOR ACCESS AREA, either all other
compartments within that area containing a hazard shall be inaccessible to the OPERATOR by
the use of the same TOOL, or such compartments shall be marked to discourage OPERATOR
access.
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An acceptable marking for an electric shock hazard is A\ (ISO 3864, No. 5036).

1.7.2.6 Ozone

For equipment that may produce ozone, the installation and operating instructions shall refer
to the need to take precautions to ensure that the concentration of ozone is limited to a safe
value.

NOTE The present recommended long term exposure limit for ozone is 0,1 x 106 (0,2 mg/m3) calculated as an
8 h time-weighted average concentration. It should be noted that ozone is heavier than air.

1.7.3 Short duty cycles

Equipment not intended for continuous operation shall be marked with its RATED.QPERATING
TIME, and RATED RESTING TIME unless the operating time is limited by the construction.

The marking of RATED OPERATING TIME shall correspond to normal use.

The marking of the RATED OPERATING TIME shall precede the marking. of the RATED RESTING
TIME (if given), the two markings being separated by a solidus (/).

1.7.4 Supply voltage adjustment

For equipment intended for connection to multiple RATED VOLTAGES or FREQUENCIES, the
method of adjustment shall be fully described in the setvicing or installation instructions.

Unless the means of adjustment is a simple contrel near the power rating marking, and the
setting of this control is obvious by inspection;the following instruction or a similar one shall
appear in or near the power rating marking:

SEE INSTALLATION INSTRUCTIONS
BEFORE CONNECTING TO THE SUPPLY

1.7.5 Power outlets on the equipment

If any standard power supply-outlet in the equipment is accessible to the OPERATOR, a marking
shall be placed in the vicinity of the outlet to show the maximum load that is permitted to be
connected to it.

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

1.7.6 Fuse'identification

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

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

For fuses not located in OPERATOR ACCESS AREAS and for soldered-in fuses located in
OPERATOR ACCESS AREAS, it is permitted to provide an unambiguous cross-reference (for
example, F1, F2, etc.) to the servicing instructions that shall contain the relevant information.

NOTE See 2.7.6 regarding other warnings to SERVICE PERSONS.
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1.7.7 Wiring terminals
1.7.7.1 Protective earthing and bonding terminals

A wiring terminal intended for connection of a PROTECTIVE EARTHING CONDUCTOR shall be
indicated by the symbol @, IEC 60417-5019 (DB:2002-10). This symbol shall not be used for

other earthing terminals, except that the symbol may also be used to identify the separate
protective earthing terminal specified in 5.1.7.1.

It is not a requirement to mark terminals for PROTECTIVE BONDING CONDUCTORS, but where such
terminals are marked, the symbol ; (IEC 60417-5017 (DB:2002-10)) shall be used.

The following situations are exempt from the above requirements:

— where terminals for the connection of a supply are provided on a component {(for example,
a terminal block) or subassembly (for example, a power supply unit),)the symbol L
is permitted for the protective earthing terminal instead of @

— on subassemblies or components, the symbol @ is permitted in_place of the symbol ;
provided that it does not give rise to confusion.

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

These requirements are applicable to terminals for/connection of a PROTECTIVE EARTHING
CONDUCTOR whether run as an integral part of a powenrsupply cord or with supply conductors.

1.7.7.2 Terminals for a.c. mains supply conductors

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

— terminals intended exclusively for.connection of the AC MAINS SUPPLY neutral conductor, if
any, shall be indicated by the.¢apital letter N; and

— on three-phase equipmenty)if incorrect phase rotation could cause overheating or other
hazard, terminals intended for connection of the AC MAINS SUPPLY line conductors shall be
marked in such a way-that, in conjunction with any installation instructions, the sequence
of phase rotation is:unambiguous.

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

1.7.7.3 Terminals for d.c. mains supply conductors

For PERMANENTLY CONNECTED EQUIPMENT and equipment with ordinary NON-DETACHABLE POWER
SUPPLY CORDS, terminals intended exclusively for connection of a DC MAINS SUPPLY shall be
marked to indicate polarity.

If a single terminal is provided, both as a main protective earthing terminal in the equipment
and for the connection to one pole of the DC MAINS SUPPLY, it shall be marked as specified in
1.7.7.1, in addition to polarity marking.

These indications shall not be located on screws or other parts that might be removed when
conductors are being connected.
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1.7.8 Controls and indicators
1.7.8.1 Identification, location and marking

Unless it is obviously unnecessary, indicators, switches and other controls affecting safety
shall be identified or located so as to indicate clearly which function they control.

Markings and indications for switches and other controls shall be located either:

— on or adjacent to the switch or control, or

— elsewhere, provided that it is obvious to which switch or control the marking applies.

Indications used for this purpose shall, wherever practicable, be comprehensibleswithout a
knowledge of languages, national standards, etc.

1.7.8.2 Colours

Where safety is involved, colours of controls and indicators shall comply with IEC 60073.
Where colours are used for functional controls or indicators, any seolour, including red, is
permitted provided that it is clear that safety is not involved.

1.7.8.3 Symbols

Where symbols are used on or near controls (for example, switches and push buttons)
to indicate "ON" and "OFF" conditions, they shall be the line | for "ON" and circle O for "OFF"
(IEC 60417-5007 (DB:2002-10)) and IEC 604175008 (DB:2002-10). For push-push type
switches the symbol (1) shall be used (IEC 60417-5010 (DB:2002-10)).

It is permitted to use the symbols O and.| to indicate the "OFF" and "ON" positions of any
primary or secondary power switches, including isolating switches.

A "STAND-BY" condition shall be:indicated by the symbol d) (IEC 60417-5009 (DB:2002-
10)).

1.7.8.4 Markings using figures

If figures are used for indicating different positions of any control, the "OFF" position shall be
indicated by the figure 0 (zero) and higher figures shall be used to indicate greater output,
input, etc.

1.7.9 Isolation of multiple power sources

Where<there is more than one connection supplying HAZARDOUS VOLTAGES or HAZARDOUS
ENERGY LEVELS to equipment, a prominent marking, located close to the entry point provided
far @ SERVICE PERSON to gain access to the hazardous parts, shall be provided to indicate
which disconnect device or devices isolate the equipment completely and which disconnect

=l + o ol 4 H ot lo FH £ 41 4
UTVILTO LAllT VT UsSTU 1TU 1oUIAdlT TAUIT STULUTT UT UTT TYUTPTITTTIL.

1.7.10 Thermostats and other regulating devices

THERMOSTATS and similar regulating devices intended to be adjusted during installation or in
normal use shall be provided with an indication for the direction of adjustment to increase or
decrease the value of the characteristic being adjusted. Indication by the symbols + and — is
permitted.
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1.7.11  Durability

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

Compliance is checked by inspection and by rubbing the marking by hand for 15 s with a
piece of cloth soaked with water and again for 15 s with a piece of cloth soaked with
’npfrnlpum Q’nirif After this test the mnrl(ing shall he ngihlp' it shall not be ’nnecihlp to_remaove

marking plates easily and they shall show no curling.

The petroleum spirit to be used for the test is aliphatic solvent hexane having a maximum
aromatics content of 0,1 % by volume, a kauributenol value of 29, an initial boiling-point of
approximately 65 °C, a dry point of approximately 69 °C and a mass per unit Wolume
of approximately 0,7 kg/I.

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

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

1.7.12 Removable parts

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

1.7.13 Replaceable batteries

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

— if the battery is placed in an OPERATOR ACCESS AREA, there shall be a marking close to the
battery or a statement in both the operating and the servicing instructions;

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

This marking or statement-shall include the following or similar text:

CAUTION
RISK OF EXPLOSION IF BATTERY IS REPLACED
BY AN INCORRECT TYPE.
DISPOSE OF USED BATTERIES ACCORDING
TO THE INSTRUCTIONS

1.7.14-Equipment for restricted access locations

For equipment intended only for installation in a RESTRICTED ACCESS LOCATION, the installation

inctritctinne chall cAantain o ctatamant +tn thic affact
St GHORS—SHaH— GOt Sttt e e AttotHS—e et

2 Protection from hazards

2.1 Protection from electric shock and energy hazards
2.1.1 Protection in operator access areas

This subclause specifies requirements for protection against electric shock from energized
parts based on the principle that the OPERATOR is permitted to have access to:



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

- 56 - 60950-1 © IEC:2005+A1:2009
+A2:2013

— bare parts of SELV CIRCUITS; and
— bare parts of LIMITED CURRENT CIRCUITS; and

— TNV CIRCUITS under the conditions specified in 2.1.1.1.

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

4 4 - 4 4
I. I.

Additiomat Tequirements are specifiedm 275 anmd 278 for protectiomagaimstenergy

hazards.

2111 Access to energized parts

The equipment shall be so constructed that in OPERATOR ACCESS AREAS there ishadequate
protection against contact with:

— bare parts of ELV CIRCUITS; and

— bare parts at HAZARDOUS VOLTAGES; and

— SOLID INSULATION providing FUNCTIONAL INSULATION or BASIC INSULATION of parts or wiring in
ELV CIRCUITS, except as permitted in 2.1.1.3; and

— SOLID INSULATION providing functional insulation or basic_insulation of parts or wiring at
hazardous voltages; and

NOTE 1 FUNCTIONAL INSULATION includes, but is not limited to, insulation, such as lacquer, solvent-based enamel,
ordinary paper, cotton and oxide film, or displaceable insulation such_as beads and sealing compounds other than
self-hardening resin.

— unearthed conductive parts separated from ELV CIRCUITS or from parts at HAZARDOUS
VOLTAGES by FUNCTIONAL INSULATION or BASICINSULATION only; and

— bare parts of TNV CIRCUITS, except that access is permitted to:

e contacts of connectors that cannot‘be touched by the test probe (Figure 2C);
e bare conductive parts in the interior of a battery compartment that complies with 2.1.1.2;

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

e bare conductive parts\of connectors in TNV-1 CIRCUITS that are separated from unearthed
accessible condugctive parts of the equipment in accordance with 6.2.1.
NOTE 2 A typical application is the shell for a coaxial connector.

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

Unrestricted, access is permitted to LIMITED CURRENT CIRCUITS.

These requirements apply for all positions of the equipment when it is wired and operated as
in normal use.

Protection shall be achieved by insulation or by guarding or by the use of interlocks.

Compliance is checked by all of the following.
a) Inspection.

b) A test with the test finger, Figure 2A, which shall not contact parts described above when
applied to openings in the ENCLOSURES after removal of parts that can be detached by an
OPERATOR, including fuseholders, and with OPERATOR access doors and covers open. It is
permitted to leave lamps in place for this test. Connectors that can be separated by an
OPERATOR, other than those complying with |EC 60083, I|EC 60309, IEC 60320,
IEC 60906-1 or IEC 60906-2, shall also be tested during disconnection.
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c) A test with the test pin, Figure 2B, which shall not contact bare parts at HAZARDOUS
VOLTAGES when applied to openings in an external ELECTRICAL ENCLOSURE. Parts that can
be detached by an OPERATOR, including fuseholders and lamps, are left in place, and
OPERATOR access doors and covers are closed during this test.

d) A test with the test probe, Figure 2C, where appropriate.

The test finger, the test pinm and the test probe are applied as above, without appreciable
force, in every possible position, except that floor-standing equipment having a mass
exceeding 40 kg is not tilted.

Equipment intended for building-in or rack-mounting, or for incorporation in larger equipment,
is tested with access to the equipment limited according to the method of mounting detailed in
the installation instructions.

Openings preventing the entry of the test finger, test b) above, are further tested by means of
a straight unjointed version of the test finger applied with a force of 30 N. If the unjointed
finger enters, test b) is repeated except that the finger is pushed thratigh the opening using
any necessary force up to 30 N.

NOTE 4 If an electrical contact indicator is used to show contact, care,should be taken to ensure that the
application of the test does not damage components of electronic circuits.

Where contact between the test tool and the part is not pérmitted in the above tests, there is
no requirement for a minimum air gap for voltages not exteeding 1 000 V a.c. or 1 500 V d.c.
For higher voltages, there shall be an air gap betwegn the part at HAZARDOUS VOLTAGE and the
test finger, Figure 2A, or the test pin, Figure 2B, placed in its most unfavourable position. This
air gap, see Figure 2D, shall either

— have a minimum length equal to the minimmum CLEARANCE for BASIC INSULATION specified in
2.10.3 (or Annex G), or

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

test finger is made with each component in its most unfavourable position within the range of
adjustment, the belt being removed, if necessary, for this purpose.
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Linear dimensions in millimetres

Tolerances on dimensions without specific tolerances:
— 14° and 37° angles: +15’
— on radii: +0,1 mm

— on linear dimensions:

<15 mm: 0 mm
-01

>15 mm < 25 mm: +0,1 mm

>25 mm: +0,3 mm

Material of fingeriheat-treated steel, for example.

Both joints, ‘ef‘this finger can be bent through an angle of 90° +18° but in one and the same direction only.

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

NOTE 2 Dimensions in parentheses are for information only.

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

Figure 2A — Test finger
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Dimensions in millimetres

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

Figure 2B — Test pin
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Dimensions in millimetres

Figure 2C — Test probe
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There is no requirement for a minimum air gap between the test finger or test
pin and the internal conductive part for voltages up to 1 000 V a.c. and 1 500"d.c.

IEC 1546/05

Figure 2D - Accessibility of internal conductjve parts

2.1.1.2 Battery compartments

Access by an OPERATOR to bare conductive parfs™~of TNV CIRCUITS within a battery
compartment in the equipment is permitted if all of the\following conditions are met:

— the compartment has a door that requires a-deliberate technique to open, such as the use
of a TooL or latching device; and

— the TNV CIRCUIT is not accessible whensthe door is closed; and

— there is a marking next to the door¢{Zor on the door if the door is secured to the equipment,
with instructions for protection of\the USER once the door is opened.

Information stating that the telephone cord is to be disconnected prior to opening the door is
an example of an acceptable.instruction.

Compliance is checked.by inspection.

2.1.1.3 Access to ELV wiring

Insulation of”internal wiring in an ELV CIRCUIT is permitted to be accessible to an OPERATOR

provided that:

a) thevnsulation meets the requirements for SUPPLEMENTARY INSULATION detailed in 3.1.4; or

b)-"all of the following apply:

the wiring does not need to be handled by the oPERATOR and is so placed that the

OPERATOR 1S Umtikety toputtom it or isso fixed that threconmecting points—are refieved
from strain; and

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

the insulation passes the electric strength test of 5.2.2 for SUPPLEMENTARY INSULATION;

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

WORKING VOLTAGE
(in case of failure of BASIC INSULATION)

Minimum distance
through insulation

V peak or d.c. V r.m.s. (sinusoidal) mm
Over 71 up to and including 350 Over 50 up to and including 250 0,17
Over 350 Over 250 0,31

Compliance is checked by inspection and measurement, and by the test of 5.2.2.

2.1.1.4 Access to hazardous voltage circuit wiring

Where the insulation of internal wiring at HAZARDOUS VOLTAGE is accessible to an OPERATOR,
or is not routed and fixed to prevent it from touching unearthed accessible conductive parts, it

shall meet the requirements of 3.1.4 for DOUBLE INSULATION or REINFORCED INSULATION.

Compliance is checked by inspection and measurement and, if necess$ary, by test.

2.1.1.5 Energy hazards

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

Compliance is checked by inspection and measuremetit’and, if necessary, by tests.

a) A risk of injury due to an energy hazard exists(if it is likely that two or more bare parts (one
of which may be earthed) between which a'HAZARDOUS ENERGY LEVEL exists, will be bridged

by a metallic

b) The likelihood of bridging the parts‘under consideration is determined by means of the test
finger, Figure 2A (see 2.1.1.1), inca straight position. It shall not be possible to bridge the

object.

parts with this test finger, applied without appreciable force.

c) The existence of a HAZARDOUS ENERGY LEVEL is determined as follows:

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

2) <the stored energy in a capacitor is at a HAZARDOUS ENERGY LEVEL if the voltage, U, is
2 V or more, and the stored energy, E, calculated from the following equation, exceeds

is 20 J or more:

E=05CU2x 1076

where

E is the energy, in joules (J);

C is the capacitance, in microfarads (uF);

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

Conductive shafts of operating knobs, handles, levers and the like in OPERATOR ACCESS AREAS
shall not be connected to parts at HAZARDOUS VOLTAGES, to ELV CIRCUITS or to TNV CIRCUITS.

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

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

— have their accessible parts covered by SUPPLEMENTARY INSULATION for a HAZARDOUS
VOLTAGE and by BASIC INSULATION for a TNV CIRCUIT.

Compliance is checked by inspection and measurement, and by the applicable electric
strength tests of 5.2.2.

2.1.1.7 Discharge of capacitors in equipment

Equipment shall be so designed that, at an OPERATOR-accessible external point of
disconnection of a MAINS SUPPLY, the risk of electric shock from stored charge on capacitors
connected in the equipment is reduced. No test for shock hazard is required unless the
nominal voltage of the MAINS SUPPLY exceeds 42,4 V peak or 60-V d.c.

Compliance is checked by inspection of the equipment and relevant circuit diagrams, taking
into account the possibility of disconnection of the supply with any on/off switch in either
position.

Equipment is considered to comply if any capacitor having a marked or nominal capacitance
exceeding 0,1 uF and in a circuit connected{to the MAINS SUPPLY has a means of discharge
resulting in a time constant not exceeding:

— 1 s for PLUGGABLE EQUIPMENT TYREA* and

— 10 s for PLUGGABLE EQUIPMENT\FYPE B.

The relevant time constant js the product of the effective capacitance in microfarads and the
effective discharge resistance in megohms. If it is difficult to determine the effective
capacitance and resistance values, a measurement of voltage decay at the point of external
disconnection can bg used. When conducting the voltage decay measurement, the—resutis
the measurement is either made with, or referred to, an instrument having an input impedance
consisting of a.\resistance of 100 MQ +5 M in parallel with an input capacitance of

20-pF+=56pE.25)pF or less.

NOTE Dusing an interval equal to one time constant, the voltage will have decayed to 37 % of its original value.
2.1.1(8) 'Energy hazards - d.c. mains supplies

Equipment shall be so designed that at an OPERATOR-accessible external point of
disconnection of a DC MAINS SUPPLY, either

— there is no HAZARDOUS ENERGY LEVEL (for example, due to stored charge on a capacitor or
a battery in the equipment, or to a redundant bC MAINS SUPPLY for backup), or

— the HAZARDOUS ENERGY LEVEL is removed within 2 s of the disconnection.

External points of disconnection include the plugs of PLUGGABLE EQUIPMENT and isolating
switches external to the equipment.

Compliance is checked by inspection of the equipment and relevant circuit diagrams, taking
into account the possibility of disconnection of the supply with any on/off switch in either
position.
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If necessary, the existence of a HAZARDOUS ENERGY LEVEL is determined as follows:

a) Capacitor connected to the DC MAINS SUPPLY

A test is conducted when the equipment is operating normally. The DC MAINS SUPPLY is then
disconnected and the voltage across the capacitor (U) is measured 2 s after disconnection.

The stored energy is calculated from the following formula:
E =0,5CU2x 106

where

E is the energy, in joules (J);
C is the capacitance, in microfarads (uF);
U is the measured voltage on the capacitor, in volts (V).

A HAZARDOUS ENERGY LEVEL exists if the voltage, U, is 2 V or more, and the stored energy, E,
exceeds is 20 J or more.

b) Internal battery connected to the DC MAINS SUPPLY

A test is conducted with the DC MAINS SUPPLY disconnécted and a variable resistive load
connected to the input terminals where the DC MAINS\SUPPLY is normally connected. The EUT
is operated from its internal battery. The variable~load is adjusted so that it draws 240 VA.
Further adjustment is made, if necessary, to maintain 240 VA for a period of 60 s.

If U is more than 2 V, the output power is at @ HAZARDOUS ENERGY LEVEL unless an overcurrent
protective device opens during the above)test, or for any other reason the power cannot be
maintained at 240 VA for a period of 605s.

If the output power is at a HAZARDOUS ENERGY LEVEL, a further test is conducted with the
variable load disconnected andthe EUT operated from the DC MAINS SUPPLY.

The supply is disconnécted and the energy level at the input terminals, 2 s after
disconnection, shall net.be at a HAZARDOUS ENERGY LEVEL.

NOTE It is assumed that it will be possible to bridge the parts accidentally external to the equipment. There is no
test to determine the.likelihood of bridging the parts.

2.1.1.9 Audio amplifiers in information technology equipment

Accessible circuits, terminals and parts of audio amplifiers and associated circuits shall
caomply with either

< 2.1.1.1 of this standard, or

- 9.1.1 of IEC 60065.

Compliance is checked by inspection and, if necessary, by the tests of 9.1.1 of IEC 60065,
during which the audio amplifiers are operated in accordance with 4.2.4 of IEC 60065.

2.1.2 Protection in service access areas

In a SERVICE ACCESS AREA, the following requirements apply.

The requirements of 2.1.1.7 apply to all types of equipment and for PERMANENTLY CONNECTED
EQUIPMENT, the time constant limit is 10 s. In addition, the requirements of 2.1.1.8 apply.
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Bare parts at HAZARDOUS VOLTAGES shall be located or guarded so that unintentional contact
with such parts is unlikely during service operations involving other parts of the equipment.

Bare parts at HAZARDOUS VOLTAGE shall be located or guarded so that accidental shorting to
SELV CIRCUITS or to TNV CIRCUITS (for example, by TOOLS or test probes used by a SERVICE
PERSON) is unlikely.

NO requirement is specified regarding access to ELV CIRCUITS Or to TNV CIRCUITS. HOWeVer,
bare parts that present a HAZARDOUS ENERGY LEVEL shall be located or guarded so that
unintentional bridging by conductive materials that might be present is unlikely during service
operations involving other parts of the equipment.

Any guards required for compliance with 2.1.2 shall be easily removable and replaceable if
removal is necessary for servicing.

Compliance is checked by inspection and measurement. In deciding. whether or not
unintentional contact is likely, account is taken of the way a SERVICE PERSON needs to gain
access past, or near to, the bare parts in order to service other parts.cFor determination of a
HAZARDOUS ENERGY LEVEL, see 2.1.1.5 c).

2.1.3 Protection in restricted access locations

For equipment to be installed in a RESTRICTED ACCESS)LOCATION, the requirements for
OPERATOR ACCESS AREAS apply, except as permitted in the)following four paragraphs.

In general, the requirements of 2.1.1.7 and 2.1.1.8" apply except that they do not apply to
PERMANENTLY CONNECTED EQUIPMENT. However, @ppropriate markings and instructions shall be
provided for protection against energy hazards.if a HAZARDOUS ENERGY LEVEL exists.

If a SECONDARY CIRCUIT at HAZARDOUS VOUTAGE is used to supply a ringing signal generator
that complies with 2.3.1 b), contact with bare parts of the circuit is permitted with the test
finger, Figure 2A (see 2.1.1.1). However, such parts shall be so located or guarded that
unintentional contact is unlikely.

Bare parts that present a (HAZARDOUS ENERGY LEVEL shall be located or guarded so that
unintentional bridging bysconductive materials that might be present is unlikely.

No requirement is ‘specified regarding contact with bare parts of TNv-1 CIRCUITS, TNV-2
CIRCUITS and TNV38 CIRCUITS.

Compliance'\.is checked by inspection and measurement. In deciding whether or not
unintentienal contact is likely, account is taken of the need to gain access past, or near to, the
bare parts. For determination of a HAZARDOUS ENERGY LEVEL, see 2.1.1.5 ¢).

2.2 SELYV circuits

SELV CIRCUITS shall exhibit voltages that are safe to touch both under normal operating

conditions and after a single fault (see 1.4.14). If no external load is applied to the SELV
CIRCUIT (open circuit), the voltage limits of 2.2.2 and 2.2.3 shall not be exceeded.

Compliance with 2.2.1 to 2.2.4 is checked by inspection and relevant tests.
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2.2.2 Voltages under normal conditions

In a single SELV CIRCUIT or in interconnected SELV CIRCUITS, the voltage between any two
conductors of the SELV CIRCUIT or CIRCUITS, and between any one such conductor and earth
(see 1.4.9), shall not exceed 42,4 V peak, or 60 V d.c., under normal operating conditions.

NOTE 1 A circuit that meets the above requirements, but that is subject to overvoltages from a
TELECOMMUNICATION NETWORK Or a CABLE DISTRIBUTION SYSTEM, is @ TNV-1 CIRCUIT.

NOTE 2 For normal conditions, the SELV CIRCUIT voltage limit is the same for an ELV CIRCUIT; an SELV CIRCUIT may
be regarded as an ELV CIRCUIT with additional protection under fault conditions.

2.2.3 Voltages under fault conditions

Except as permitted in 2.3.2.1 b), in the event of a single fault (see 1.4.14), the voltages
between any two conductors of the SELV CIRCUIT or CIRCUITS and between anysone such
conductor and earth (see 1.4.9) shall not exceed 42,4 V peak, or 60 V d.c. (V4 i Figure 2E.1

and Figure 2E.2) for longer than 200 ms. Moreover, the voltage shall not exceed 71 V peak or
120 V-&-¢ peak- (V5 in Figure 2E.1 and Figure 2E.2).

NOTE In Canada and the United States, the exception mentioned in 2.3.2.1 b) is not’permitted.

v2 71 VPeaK or 120 V d.c.
Vio— L L) 42,4V peak or 60 V d.c.
— t1 ——
— fp —
Y
IEC 1547/05
. t . tr o
V2 120 Vpeak

Vi

ov
IEC 710/13

Figure 2E.1 — Voltages in SELV circuits under single
fault conditions for a single pulse above V1
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Figure 2E.2 - Voltages in SELV circuits under single
fault conditions for multiple pulses above V1

IEC 711/13

Figure 2E - Voltages in SELV circuits under single fault conditions

For voltages having a repetitive nature after a fault (for example, {from power supplies in
"hiccup” mode), additional pulses exceeding V, (but not exceeding V,) are permitted under

the following conditions:
- ift; <20 ms, t, shall be greater than 1 s;
- ifty> 20 ms, t, shall be greater than 3 s; and

-ty shall not exceed 200 ms.
- lse i itted V-t lod-t,; : —

A limit of 120 Ve,
see Figure 2E.1.

 applies if the pulsg,goes above V; only once during time f;, for example

A limit of 71 Ve, applies ikthe pulse goes above V; more than once during time t;, for
example see Figure 2E.2.

Except as permitted(in®2.2.4, an SELV CIRCUIT shall be separated from a part at a HAZARDOUS
VOLTAGE by one or more of the constructions specified in 2.9.4.

It is permitted'for some parts of a circuit (for example, a transformer-rectifier circuit) to comply
with all of.the requirements for SELV CIRCUITS and to be OPERATOR-accessible, while other
parts of-the same circuit do not comply with all of the requirements for SELV CIRCUITS and are
therefore not permitted to be OPERATOR-accessible.

2.2:4 Connection of SELV circuits to other circuits

An SELV CIRCUIT Is permitted to be connected to other circuits provided that, when the SELV
CIRCUIT is so connected, all of the following conditions are met:

— except as permitted by 1.5.7 and 2.4.3, the SELV CIRCUIT is separated by BASIC INSULATION
from any PRIMARY CIRCUIT (including the neutral) within the equipment; and

— the SELV CIRCUIT meets the limits of 2.2.2 under normal operating conditions; and

— except as specified in 2.3.2.1 b), the SELV CIRCUIT meets the limits of 2.2.3 in the event of
a single fault (see 1.4.14) in the SELV CIRCUIT or in the SECONDARY CIRCUIT to which the
SELV CIRCUIT is connected.
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If an SELV CIRCUIT is connected to one or more other circuits, the SELV CIRCUIT is that part
which complies with the requirements of 2.2.2 and 2.2.3.

If an SELV CIRCUIT obtains its supply conductively from a SECONDARY CIRCUIT that is separated
from a HAZARDOUS VOLTAGE circuit by either:

— DOUBLE INSULATION or REINFORCED INSULATION; or

— an earthed conductive screen that is separated from the HAZARDOUS VOLTAGE circuit by
BASIC INSULATION,

the SELV CIRCUIT shall be considered as being separated from the HAZARDOUS VOLTAGE(Gircuit
by the same method.

NOTE For requirements in Norway, see 1.7.2.1 Note 6, 6.1.2.1 Note 2 and 6.1.2.2 Note.

If an SELV CIRCUIT is derived from a HAZARDOUS VOLTAGE SECONDARY CJRCUIT, and the
HAZARDOUS VOLTAGE SECONDARY CIRCUIT is separated from the PRIMARY GIRCUIT by DOUBLE
INSULATION or REINFORCED INSULATION, the SELV CIRCUIT shall remain within the limits given in
2.2.3 under single fault conditions (see 1.4.14). In such a case, the(short-circuiting of the
insulation in a transformer that provides the separation between the HAZARDOUS VOLTAGE
SECONDARY CIRCUIT and the SELV CIRCUIT is considered to be a single fault, for the purpose of
applying the single fault conditions, provided the insulation{ifi-the transformer passes an
electrical strength test for BASIC INSULATION in accordance with’5.2.2.

2.3 TNV circuits
2.3.1 Limits

In a single TNV CIRCUIT or interconnected<{TNV CIRCUITS, the voltage between any two
conductors of the TNV CIRCUIT or CIRCUITS ‘and between any one such conductor and earth
(see 1.4.9) shall comply with the following:
a) TNV-1 CIRCUITS

The voltages do not exceed the\following:

— the voltage limits in 2.2.2for an SELV CIRCUIT under normal operating conditions;

— the voltage limits of<Figure 2F measured across a 5 000 Q £ 2 % resistor in the event
of a single fault (see 1.4.14) within the equipment.

NOTE 1 In the event of@ single insulation or component failure, the limit after 200 ms is the limit in 2.3.1 b) for a
TNV-2 CIRCUIT or TNV-3 CIReUIT for normal operating conditions.
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Voltage V ‘
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\ I ~Ta¥al

1500 V peak
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1000 /
Limits of 2.3, b)

400 V peak or d.c. normal operating

~—_ conditions
500 ——
\\

S~

o+— >+ —
0 1 5 10 14 15 200 205 Time T |ms
IEC 1548/05
U v
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To 1ms

Figure 2F — Maximum voltages permitted after a single fault

b) TNV-2 CIRCUITS and TNV-3 CIRCUITS

The voltages exceed the limits in 2.2.2~fér an SELV CIRCUIT but do not exceed the
following:

— when telephone ringing signals .arepresent, voltages such that the signal complies
with the criteria of either Clause M.2 or Clause M.3;

— when telephone ringing signals are not present:
e a combination of vegltages, a.c. and d.c., such that under normal operating

conditions:
Uac + Udc <1
71 120 ~
where
U,.\is the peak value of the a.c. voltage (V) at any frequency;

U4. is the value of the DC VOLTAGE (V)

NOTEN2" When Uy, is zero, U,. can be up to 71 V peak.
NOTE 3 When U, is zero, Uy, can be up to 120 V.

all\‘.}I
o the voltage limits of Figure 2F measured across a 5 000 Q £ 2 % resistor in the
event of a single fault (see 1.4.14) within the equipment.

Compliance is checked by inspection and measurement.

NOTE 4 Telegraph and teletypewriter signals may be present on existing TELECOMMUNICATION NETWORKS.
However, these signals are considered to be obsolescent and their characteristics are not considered in this
standard.
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2.3.2 Separation of TNV circuits from other circuits and from accessible parts

NOTE In Finland, Norway and Sweden, there are additional requirements for the insulation, see 6.1.2.1 Note 2
and 6.1.2.2 Note.

2.3.2.1 General requirements

NOTE 1 See also 6.1.2, 6.2 and 7.3.

SELV-CIRCUITS, TNV-1 CIRCUITS and accessible conductive parts shall be separated from TNv-2
CIRCUITS and TNV-3 CIRCUITS in such a way that in the event of a single fault (see 1.4.14) beth
of the following conditions are met:

a) the voltages of TNV-1 CIRCUITS do not exceed the limits of Figure 2F; and

b) the voltages of the SELV CIRCUITS and accessible conductive parts do not exceed-the limits
specified in 2.3.1 b) for TNv-2 CIRCUITS and TNV-3 CIRCUITS under normal operating
conditions.

NOTE 2 In Canada and the United States, in the event of a single fault as described above, the limits of 2.2.3
apply to SELV CIRCUITS and to accessible conductive parts.

NOTE 3 Under normal operating conditions, the limits of 2.2.2 always apply to each,SELV CIRCUIT and accessible
conductive part.

NOTE 4 The limits of 2.3.1 always apply to each TNV CIRCUIT.

At the choice of the manufacturer, it is permitted to treat a TNV21 CIRCUIT or a TNV-2 CIRCUIT as
a TNV-3 CIRCUIT. In this case, the TNV-1 CIRCUIT or TNV-2 CIRCUIT shall meet all the separation
requirements for a TNV-3 CIRCUIT.

One of the methods specified in 2.3.2.2, 2.3.2.3, 2.3.2:4 and 2.10.5.13 shall be used.
Compliance is checked as specified in 2.3.2.2, 2.8.2.3, 2.3.2.4 or 2.10.5.13.

2.3.2.2 Protection by basic insulation
The requirements of 2.3.2.1 are met if the parts are separated by BASIC INSULATION.

Compliance is checked by inspection, measurement and electric strength testing of the BASIC
INSULATION and, if necessary,-by simulation of failures of components and the BASIC
INSULATION (see 1.4.14). However, if it is clear from a study of the circuit diagrams that the
specified limits of 2.3.1 b)Owill not be exceeded, failure of components and the BASIC
INSULATION need not be sjmulated.

NOTE 1 The test of 2.3/ is'not required.

NOTE 2 Where BASIC INSULATION is provided and 6.2.1 also applies to this insulation, the test voltage prescribed
in 6.2.2 is in most_cases higher than that for BASIC INSULATION.

2.3.2.3 Protection by earthing

The requirements of 2.3.2.1 are considered to be met if the SELV CIRCUIT, TNV-1 CIRCUIT or
accessible conductive part is connected to the main protective earthing terminal in
accordance with 2.6.1 ¢) or d); and one of the following, a), b), c) or d) applies.

a) For PLUGGABLE EQUIPMENT, a separate protective earthing terminal is provided in addition to

thc Illaill plutcbtivc Cdlthilly tcllllilld:, If dlly (bb‘b‘ 2641) Thc illbtd”atiull illbtlubtiullb bhd”
specify that this separate protective earthing terminal be permanently connected to earth.

b) For PLUGGABLE EQUIPMENT TYPE B, having connections to TELECOMMUNICATION NETWORKS or
to CABLE DISTRIBUTION SYSTEMS that are all pluggable, a marking on the equipment and a
statement in the installation instructions shall be provided. These shall specify that the
USER is to disconnect all TELECOMMUNICATION NETWORK connectors and CABLE DISTRIBUTION
SYSTEM connectors before disconnecting the POWER SUPPLY CORD.

c) For PLUGGABLE EQUIPMENT TYPE A, the requirements of b) above apply, and in addition the
installation instructions shall specify that it be installed by a SERVICE PERSON and
connected to a socket-outlet with a protective earthing contact.
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d) For PERMANENTLY CONNECTED EQUIPMENT there is no additional requirement.

NOTE |If earthing is provided that is not in accordance with a), b), c) or d), see 2.3.2.4.

Compliance is checked by inspection and, if necessary, by simulation of failures of
components and insulation such as are likely to occur in the equipment (see 1.4.14). The
voltage limits specified in 2.3.2.1 shall be met.

Additionally, the test of 2.3.5 shall be conducted if the TNV-2 CIRCUIT or TNV-3 CIRCUIT is

intended to receive signals or power that are generated externally during normal operation
(for example, in a TELECOMMUNICATION NETWORK). Single faults are not simulated while
conducting the test of 2.3.5.

Prior to the above tests, insulation that does not meet the requirements for BASIC INSULATION
is short-circuited. However, if simulation of failures would be more severe if conducted*without
short-circuiting the insulation, the test is conducted without short-circuiting.

2.3.2.4 Protection by other constructions

Other constructions are permitted if they ensure that the voltage limits specified in 2.3.2.1 are
met, but do not rely on BASIC INSULATION or earthing, or by separation as specified in
2.10.5.13.

Compliance is checked by simulation of failures of componénts and insulation such as are
likely to occur in the equipment (see 1.4.14).

If earthing is provided that is not in accordance with\2)3.2.3 a), b), ¢) or d), the tests are
conducted with the EUT not connected to earth. The voltage limits specified in 2.3.2.1 shall be
met.

Additionally, the test of 2.3.5 shall be conducted if the TNV-2 CIRCUIT or TNV-3 CIRCUIT is
intended to receive signals or power that darevgenerated externally during normal operation
(for example, in a TELECOMMUNICATION WETWORK). Single faults are not simulated while
conducting the test of 2.3.5.

Prior to the above tests, insulation that does not meet the requirements for BASIC INSULATION
is short-circuited. However, if simulation of failures would be more severe if conducted without
short-circuiting the insulation, thetest is conducted without short-circuiting.

2.3.3 Separation from_hazardous voltages

Except as permitted7in"2.3.4, a TNV CIRCUIT shall be separated from circuits at HAZARDOUS
VOLTAGE by one or more of the constructions specified in 2.9.4.

Compliance jissxchecked by inspection and measurement.

2.3.4 QConnection of TNV circuits to other circuits

Exeept as permitted in 1.5.7, a TNV CIRCUIT is permitted to be connected to other circuits,
provided that it is separated by BASIC INSULATION from any PRIMARY CIRCUIT (including the
neutral) within the equipment.

NOTE 1 The limits of 2.3.1 always apply to TNV CIRCUITS.

If a TNV CIRCUIT is connected to one or more other circuits, the TNV CIRCUIT is that part which
complies with 2.3.1.

If @ TNV CIRCUIT obtains its supply conductively from a SECONDARY CIRCUIT that is separated
from a HAZARDOUS VOLTAGE circuit by:

— DOUBLE INSULATION or REINFORCED INSULATION; or
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— the use of an earthed conductive screen that is separated from a HAZARDOUS VOLTAGE
circuit by BASIC INSULATION;

the TNV CIRCUIT shall be considered as being separated from the HAZARDOUS VOLTAGE circuit
by the same method.

If a TNV CIRCUIT is derived from a HAZARDOUS VOLTAGE SECONDARY CIRCUIT, and the HAZARDOUS

MOLTACE OCEANNNADRY AINDAITNT 1o annaratad fram tha Doimaany Ao~ T by Aol - INoT ATIAN A

VO TOE O COUNDIN T OIMtCUTT 1o oo PaOratC O T Ot T v ST oOTT Oy DOUDEE MINOoUT7 v oy Ot

REINFORCED INSULATION, the TNV CIRCUIT shall remain within the limits given in 2.3.1 under
single fault conditions (see 1.4.14). In such a case, the short-circuiting of the insulation ima
transformer that provides the separation between the HAZARDOUS VOLTAGE SECONDARY CIRCUIT
and the TNV CIRCUIT is considered to be a single fault, for the purpose of applying the single
fault conditions, provided the insulation in the transformer passes an electrical strength test
for BASIC INSULATION in accordance with 5.2.2.

Compliance is checked by inspection, and by simulation of single faults (seet.4.14) such as
are likely to occur in the equipment. No such simulated fault shall cause.the voltage across a
5000 Q+ 2 % resistor, connected between any two conductors of the TNV CIRCUIT or between
one such conductor and earth, to fall outside the shaded area of:Figure 2F (see 2.3.1).
Observation is continued until stable conditions have existed for atleast 5 s.

NOTE 2 For requirements in Norway, see 1.7.2.1 Note 6, 6.1.2.1 Note 2 and/6,1.2.2 Note.

2.3.5 Test for operating voltages generated externally

This test is only conducted if specified in 2.3.2.3 or 2.3,2.4.

A test generator specified by the manufacturetiis used, representing the maximum normal
operating voltage expected to be received from’the external source. In the absence of such a
specification, a test generator is used that.\provides 120 V+ 2 V a.c. at 50 Hz or 60 Hz and
has an internal impedance of 1 200 Q + 2%.

NOTE The above test generator is not intended to represent the actual voltages on the TELECOMMUNICATION
NETWORK but to stress the circuit of the EUT in a repeatable manner.

The test generator is connected between the TELECOMMUNICATION NETWORK terminals of the
equipment. One pole of the test generator is also connected to the earthing terminal of
the equipment (see Figure-2G). The test voltage is applied for a maximum of 30 min. If it is
clear that no further deterioration will take place, the test is terminated earlier.

During the test,.the SELV CIRCUIT, TNV-1 CIRCUIT or accessible conductive part shall continue to
comply with 2(2.2.

The testhis' repeated after reversing the connections to the TELECOMMUNICATION NETWORK
termipals of the equipment.
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Figure 2G - Test generator

24 Limited current circuits
2.4.1 General requirements

LIMITED CURRENT CIRCUITS shall be so designed that the-limits specified in 2.4.2 are not
exceeded under normal operating conditions and in the event of a single failure within the
equipment (see 1.4.14 and 1.5.7).

Except as permitted in 2.4.3, segregation of accessible parts of LIMITED CURRENT CIRCUITS
from other circuits shall be as described in 2.2{for SELV CIRCUITS.

Compliance with 2.4.1 to 2.4.3 is checked\by inspection, measurement and, when necessary,
by test.

NOTE 1 An accessible conductive part or circuit separated from another part by DOUBLE INSULATION or
REINFORCED INSULATION that is bridged bysa resistor or group of resistors is treated as a LIMITED CURRENT CIRCUIT
(see 1.5.7).

NOTE 2 A LIMITED CURRENT CIRGUIT may be derived from either a PRIMARY CIRCUIT or a SECONDARY CIRCUIT.
2.4.2 Limit values

For frequencies not-exceeding 1 kHz, the steady-state current drawn through a non-inductive
resistor of 2 000" + 10 % connected between any two parts of a LIMITED CURRENT CIRCUIT, or
between any such part and earth (see 1.4.9), shall not exceed 0,7 mA peak, or 2 mA d.c.

For frequencies above 1 kHz, the limit of 0,7 mA is multiplied by the value of the frequency in
kilohertz but shall not exceed 70 mA peak.

Alternatively, it is permitted to use the measuring instruments of Annex D instead of the non-

mauctive Tesistorof 2 000 =109 mmemntionedabove.

When using the measuring instrument of Figure D.1, the voltage, U,, is measured and the
current is calculated by dividing the measured voltage, U,, by 500. The calculated value shall
not exceed 0,7 mA peak.

NOTE 1 If one side of the LIMITED CURRENT CIRCUIT has a conductive connection to earth, point B of the
measuring instrument of Figure D.1 should be connected to that side.

When using the measuring instrument of Figure D.2, the measured value of the current shall
not exceed 0,7 mA peak.
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For parts not exceeding 450 V peak or d.c., the circuit capacitance shall not exceed 0,1 uF.

For parts whose voltage, U, exceeds 0,45 kV peak or d.c., but does not exceed 15 kV peak or
d.c., the circuit capacitance shall not exceed 45/U nF, where U is expressed in kilovolts.

NOTE 2 The limit of 45/U corresponds to an available stored charge of 45 uC.

For parts whose voltage, U, exceeds 15 kV peak or d.c., the circuit capacitance shall not

exceed 700/U2 nF, where U is expressed in kilovolts.
NOTE 3 The limit of 700/U2 corresponds to an available energy of 350 mJ.

2.4.3 Connection of limited current circuits to other circuits

LIMITED CURRENT CIRCUITS are permitted to be supplied from or connected to other circuits,
provided that the following conditions are met:

— the LIMITED CURRENT CIRCUIT meets the limits of 2.4.2 under normal operating conditions;

— the LIMITED CURRENT CIRCUIT continues to meet the limits of 2.4.2 imthe event of a single
failure of any component or insulation in the LIMITED CURRENT CIRGUIT, or of any component
or insulation in the other circuit to which it is connected.

If a LIMITED CURRENT CIRCUIT is connected to one or more other’circuits, the LIMITED CURRENT
CIRCUIT is that part which complies with the requirements of 24.1.

2.5 Limited power sources

A limited power source shall comply with one of the-following, a), b), c) or d):

a) the output is inherently limited in compliance with Table 2B; or

b) a linear or non-linear impedance limits the output in compliance with Table 2B. If a
positive temperature coefficient device is used, it shall:
— pass the tests specified in IEC'60730-1, Clauses 15, 17, J.15 and J.17; or
— meet the requirements indEC 60730-1 for a device for Type 2.AL action;

c) a regulating network, *0f’ an integrated circuit (IC) current limiter, limits the output in
compliance with Table-2B, both with and without a simulated single fault (see 1.4.14) in
the regulating network or the IC current limiter (open circuit or short circuit). A single fault

between the input‘and output is not conducted if the IC current limiter meets a suitable
test program._as given in Annex CC;

d) an overcurrent protective device is used and the output is limited in compliance with
Table 2C:

Where-@an overcurrent protective device is used, it shall be a fuse or a non-adjustable, non-
autoreset, electromechanical device.

A’limited power source operated from an AC MAINS SUPPLY, or a battery-operated limited power

source that Is recharged from an AC MAINS SUPPLY while supplying the load, shall Incorporate
an isolating transformer.

Compliance is checked by inspection and measurement and, where appropriate, by
examination of the manufacturer’s data for batteries. Batteries shall be fully charged when
conducting the measurements for U, and I, according to Tables 2B and 2C.

The non-capacitive load referred to in Tables 2B and 2C is adjusted to give the maximum
measured value of I, or S.
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Simulated faults in a regulating network, required according to item c) above, are applied
under the above maximum measured values of I, or S.

Table 2B - Limits for power sources
without an overcurrent protective device

Output voltage ° Output current ¢ Apparent power °°
(Uoe) (Is¢) (S)
Va.c Vd.c A VA
<30 <30 <8,0 <100
- 30 < U, < 60 < 150/U,, <100

a U, Output voltage measured in accordance with 1.4.5 with all load circuits disconnected. Voltages are

for substantially sinusoidal a.c. and ripple free d.c. For non-sinusoidal a.c. and d.c. with-ripple greater
than 10 % of the peak, the peak voltage shall not exceed 42,4 V.

b I,.: Maximum output current with any non-capacitive load, including a short-circuit,

¢ S (VA): Maximum output VA with any non-capacitive load.

d Measurement of /. and S are made 5 s after application of the load(ifi protection is by an electronic
circuit and 60 s for a positive temperature coefficient device,—and-60,60F in other cases.

Table 2C - Limits for power sources with an
overcurrent protective device

Output voltage 2 Qutput Apparent Current rating of
U current b d power ¢d overcurrent
(Uoc) (o) (S) protective device ¢
sC
V a.c. Vd.c. A VA A
<20 <20 <5,0
20 < Uy, <30 20 < U <30 <1000/Uy, < 250 <100/Uq,
- 30\<-U,, < 60 <100/Uq,

a8  U,.: Output voltage measured in accordance with 1.4.5 with all load circuits disconnected. Voltages are
for substantially sinusoidal a.c. and ripple free d.c. For non-sinusoidal a.c. and for d.c. with ripple
greater thant10"% of the peak, the peak voltage shall not exceed 42,4 V.

b J,.: Maximum output current with any non-capacitive load, including a short-circuit, measured 60 s after
applieation of the load.

¢ SAVA): Maximum output VA with any non-capacitive load measured 60 s after application of the load.

d \Current limiting impedances remain in the circuit during measurement, but overcurrent protective
devices are bypassed.

NOTE The reason for making measurements with overcurrent protective devices bypassed is to
determine the amount of energy that is available to cause possible overheating during the operating time

or the overcurrent protective aeviCes.

€  The current ratings of overcurrent protective devices are based on fuses and circuit-breakers that break
the circuit within 120 s with a current equal to 210 % of the current rating specified in the table.

2.6 Provisions for earthing and bonding

NOTE For additional requirements with regard to earthing of equipment to be connected to TELECOMMUNICATION
NETWORKS, see 2.3.2.3, 2.3.2.4, 2.3.3, 2.3.4, 6.1.1 and 6.1.2; and for CABLE DISTRIBUTION SYSTEMS, see 7.2 and

7.4.1.



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

60950-1 © IEC:2005+A1:2009 - 75—
+A2:2013

2.6.1 Protective earthing

The following parts of equipment shall be reliably connected to the main protective earthing
terminal of the equipment.

a) Accessible conductive parts that might assume a HAZARDOUS VOLTAGE in the event of a
single fault (see 1.4.14).

D

Parts to be earthed as rnqnirpd hy 294 d) or p)

O
- £

SELV CIRCUITS, TNV CIRCUITS and accessible conductive parts required to be earthed by
2.3.2.3 or 2.3.2.4, if the power source is not a TELECOMMUNICATION NETWORK oOr a CABLE
DISTRIBUTION SYSTEM.

d) SELV CIRCUITS, TNV CIRCUITS and accessible conductive parts required to be edrthed by
2.3.2.3, if the power source is a TELECOMMUNICATION NETWORK or a CABLE DISTRIBUTION
SYSTEM.

e) Circuits, transformer screens and components (such as surge suppressofrs) that could not
assume a HAZARDOUS VOLTAGE in the event of a single fault (see 1.4.14) but are required
to be earthed in order to reduce transients that might affect insulation (for example,
see 6.2.1 and 7.4.1).

f) SELV CIRCUITS and TNV CIRCUITS that are required to be earthed in order to reduce or
eliminate TOUCH CURRENT to a TELECOMMUNICATION NETWORK or a CABLE DISTRIBUTION
SYSTEM (see 5.1.8.1).

NOTE Parts a), b) and c¢) are likely to carry fault currents intended te operate overcurrent protective devices.
Parts d), e) and f) carry other currents.

In SERVICE ACCESS AREAS, where conductive parts,-such as motor frames, electronic chassis,
etc., might assume a HAZARDOUS VOLTAGE in th'e event of a single fault (see 1.4.14), either
these conductive parts shall be connected to_the 'main protective earthing terminal or, if this is
impossible or impracticable, a suitable marking shall indicate to a SERVICE PERSON that such
parts are not earthed and should be checked for HAZARDOUS VOLTAGE before being touched.

Compliance is checked by inspection‘and, where appropriate, by the test specified in 2.6.3.

2.6.2 Functional earthing

If FUNCTIONAL EARTHING of ‘accessible erinacecessible conductive parts is necessary, all of the
following apply to the FUNCTIONAL EARTHING circuit:

— the FUNCTIONAL.EARTHING circuit shall be separated from parts at HAZARDOUS VOLTAGES in
the equipment by either:

e DOUBLE INSULATION or REINFORCED INSULATION; or
e aprotectively earthed screen or another protectively earthed conductive part, separated
from parts at HAZARDOUS VOLTAGES by at least BASIC INSULATION; and

— -Sittis permitted to connect the FUNCTIONAL EARTHING circuit to a protective earth terminal or
to a PROTECTIVE BONDING CONDUCTOR; and

) 4 H ! 4 1 ! ! £ L I ol ! () 41
- WITHTY WrTmiTars tu U UsCU Uly 1TUT FUNCUTIUNAL EARTHING STidiT TTUOU DT TITdITRCU Uy UIT

symbol é (60417-1EC-5017) or by the symbol @ (60417-1EC-5019), except that, where a
wiring terminal is provided on a component (for example, a terminal block) or

subassembly, the symbol é is permitted; and
NOTE Other markings such as one of the symbols, é (IEC 60417-5018 (DB:2002-10)) or /% (IEC 60417-5020
(DB:2002-10)), if appropriate, are permitted.

— for internal FUNCTIONAL EARTHING conductors, the colour combination green-and-yellow
shall not be used except in multipurpose preassembled components (for example, multi-
conductor cables or EMC filters); and
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For equipment having a power supply cord where a conductor with green-and-yellow
insulation is used only to provide a FUNCTIONAL EARTHING connection:

]

- the equipment shall not be marked with the symbol , IEC 60417-5172 (20083-02); and

- the equipment may be marked with:

e the symbol ' — ', IEC 60417-5018 (2011-07); or

A\
e the symbol , IEC 60417-6092 (2011-10).

These symbols shall not be used for CLASS | EQUIPMENT.

There are no requirements other than those in 3.1.9 (regarding the termination of this
FUNCTIONAL EARTHING conductor at the equipment end.

Compliance is checked by inspection.

2.6.3 Protective earthing conductors and)protective bonding conductors
2.6.3.1 General

PROTECTIVE EARTHING CONDUCTORS a@nd PROTECTIVE BONDING CONDUCTORS shall have sufficient
current-carrying capacity.

The requirements of 2.6.3.2,,2.6.3.3 and 2.6.3.4 apply to PROTECTIVE EARTHING CONDUCTORS
and PROTECTIVE BONDING CONDUCTORS provided to comply with 2.6.1 a), b) and c).

For PROTECTIVE EARTHING CONDUCTORS and PROTECTIVE BONDING CONDUCTORS provided to
comply with 2.6.1.d), the requirements and test of 2.6.3.4 e) apply.

For PROTECTIVE EARTHING CONDUCTORS and PROTECTIVE BONDING CONDUCTORS provided to
comply with- 2.6.1 e) and 2.6.1f), and for FUNCTIONAL EARTHING conductors, the current-
carrying)capacity shall be adequate for the actual current under normal operating conditions,
in accordance with 3.1.1, that is the conductors are not required to carry fault currents to
earth:

5 6.3.2 Size of . hi I

PROTECTIVE EARTHING CONDUCTORS in power supply cords supplied with the equipment shall
comply with the minimum conductor sizes in Table 3B (see 3.2.5).

Compliance is checked by inspection and measurement.

2.6.3.3 Size of protective bonding conductors
PROTECTIVE BONDING CONDUCTORS shall comply with one of the following:

— the minimum conductor sizes in Table 3B (see 3.2.5); or
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— the requirements of 2.6.3.4 and also, if the PROTECTIVE CURRENT RATING of the circuit is
more than 16 A, with the minimum conductor sizes in Table 2D; or

— for components only, be not smaller than the conductors supplying power to the
component.

The PROTECTIVE CURRENT RATING of the circuit (used in Table 2D and in the test of 2.6.3.4)
depends on the provision and location of overcurrent protective devices. It shall be taken as

the smallest or a) or b) or c), as applicable.

a) 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) to protect the equipment, 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.

NOTE 2 In Canada and the United States, the PROTECTIVE CURRENT RATING of the circuit is taken as 20 A.

NOTE 3 In the United Kingdom, the current rating of the circuit shall be taken as 13 A, not 16 A.

b) For PLUGGABLE EQUIPMENT TYPE B and PERMANENTLY CONNECTED EQUIPMENT (see 2.7.1), the
PROTECTIVE CURRENT RATING is the maximum rating of the overeurrent protective device
specified in the equipment installation instructions to be pprovided external to the
equipment (see 1.7.2.3).

c) For any of the above equipment, the PROTECTIVE CURRENT RATING is the rating of an
overcurrent protective device, if provided in or as partcof-the equipment, that protects the
circuit or part required to be earthed.

Compliance is checked by inspection and measurement.

Table 2D — Minimum size of protective bonding conductors

PROTECTIVE CURRENT RATING of the Minimum conductor sizes
circuit
under consideration
Up to and including Cross-sectional area AWG or kcmil
(cross-sectional area
A mm?2 in mm?2)
16 20 Size not specified Size not specified
25 1,5 14 (2)
32 2,5 12 (3)
40 4,0 10 (5)
63 6,0 8 (8)
80 10 6 (13)
100 16 4 (21)
125 25 2 (33)
160 35 1 (42)
190 50 0 (53)
230 70 000 (85)
260 95 0000 (107)
300 120 250 kemil (126)
340 150 300 kcmil (152)
400 185 400 kemil (202)
460 240 500 kcmil (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 Gage and the term "cmil" refers to circular mils where 1 cmil is the area of a
circle having a diameter of 1 mil (one thousandth of an inch). These terms are commonly
used to designate wire sizes in North America.
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2.6.3.4 Resistance of earthing conductors and their terminations

Earthing conductors and their terminations shall not have excessive resistance.
PROTECTIVE EARTHING CONDUCTORS are considered to comply without test.

PROTECTIVE BONDING CONDUCTORS that meet the minimum conductor sizes in Table 3B

tsee—3-2-5)throughout—theirtength—and—whose—termimats—att—meet—the—immunr—sizes—n
Table 3E (see 3.3.5) are considered to comply without test.

Compliance is checked by inspection, measurement and, for PROTECTIVE BONDING
CONDUCTORS that do not meet the minimum conductor sizes in Table 3B (seg-3.2.5)
throughout their length or whose terminals do not all meet the minimum sizes in~Table 3E
(see 3.3.5), by the following test.

The voltage drop in a PROTECTIVE BONDING CONDUCTOR is measured after conducting the test
current for the time period specified below. The test current can be either a.c. or d.c. and the
test voltage shall not exceed 12 V. The measurement is made betweéh the main protective
earthing terminal and the point in the equipment that is required by \2:6.1 to be earthed. The
resistance of the PROTECTIVE EARTHING CONDUCTOR is not included in the measurement.
However, if the PROTECTIVE EARTHING CONDUCTOR is supplied with the equipment, it is
permitted to include the conductor in the test circuit but the measurement of the voltage drop
is made only from the main protective earthing terminal to the’part required to be earthed.

On equipment where the protective earth connection+o,a subassembly or to a separate unit is
by means of one core of a multicore cable that also supplies mains power to that
subassembly or unit, the resistance of the PROTECTIVE BONDING CONDUCTOR in that cable is not
included in the measurement. However, this_¢ption is only permitted if the cable is protected
by a suitably rated protective device that takes into account the size of the conductor.

If the protection of an SELV CIRCUIT qQr,a TNV CIRCUIT is achieved by earthing the protected
circuit itself in accordance with 2:9.4 e), the resistance and the voltage drop limits apply
between the earthed side of the protected circuit and the main protective earthing terminal.

If the circuit is protected by, earthing the winding of a transformer supplying the protected
circuit, the resistance and ‘the voltage drop limits apply between the unearthed side of the
winding and the main protective earthing terminal. The BASIC INSULATION between the primary
and secondary windings is not subjected to the single fault testing required by 5.3.7 and
1.4.14.

Care is taken that the contact resistance between the tip of the measuring probe and the
conductive\part under test does not influence the test results.

The.test current, duration of the test and test results are as follows:

a)—For equipment powered from a MAINS SUPPLY, if the PROTECTIVE CURRENT RATING of the
circuit under test (see 2.6.3.3) is 16 A or less, the test current is 200 % of the PROTECTIVE

CURRENT RATING applied for 120 s.

The resistance of the PROTECTIVE BONDING CONDUCTOR, calculated from the voltage drop,
shall not exceed 0,1 Q. After the test, the PROTECTIVE BONDING CONDUCTOR shall not be
damaged.

b) For equipment powered from an AC MAINS SUPPLY, if the PROTECTIVE CURRENT RATING of the
circuit under test exceeds 16 A, the test current is 200 % of the PROTECTIVE CURRENT
RATING and the duration of the test is as shown in Table 2E.
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Table 2E — Test duration, a.c. mains supplies

c)

d)

e)

PROTECTIVE CURRENT RATING of the circuit
(o) Duration of the test
A min
<30 2
30 < /.. <60 4
60 < /e =100 6
100 < /p, <200 8
> 200 10

The voltage drop in the PROTECTIVE BONDING CONDUCTOR shall not exceed 2)5 V. After the
test the PROTECTIVE BONDING CONDUCTOR shall not be damaged.

As an alternative to b) above, the tests are based on the time-current characteristic of 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 is used.

The voltage drop in the PROTECTIVE BONDING CONDUGTOR shall not exceed 2,5 V. After the
test the PROTECTIVE BONDING CONDUCTOR shall not\be damaged.

For equipment powered from a DC MAINS SURPLY, if the PROTECTIVE CURRENT RATING of the
circuit under test exceeds 16 A, the testrcurrent and duration are as specified by the
manufacturer.

The voltage drop in the PROTECTIVE BONDING CONDUCTOR shall not exceed 2,5 V. After the
test the PROTECTIVE BONDING CONDUCTOR shall not be damaged.

For PROTECTIVE BONDING CONDUCGTORS provided to comply with 2.6.1 d), the test current is
150 % of the maximum currént available under normal operating conditions from the
TELECOMMUNICATION NETWORK or CABLE DISTRIBUTION SYSTEM (if known) with a minimum of
2 A, applied for 120 s. The voltage drop in the PROTECTIVE BONDING CONDUCTOR shall not
exceed 2,5 V.

2.6.3.5 Colour of insulation

The insulation ef\the PROTECTIVE EARTHING CONDUCTOR in a power supply cord supplied with
the equipment shall be green-and-yellow.

If a PROTECTIVE BONDING CONDUCTOR is insulated, the insulation shall be green-and-yellow
exceptin the following two cases:

for an earthing braid, the insulation shall be either green-and-yellow or transparent;

for a PROTECTIVE BONDING CONDUCTOR in assemblies such as ribbon cables, busbars

printed wiring, etc., any colour is permitted provided that no misinterpretation of the use of
the conductor is likely to arise.

Except as permitted in 2.6.2, the colour combination green-and-yellow shall be used only to
identify PROTECTIVE EARTHING CONDUCTORS and PROTECTIVE BONDING CONDUCTORS.

Compliance is checked by inspection.
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2.6.4 Terminals
2.6.4.1 General

The requirements of 2.6.4.2 and 2.6.4.3 apply only to protective earthing terminals provided to
comply with 2.6.1 a), b) and c).

NOTE For additional requirements concerning terminals, see 3.3.

For protective earthing provided to comply with 2.6.1 d), e) and f), it is sufficient for the
terminals to comply with 3.3.

2.6.4.2 Protective earthing and bonding terminals

Equipment required to have protective earthing shall have a main protective earthing’terminal.
For equipment with a DETACHABLE POWER SUPPLY CORD, the earthing terminal in the appliance
inlet is regarded as the main protective earthing terminal.

If equipment is provided with more than one supply connection (for example, with different
voltages or frequencies or as backup power), it is permitted to have a-main protective earthing
terminal associated with each supply connection. In such a case, the'terminals shall be sized
according to the rating of the associated supply input.

Terminals shall be designed to resist accidental loosening-of the conductor. In general, the
designs commonly used for current-carrying terminals, other than some terminals of the pillar
type, provide sufficient resilience to comply with this{requirement; for other designs, special
provisions, such as the use of an adequately resilient part that is not likely to be removed
inadvertently, shall be used.

Except as noted below, all pillar, stud or{screw type protective earthing and protective
bonding terminals shall comply with the minimum size requirements of Table 3E (see 3.3.5).

Where a terminal for a PROTECTIVE ‘BONDING CONDUCTOR does not comply with Table 3E
(see 3.3.5), the test of 2.6.3.4 shall be applied to the PROTECTIVE BONDING CONDUCTOR path in
which the terminal is used.

The main protective earthing terminal for PERMANENTLY CONNECTED EQUIPMENT shall be

— located so that it(s readily accessible while making the supply connections, and

— provided withwfactory installed pillar terminals, studs, screws, bolts or similar terminals,
together with~the necessary fixing hardware, if a PROTECTIVE EARTHING CONDUCTOR larger
than 7 mm2{3 mm diameter) is required.

Compliahce is checked by inspection and measurement.

2(6.4.3 Separation of the protective earthing conductor from protective bonding
conductors

Separate wiring terminals, which may be on the same busbar, shall be provided, one for the
PROTECTIVE EARTHING CONDUCTOR, or one for each PROTECTIVE EARTHING CONDUCTOR if more
than one is provided, and one or more for PROTECTIVE BONDING CONDUCTORS.

However, it is permitted to provide a single wiring terminal of the screw or stud type in
PERMANENTLY CONNECTED EQUIPMENT having a NON-DETACHABLE POWER SUPPLY CORD, and in
PLUGGABLE EQUIPMENT having a special NON-DETACHABLE POWER SUPPLY CORD, provided that
the wiring termination of the PROTECTIVE EARTHING CONDUCTOR is separated by a nut from that
of the PROTECTIVE BONDING CONDUCTORS. The order of stacking of the terminations of the
PROTECTIVE EARTHING CONDUCTOR and the PROTECTIVE BONDING CONDUCTORS is not specified.
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It is also permitted to provide a single wiring terminal in equipment with an appliance inlet.
Compliance is checked by inspection.

2.6.5 Integrity of protective earthing

2.6.5.1 Interconnection of equipment

In a system of interconnected equipment, the protective earthing connection shall be ensured
for all equipment requiring a protective earthing connection, regardless of the arrangement’ef
equipment in the system.

Equipment that contains a PROTECTIVE BONDING CONDUCTOR to maintain coptinuity of
protective earthing circuits to other equipment in the system, shall not be marked with the
symbol [[J] (IEC 60417-5172 (DB:2003-02)).

Such equipment shall also provide power to the other equipment in the system (see 2.6.5.3).
Compliance is checked by inspection.

2.6.5.2 Components in protective earthing conductors and protective bonding
conductors

PROTECTIVE EARTHING CONDUCTORS and PROTECTIVE BONDING CONDUCTORS shall not contain
switches or overcurrent protective devices.

Compliance is checked by inspection.

2.6.5.3 Disconnection of protective earth
Protective earthing connections shall.be such that disconnection of a protective earth at one

point in a unit or a system does not*break the protective earthing connection to other parts or
units in a system, unless the releyant hazard is removed at the same time.

Compliance is checked by inspection.

2.6.5.4 Parts that can‘be removed by an operator

Protective earthing® connections shall make earlier and break later than the supply
connections ineach of the following:

— the connector of a part that can be removed by an OPERATOR,;
— agplug on a power supply cord;

—~an appliance coupler.

Compliance is checked by inspection.

2.6.5.5 Parts removed during servicing
Protective earthing connections shall be so designed that they do not have to be

disconnected for servicing other than for the removal of the part that they protect unless the
relevant hazard is removed at the same time.

Compliance is checked by inspection.
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2.6.5.6 Corrosion resistance

Conductive parts in contact at protective earthing and protective bonding terminals and
connections shall not be subject to significant corrosion due to electrochemical action in any
working, storage or transport environment conditions as specified in the instructions supplied
with the equipment. Combinations above the line in Annex J shall be avoided. Corrosion
resistance can be achieved by a suitable plating or coating process.

Compliance is checked by inspection and by reference to the table of electrochemical
potentials (Annex J).

2.6.5.7 Screws for protective bonding

NOTE The following requirements are additional to those in 3.1.6.

Self-tapping (thread-cutting and thread-forming) and spaced thread (sheet metal) screws are
permitted to provide protective bonding but it shall not be necessary to disturb’the connection
during servicing.

In any case, the thickness of the metal part at the point where a screw is threaded into it shall
be not less than twice the pitch of the screw thread. It is permitied to use local extrusion of a
metal part to increase the effective thickness.

At least two screws shall be used for each connection. However, it is permitted to use a single
self-tapping screw provided that the thickness of the metal part at the point where the screw
is threaded into it is a minimum of 0,9 mm for a screw of the thread-forming type and 1,6 mm
for a screw of the thread-cutting type.

Compliance is checked by inspection.

2.6.5.8 Reliance on telecommunication’network or cable distribution system

Protective earthing shall not rely ognva TELECOMMUNICATION NETWORK or a CABLE DISTRIBUTION
SYSTEM.

Compliance is checked by inspection.

2.7 Overcurrent and earth fault protection in primary circuits
2.7.1 Basic requirements

Protection in” PRIMARY CIRCUITS against overcurrents, short-circuits and earth faults shall be
provided, &ither as an integral part of the equipment or as part of the building installation.

If PLUGGABLE EQUIPMENT TYPE B or PERMANENTLY CONNECTED EQUIPMENT relies on protective
devices external to the equipment for protection, the equipment installation instructions shall
so~state and shall also specify the requirements for short-circuit protection or overcurrent
protection or_where necessary far haoth

NOTE In the member countries of CENELEC and in China, the protective devices necessary to comply with the
requirements of 5.3 must, with certain exceptions, be included as part of the equipment.

Compliance is checked by inspection.

2.7.2 Faults not simulated in 5.3.7

Protection against faults not simulated in 5.3.7 (for example, short-circuits to protective earth
from wiring in a PRIMARY CIRCUIT) need not be fitted as an integral part of the equipment.

Compliance is checked by inspection.
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2.7.3 Short-circuit backup protection
Unless appropriate short-circuit backup protection is provided, protective devices shall have

adequate breaking (rupturing) capacity to interrupt the maximum fault current (including short-
circuit current) which can flow.

For PERMANENTLY CONNECTED EQUIPMENT or PLUGGABLE EQUIPMENT TYPE B, it is permitted for
short-circuit h:mknp prn’rnriinn to be in the hnilriing installation

For PLUGGABLE EQUIPMENT TYPE A, the building installation is considered as providing short-
circuit backup protection.

NOTE |If fuses complying with IEC 60127 are used in PRIMARY CIRCUITS, they should have high breaking,capacity
(1 500 A) if the prospective short-circuit current exceeds 35 A or ten times the current rating of the fuse) whichever
is greater.

Compliance is checked by inspection and by the tests of 5.3.

2.7.4 Number and location of protective devices

Protective systems or devices in PRIMARY CIRCUITS shall be in such_a number and located so
as to detect and to interrupt the overcurrent flowing in any p@ssible fault current path (for
example, line-to-line, line-to-neutral, line to protective earth conductor or line to PROTECTIVE
BONDING CONDUCTOR).

No protection is required against earth faults in equipment that either:

— has no connection to earth; or

— has DOUBLE INSULATION or REINFORCED INSULATION between the PRIMARY CIRCUIT and all
parts connected to earth.

NOTE 1 Where DOUBLE INSULATION or REINFORCED INSULATION is provided, a short-circuit to earth would be
considered to be two faults.

In a supply using more than one line conductor to a load, if a protective device interrupts the
neutral conductor, it shall alsgnterrupt all other supply conductors. Single-pole protective
devices, therefore, shall not be‘used in such cases.

Compliance is checked by inspection and, where necessary, by simulation of single fault
conditions (see 1.4.14):

NOTE 2 For protective devices that are an integral part of the equipment, examples of the number and location of
fuses or circuit-breaker poles necessary to provide fault current interruption in commonly encountered supply
systems are given’/ in informative Table 2F for single-phase equipment or subassemblies and in informative
Table 2G for, three-phase equipment. The examples are not necessarily valid for protective devices external to the
equipments
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Table 2F — Informative examples of protective devices in
single-phase equipment or subassemblies
. Minimum number
Equipment supply connections Protection of fuses or Location
against

circuit-breaker poles

Case A:

Earth faults

1

Line conductor

— + 4+ 4 lo to ol &

I_L'ul'llllUlll W ouC CUTIMoTUilTU U PUVVUI
distribution systems with earthed neutral
reliably identified, except for case C below

Either of the two

Overcurrent 1
conductors
Case B: Earth faults 2 Both conductors
Equipment to be connected to any
supply, including IT power distribution
systems and supplies with reversible Either of the two
plugs, except for case C below Overcurrent 1 conduttars
Case C: Earth faults 2 Each line conductor
Equipment to be connected to three-wire
power distribution systems with earthed Overcurrent 2 Each line conductor

neutral reliably identified

Table 2G - Informative examples of protective devices

in three-phase equipment

Number . Minimum number
Power distribution system of supply Protection of fuses or circuit- Location
conductors against breaker poles

Three-phase without neutral 3 Earth faults 3 All three conductors
Overcurrent 2 Any two conductors

With earthed neutral (TN or TT) 4 Earth faults 3 Each line conductor
Overcurrent 3 Each line conductor

With unearthed neutral 4 Earth faults 4 All four conductors
Overcurrent 3 Each line conductor

2.7.5 Protection.by several devices

Where protective devices are used in more than one pole of a supply to a given load, those
devices shall be located together. It is permitted to combine two or more protective devices in

one component.

Compliance is checked by inspection.

2.7.6 Warning to service persons

Suitable marking shall be provided on the equipment or a statement shall be provided in the
servicing instructions to alert a SERVICE PERSON to a possible hazard, where both of the

following conditions exist:

— fuse is used in the neutral of single-phase equipment either permanently connected or
provided with a non-reversible plug; and

— after operation of the fuse, parts of the equipment that remain energized might represent a

hazard during servicing.
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The following or similar wording is regarded as suitable:

CAUTION
DOUBLE POLE/NEUTRAL FUSING

As an alternative to the above wording, use of the following combination of representative
symbols, which includes the electric shock hazard symbol ISO 3864, No. 5036, the fuse

Symbol TEC-6041T7- 5016 (DB:2002-10), and an indication that the fuse is in the neutral N, IS
permitted. However in this case, the statement shall also be provided in the servicing

instructions.
A —n

Compliance is checked by inspection.

2.8 Safety interlocks
2.8.1 General principles

SAFETY INTERLOCKS shall be provided where OPERATOR access“involves areas normally
presenting hazards in the meaning of this standard.

Compliance is checked by inspection.

2.8.2 Protection requirements

SAFETY INTERLOCKS shall be so designed that_thé hazard will be removed before the covers,
doors, etc., are in any position that will permif*‘contact with hazardous parts by the test finger,
Figure 2A (see 2.1.1.1).

For protection against electric shockiradiation and energy hazards, removal, opening or
withdrawal of the cover, door, etc., shall either:

— necessitate previous de-energization of such parts; or

— automatically initiate disconnection of the supply to such parts, and reduce within 2 s the
voltage to 42,4 V peak;-or 60 V d.c., or less, and the energy level to less than 20 J.

For a moving part that/will continue to move through momentum and will continue to present a
mechanical hazatd (for example, a spinning print drum), removal, opening or withdrawal of
the cover, doar;\etc., shall either:

— necessitate previous reduction of movement to an acceptable safe level; or

— automatically initiate reduction of the movement to an acceptable safe level.

Compliance is checked by inspection, measurement and use of the test finger, Figure 2A
(see 2.1.1.1).

2.8.3 Inadvertent reactivation

SAFETY INTERLOCKS shall be designed so that inadvertent reactivation of the hazard cannot
occur when covers, guards, doors, etc., are not in the closed position.

Any accessible SAFETY INTERLOCK that can be operated by means of the test finger, Figure 2A
(see 2.1.1.1), is considered to be likely to cause inadvertent reactivation of the hazard.
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SAFETY INTERLOCK switches shall be selected taking into account the mechanical shock and
vibration experienced in normal operation, so that this does not cause inadvertent switching to
an unsafe condition.

Compliance is checked by inspection and, where necessary, by a test with the test finger,
Figure 2A (see 2.1.1.1).

[ 2.8.4  Fail-safe operation
A SAFETY INTERLOCK system shall be so designed and constructed that either:

— a failure of the SAFETY INTERLOCK system during the normal life of the equipment is not
likely to occur and, even if a failure should occur, it shall not create an extreme hazard; or

— a failure of the SAFETY INTERLOCK system during the normal life of the~equipment is
possible, the probable failure mode(s) will not create a hazard for which “protection is
required.

For protection against extreme hazard, either a redundant system of {W® SAFETY INTERLOCK
systems shall be used or the fixed separation distances in a single SARETY INTERLOCK system
circuit (for example, those associated with printed boards) shallméet the requirements for
REINFORCED INSULATION.

NOTE A SAFETY INTERLOCK system is considered to consist of the compofignts/elements that are directly capable

of disconnecting the hazardous part (for example, relay contacts or a switch)including components (for example, a
relay coil) and other parts forming part of the initiation circuit (for examplg) those mounted on printed boards).

Compliance is checked by inspection of the SAFETY\INFERLOCK system, circuit diagrams and
available data and, if necessary, by simulation of\single faults (see 1.4.14) (for example,
failure of a semi-conductor device or an electromechanical component). Moving mechanical
parts in mechanical and electromechanical systems are not subjected to simulated single
faults if they comply with 2.8.5 and 2.8.7.“Fixed separation distances in SAFETY INTERLOCK
system circuits (for example, those associated with printed boards) that protect against other
than extreme hazards are not subjectedN0 simulated single faults if the separation distances
comply with 2.8.7.1.

It is permitted to use simulated SAFETY INTERLOCK systems for tests.

2.8.5 Moving parts

Moving mechanical parts in mechanical and electromechanical SAFETY INTERLOCK systems
shall have adequate enhdurance.

Compliance js.checked by inspection of the SAFETY INTERLOCK system, available data and, if
necessary, by cycling the SAFETY INTERLOCK system through 10 000 operating cycles without
failure other than in a safe mode.

NOTE\.The above test is conducted to check the endurance of moving parts other than those in SAFETY INTERLOCK
switches and relays. SAFETY INTERLOCK switches and relays, if any, are subject to 2.8.7. If the test of 2.8.7.3 is
required in addition to the above test, the tests should be combined.

2.8.6 Overriding

Where it may be necessary for a SERVICE PERSON to override a SAFETY INTERLOCK, the override
system shall comply with all of the following:

— require an intentional effort to operate; and

— reset automatically to normal operation when servicing is complete, or prevent normal
operation unless the SERVICE PERSON has reset the SAFETY INTERLOCK; and

— require a TooL for operation when in an OPERATOR ACCESS AREA and not be operable with
the test finger, Figure 2A (see 2.1.1.1); and
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— not bypass a SAFETY INTERLOCK for an extreme hazard unless another reliable means of
safety protection becomes effective when the SAFETY INTERLOCK is thus bypassed. The
equipment shall be designed such that the SAFETY INTERLOCK cannot be bypassed until the
other means of protection is fully in place and operational.

Compliance is checked by inspection.

2.8.7  Switehes—rel | theirrelated-ciroui
A switch in a SAFETY INTERLOCK system shall:

— conform to IEC 61058-1, with evaluation for 10 000 operating cycles in accordance, with
7.1.4.4 of IEC 61058-1; or

— comply with 2.8.7.1 and pass the tests of 2.8.7.3 and 2.8.7.4; or
— pass the tests of 2.8.7.2, 2.8.7.3 and 2.8.7 .4.

A relay in a SAFETY INTERLOCK system shall:

— comply with 2.8.7.1 and pass the tests of 2.8.7.3 and 2.8.7.4; or
— pass the tests of 2.8.7.2, 2.8.7.3 and 2.8.7 .4.

Compliance is checked by inspection and by the relevant te§tsof 2.8.7.1 to 2.8.7.4.

2.8.7.1 Separation distances for contact gaps and(their related circuits

If the separation distances for contact gaps an@)their related circuits are located in the
PRIMARY CIRCUIT, the contact—gap separatiop~distances shall not be less than that for a
disconnect device (see 3.4.2). If the contaet-gap separation distance is located in a circuit
other than a PRIMARY CIRCUIT, the contactgap separation distance shall be not less than the
relevant minimum CLEARANCE value for BASIC INSULATION in a SECONDARY CIRCUIT specified in
2.10.3 (or Annex G).

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

2.8.7.2 Overload test

The contact of a switch or relay in the SAFETY INTERLOCK system switch-orrelay is subjected to
an overload test consisting of 50 cycles of operation at the rate of 6 to 10 cycles per minute,
making and breaking 150 % of the current imposed in the application, except that where a
switch or relay~contact switches a motor load, the test is conducted with the rotor of the motor
in a locked condition. After the test, the SAFETY INTERLOCK system, including the switch or
relay, shall'still be functional.

2.8.7.3 Endurance test

The contact of a switch or relay in the SAFETY INTERLOCK system switch-orrelay is subjected to

an endurance test, making and breaking 100 % of the current imposed in the application at a
rate of 6 to 10 cycles of operation per minute. A higher rate of cycling is permitted if
requested by the manufacturer. For reed switches used in SAFETY INTERLOCK systems located
in ELV CIRCUITS, SELV CIRCUITS and TNV-1 CIRCUITS, the test is 100 000 operating cycles. For
other switches and relays in SAFETY INTERLOCK systems, the test is 10 000 operating cycles.
After the test, the SAFETY INTERLOCK system, including a switch or relay, shall still be
functional.
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2.8.7.4 Electric strength test

Except for reed switches in ELV CIRCUITS, SELV CIRCUITS and TNV-1 CIRCUITS, an electric
strength test as specified in 5.2.2, is applied between the contacts of the relays and switches
after the tests of 2.8.7.2 and 2.8.7.3. If the contact is in a PRIMARY CIRCUIT, the test voltage is
as specified for REINFORCED INSULATION. If the contact is in a circuit other than a PRIMARY
CIRCUIT, the test voltage is as specified for BASIC INSULATION in a PRIMARY CIRCUIT.

2.8.8 Mechanical actuators

Where the actuating part in a mechanical SAFETY INTERLOCK system is relied upon for safety,
precautions shall be taken to ensure that it is not overstressed. If this requirementfis-not
covered by the design of the component, the over-travel beyond the operating position of the
actuator shall be limited to 50 % of the maximum, for example, by its mounting or_Igeation, or
by adjustment.

Compliance is checked by inspection and measurement.

2.9 Electrical insulation
2.9.1 Properties of insulating materials

The choice and application of insulating materials shall ¢take into account the needs for
electrical, thermal and mechanical strength, frequency ‘of 'the WORKING VOLTAGE and the
working environment (temperature, pressure, humidity and pollution).

Natural rubber, hygroscopic materials and materialsycontaining asbestos shall not be used as
insulation.

Driving belts and couplings shall not be relied upon to ensure electrical insulation, unless the
belt or coupling is of a special design thatwvemoves the risk of inappropriate replacement.

Compliance is checked by inspectionand, where necessary, by evaluation of the data for the
material.

Where necessary, if the data does not confirm that the material is non-hygroscopic, the
hygroscopic nature of the:material is determined by subjecting the component or subassembly
employing the insulatien”in question to the humidity treatment of 2.9.2. The insulation is then
subjected to the relevant electric strength test of 5.2.2 while still in the humidity cabinet, or in
the room in which:the samples were brought to the prescribed temperature.

2.9.2 Humidity conditioning

Where‘required by 2.9.1, 2.10.8.3, 2.10.10 or 2.10.11, humidity conditioning is conducted for
48 hJin’a cabinet or room containing air with a relative humidity of 91-%t6-95% (93 + 3) %.
The\temperature of the air, at all places where samples can be located, is maintained within
4-C- + 2°C of any convenient value t between 20 °C and 30 °C such that condensation does

not

(]

cour Durina thic caonditionina tha caomnaonant nr cithaccamhlv ic nnt anaraizad
1Ot tH—o ARG5S 6OREHHOHAGtHE-6OHPOAETH—OSUOASSEMIoy—SHOt-EGHErgH£e 6~

For equipment designated for use in tropical conditions, the time duration shall be 120 h at a
temperature of (40 + 2) °C and a relative humidity of (93 # 3) %.

With the concurrence of the manufacturer, it is permitted to increase the-48-h time durations.

Before the humidity conditioning the sample is brought to a temperature between t and
t+4°C
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2.9.3 Grade of insulation

Insulation shall be considered to be FUNCTIONAL INSULATION, BASIC INSULATION, SUPPLEMENTARY
INSULATION, REINFORCED INSULATION or DOUBLE INSULATION.

The application of insulation in many common situations is described in Table 2H and
illustrated in Figure 2H, but other situations and solutions are possible. These examples are
informative: in some cases the necessary gradn of insulation may bhe highpr or lower \Where a

different grade may be necessary, or if a particular configuration of energized parts is not
represented in the examples, the necessary grade of insulation should be determined by
considering the effect of a single fault (see 1.4.14). This should leave the requirements|for
protection against electric shock intact.

In certain cases, insulation may be bridged by a conductive path (for example, where 1.5.6,
1.5.7, 2.2.4, 2.3.4 or 2.4.3 applies) provided that the level of safety is maintained.

For DOUBLE INSULATION it is permitted to interchange the BASIC INSULATION.and SUPPLEMENTARY
INSULATION elements. Where DOUBLE INSULATION is used, ELV CIRCUITS or~unearthed conductive
parts are permitted between the BASIC INSULATION and the SUPRLEMENTARY INSULATION
provided that the overall level of insulation is maintained.

A BOUNDING SURFACE is treated as an unearthed SELV CIRCUIT if\it' is part of either:

— an unearthed conductive ENCLOSURE; or

— a non-conductive ENCLOSURE.

Compliance is checked by inspection.
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Table 2H - Examples of application of insulation
Grade of Location of insulation Key to
insulation between and Figure 2H
FUNCTIONAL 2 unearthed SELV CIRCUIT — earthed conductive part F1
or double-insulated — double-insulated conductive part F2
conductive part — unearthed SELV CIRCUIT F2
= earthed SELV CIRCUIT FT
— earthed TNV-1 CIRCUIT F10 f
earthed SELV CIRCUIT — earthed SELV CIRCUIT F11
— earthed conductive part F11
— unearthed TNV-1 CIRCUIT F124f
— earthed TNV-1 CIRCUIT Fq3'
ELV CIRCUIT or basic- — earthed conductive part F3
insulated conductive part —  earthed SELV CIRCUIT F3
— basic-insulated conductive part F4
— ELV CIRCUIT F4
earthed HAZARDOUS earthed HAZARDOUS VOLTAGE
VOLTAGE SECONDARY CIRCUIT F5
SECONDARY CIRCUIT
TNV-1 CIRCUIT TNV-1 CIRCUIT F7
TNV-2 CIRCUIT TNV-2 CIRCUIT F8
TNV-3 CIRCUIT TNV-3 CIRCUIT F9
series-parallel sections F6
of a transformer winding
BASIC PRIMARY CIRCUIT — earthed or ifearthed HAZARDOUS VOLTAGE
SECONDARY'CIRCUIT B1
— earthed\.conductive part B2
— earthed SELV CIRCUIT B2
— (basic-insulated conductive part B3
<\_ELV CIRCUIT B3
earthed or unearthed - unearthed HAZARDOUS VOLTAGE SECONDARY
HAZARDOUS VOLTAGE CIRCUIT B4
SECONDARY CIRCUIT — earthed conductive part B5
— earthed SELV CIRCUIT B5
— basic-insulated conductive part B6
— ELV CIRCUIT B6
unearthed SELV CIRCUIT — unearthed TNV-1 CIRCUIT B7 f
or double-ifisulated — TNV-2 CIRCUIT B8 d
condugctive part —  TNV-3 CIRCUIT Bgde
earthed SELV CIRCUIT — TNV-2 CIRCUIT B10 d
— TNV-3 CIRCUIT B11de
TNV-2 CIRCUIT — unearthed TNV-1 CIRCUIT B12de
— earthed TNV-1 CIRCUIT B13def
— TNV-3 CIRCUIT B14 f
TNV-3 CIRCUIT — unearthed TNV-1 CIRCUIT B12
— earthed TNV-1 CIRCUIT B13 d
SUPPLEMENTARY basic-insulated conductive — double-insulated conductive part S1b
part or ELV CIRCUIT — unearthed SELV CIRCUIT S1b
INV CIRCUTT - Ddbib-iflbuldleu LO[IUULliVS pdrt pSy4 o
— ELV CIRCUIT S2
SUPPLEMENTARY unearthed HAZARDOUS — double-insulated conductive part S/R1 ¢
or REINFORCED VOLTAGE SECONDARY CIRCUIT | = ynearthed SELV CIRCUIT S/R1 ¢
— TNV CIRCUIT S/R2 ¢
REINFORCED PRIMARY CIRCUIT — double-insulated conductive part R1
— unearthed SELV CIRCUIT R1
— TNV CIRCUIT R2
earthed HAZARDOUS — double-insulated conductive part R3
VOLTAGE — unearthed SELV CIRCUIT R3
SECONDARY CIRCUIT — TNV CIRCUIT R4

The term "conductive part" refers to an electrically conductive part that is
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Grade of Location of insulation Key to
insulation between and Figure 2H

not normally energized, and
not connected to any of the following:
* acircuit at HAZARDOUS VOLTAGE, or

* an ELV CIRCUIT, or

¢ a TNV CIRCUIT, or
¢ an SELV CIRCUIT, or

* a LIMITED CURRENT CIRCUIT.

Examples of such a conductive part are the BODY of equipment, a transformer core, and in some(cases a
conductive screen in a transformer.

If such a conductive part is protected from a part at HAZARDOUS VOLTAGE by:

DOUBLE INSULATION or REINFORCED INSULATION, it is termed a "double-insulated conductive part";
BASIC INSULATION plus protective earthing, it is termed an "earthed conductive part";

BASIC INSULATION but is not earthed, that is it has no second level of protection, it is térmmed a "basic-insulated
conductive part".

A circuit or conductive part is termed "earthed" if it is connected to a protective.earthing terminal or contact in
such a way as to meet the requirements in 2.6 (although it will not necessarily.be“at earth potential). Otherwise
the circuit or conductive part is termed "unearthed".

For requirements for FUNCTIONAL INSULATION, see 5.3.4.

The WORKING VOLTAGE of the SUPPLEMENTARY INSULATION between an ELV CIRCUIT or a basic-insulated
conductive part and an unearthed accessible conductive part {s’equal to the most onerous WORKING VOLTAGE
for the BASIC INSULATION. The most onerous WORKING YOLRTAGE may be due to a PRIMARY CIRCUIT or
SECONDARY CIRCUIT and the insulation is specified accordingly.

Insulation between an unearthed SECONDARY CIRCUIT.'dt HAZARDOUS VOLTAGE and an unearthed accessible
conductive part or circuit (S/R, S/R1 or S/R2 in Figure 2H) shall satisfy the more onerous of the following:

— REINFORCED INSULATION whose WORKING VOLTAGE is equal to the HAZARDOUS VOLTAGE; or

— SUPPLEMENTARY INSULATION whose WORKING VOLTAGE is equal to the voltage between the SECONDARY
CIRCUIT at HAZARDOUS VOLTAGE and

* another SECONDARY CIRCUIT at HAZARDOUS VOLTAGE, or
* a PRIMARY CIRCUIT.
These examples apply if:
— there is only BASIC INSULATION between the SECONDARY CIRCUIT and the PRIMARY CIRCUIT; and
— there is only BASIC INSULATION between the SECONDARY CIRCUIT and earth.
BASIC INSULATION is nat always required (see 2.3.2.1 and 2.10.5.13).
The requirementstof 2.10 apply, see also 6.2.1.

The requireméents of 2.10 do not apply, however see 6.2.1.
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Similar circuit or
conductive part

PRIMARY CIRCUIT [ jfe—» 1]
A R A B F6
Unearthed \} B1
HAZARDOUS VOLTAGE fe— ]
SECONDARY CIRCUIT r NP i B4
\81
Earthed
HAZARDOUS VOLTAGE T + e
SECONDARY CIRCUIT R B
B3 B6 B6
ELV CIRCUIT or \% \ \
basic-insulated jfe— 1]
conductive part 4s A F4
c)
R1 R3 KS/R1{S1
Unearthed SELV CIRCUIT \ \ \ \
or double-insulated | H—H:|
conductive part
P B6 4B *F F2
B2 | B5 | B5 F3 yF 1
Earthed SELV CIRCUIT I < — ]
1 Y F11
B F
R2 (R4 S/RCZ) S2 ) N
NV VY N N
Unearthed TNV-1 CIRCUIT | | jf— ]
5 F7
c) f f
\52 \R4 \SJRZ \82 ) )
F10 | F13
Earthed TNV-1 CIRCUIT | v v H—H:|
7y F7
B
R2 | R4 S/RCZ) s2 dje) d e
\ \ \ \ \*513 \BB \810\812
TNV-2 CIRCUIT | l— [ ]
[} F8
B
o) d| H| e de)
R2 R4 .| SIR2| S2 B13 [ B14 | B9 | B11 | B12
\4 v \ 4 v v \4 \4 \4 v
TNV-3 CIRCUIT | fe—— ]
F9
F: FUNCTIONAL INSULATION B: BASIC INSULATION
S: SUPPLEMENTARY INSULATION S/R: see Footnote c in Table 2H

R: REINFORCED INSULATION IEC 1550/05
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Similar circuit or
conductive part
PRIMARY CIRCUIT [ [&—»] ]
A R 45 F6
Unearthed \ B1
HAZARDOUS VOLTAGE J[e—»]
SECONDARY CIRCUIT 4 S/IR 3 B B4
\}81
Earthed
HAZARDOUS VOLTAGE : T DI
SECONDARY CIRCUIT R B
B3 K B6 K B6
ELV CIRCUIT or \} \ \
basic-insulated j&——»]
conductive part 4As Ar F4
R1 R3 S/R(;I) S1 b)
Unearthed SELV CIRCUIT \ \ \ \
or double-insulated | I‘—":|
conductive part
P 86 ¥ [ Y= F2
B2 B5 B5 F3 \ F1
Earthed SELV CIRCUIT | y v v Y ]
55 = F11
c) f) f)
R2 R4 KS/R2K S2
NIV VN N N
Unearthed TNV-1 CIRCUIT | [ HTH:I
7y
B
R2 R4 S/RZ) S2 h f
NN IV NN F10 | F13
Earthed TNV-1 CIRCUIT | ¢ Yoy e
Y B F7
c)
d)f) d d d)e)
R2 R4 KS/R2K S2
\} \ \; \ \513 \}BS \}810\812
TNV-2 CIRCUIT | l—»]
A B F8
o) al  fl de)l de
R2 R4 | S/IR2| S2 B13 | B14 | B9 | B11 | B12
v v Yy v v v A LA /
TNV-3 CIRCUIT | l—]
F9

F: FUNCTIONAL INSULATION
S: SUPPLEMENTARY INSULATIQN
R: REINFORCED INSULATION

B: BASIC INSULATION

S/R: see Footnote c in Table 2H

NOTE The references b), ¢), d), e) and f) refer to the corresponding footnotes in Table 2H.

Figure 2H — Examples of application of insulation

2,9:4" Separation from hazardous voltages

IEC 712/13

Where accessible conductive parts, including SELV CIRCUITS, TNV CIRCUITS and their related

windings, are separated from parts at HAZARDOUS VOLTAGE, the following constructions are
permitted. The insulation, including each element of DOUBLE INSULATION, shall be rated for the
WORKING VOLTAGE, or if applicable the REQUIRED WITHSTAND VOLTAGE, between the parts. The
different methods of separation fall into three groups, methods 1, 2 and 3.

a) (Method 1) DOUBLE INSULATION or REINFORCED INSULATION providing permanent separation,

assured by barriers, routing or fixing; or

b) (Method 1) DOUBLE INSULATION or REINFORCED INSULATION on or between the parts to be

separated; or
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¢) (Method 1) DOUBLE INSULATION, consisting of BASIC INSULATION on one of the parts to be
separated and SUPPLEMENTARY INSULATION on the other part; or

d) (Method 2) BASIC INSULATION on the part at a HAZARDOUS VOLTAGE, together with protective
screening connected to the main protective earthing terminal in accordance with 2.6.1 b);
or

o) {I\llnfhnr{ Q\ BASIC—INSULATION—O0R—the parf at—a— HAZARDOUS VOL FAGE; fnnnfhnr with

connect|on of the other part to the main protective earthing terminal in accordance with
2.6.1 b), such that the voltage limits for the accessible part are maintained by relative
circuit impedances or by the operation of a protective device; or

f) any other construction providing equivalent separation.

NOTE 1 For examples of other constructions providing equivalent separation, see Table 2H and Figure 2H.

For e), it is permitted to protect a circuit by earthing a part other than the ‘protected circuit
itself, for example, the secondary winding of a transformer supplying the protected circuit.

NOTE 2 The consequences of the circuit possibly being earthed at a second pointgfor example, by connection to
other equipment, should be considered.

Compliance is checked by inspection.

2.10 Clearances, creepage distances and distances through insulation
2101 General

In general, compliance with 2.10.1 is checked “by inspection and, when necessary, by
measurement.

2.10.1.1 Frequency

The insulation requirements given in(210 are for frequencies up to 30 kHz. It is permitted to
use the same requirements for insulation operating at frequencies over 30 kHz until additional
data is available.

NOTE For information on insulation behaviour in relation to frequency see IEC 60664-1 and IEC 60664-4.
2.10.1.2 Pollution degrees
Pollution degrees areclassified as follows:

— Pollution _Degree 1 applies where there is no pollution or only dry, non-conductive
pollutiont The pollution has no influence. Normally, this is achieved by having components
and subassemblies adequately enclosed by enveloping or hermetic sealing so as to
exclyde dust and moisture (see 2.10.12).

— _<Pollution Degree 2 applies where there is only non-conductive pollution that might
temporarily become conductive due to occasional condensation. It is generally appropriate
for equipment covered by the scope of this standard.

— Pollution Degree 3 applies where a local environment within the equipment is subject to
conductive pollution, or to dry non-conductive pollution that could become conductive due
to expected condensation.

2.10.1.3 Reduced values for functional insulation

There is no minimum CLEARANCE or CREEPAGE DISTANCE for FUNCTIONAL INSULATION unless it is
required by 5.3.4 a).

NOTE If CLEARANCES and CREEPAGE DISTANCES for FUNCTIONAL INSULATION are smaller than those specified in
2.10.3, 2.10.4 and Annex G, they are subject to the requirements of 5.3.4 b) or 5.3.4 c).
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2.10.1.4 Intervening unconnected conductive parts

It is permitted for CLEARANCES and CREEPAGE DISTANCES to be divided by intervening,
unconnected (floating) conductive parts, such as unused contacts of a connector, provided
that the sum of the individual distances meets the specified minimum requirements,
see Table F.1 and Figure F.13.

21015 Insulation with varying dimensions

If the insulation of a transformer has different WORKING VOLTAGES along the length of the
winding, it is permitted to vary CLEARANCES, CREEPAGE DISTANCES and distances through
insulation accordingly.

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

2.10.1.6 Special separation requirements

The requirements of 2.10 and Annex G do not apply to separation provided to comply with
2.3.2 unless BASIC INSULATION is used, nor to separation provided\ter comply with 6.1.2 or
6.2.1.

NOTE See also Footnote f of Table 2H.

2.10.1.7 Insulation in circuits generating starting pulses

For a circuit generating starting pulses to ignite @ discharge lamp, and if the circuit is a
LIMITED CURRENT CIRCUIT complying with 2.4, thé)requirements for FUNCTIONAL INSULATION
apply between the circuit and other conductive-parts (see 5.3.4).

If the circuit is not a LIMITED CURRENTMNEIRCUIT, the requirements for BASIC INSULATION,
SUPPLEMENTARY INSULATION and REINFOREED INSULATION apply to CREEPAGE DISTANCES and
distances through insulation. For CLEARANCES, see 2.10.3.5.

NOTE For WORKING VOLTAGES in the above cases, see 2.10.2.1 i).

2.10.2 Determination of working voltage

In general, complianceowith 2.10.2 is checked by inspection and, when necessary, by
measurement.

2.10.2.1 General
In determining WORKING VOLTAGES, all of the following requirements apply (see also 1.4.8).

a) Unearthed accessible conductive parts shall be assumed to be earthed.

b)-1f"a transformer winding or other part is floating (it is not connected to a circuit that
establishes its potential relative to earth), it shall be assumed to be earthed at the point by
which the highest WORKING VOLTAGE is obtained

c) Except as permitted in 2.10.1.5, for insulation between two transformer windings, the
highest voltage between any two points in the two windings shall be used, taking into
account external voltages to which the windings will be connected.

d) Except as permitted in 2.10.1.5, for insulation between a transformer winding and another
part, the highest voltage between any point on the winding and the other part shall be
used.

e) Where DOUBLE INSULATION is used, the WORKING VOLTAGE across the BASIC INSULATION shall
be determined by imagining a short-circuit across the SUPPLEMENTARY INSULATION, and vice
versa. For DOUBLE INSULATION between transformer windings, the short-circuit shall be
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assumed to take place at the point by which the highest WORKING VOLTAGE is produced in
the other insulation.

When the WORKING VOLTAGE is determined by measurement, the input power supplied to
the EUT shall be at the RATED VOLTAGE or the voltage within the RATED VOLTAGE RANGE that
results in the highest measured value.

NOTE Tolerances on the RATED VOLTAGE Or RATED VOLTAGE RANGE are not taken into account.

a)
g7/

The WORKING VVOLTAGE between any pninf in-the PRIMARY CIRCUIT and nqrfh’ and between

any point in the PRIMARY CIRCUIT and a SECONDARY CIRCUIT, shall be assumed to be the
greater of the following:

— the RATED VOLTAGE or the upper voltage of the RATED VOLTAGE RANGE; and
— the measured voltage.

When determining the WORKING VOLTAGE for a TNV CIRCUIT connected to a
TELECOMMUNICATION NETWORK, the normal operating voltages shall be taken|into account.
If these are not known, they shall be assumed to be the following values:

— 60V d.c. for TNV-1 CIRCUITS;
— 120 V d.c. for TNV-2 CIRCUITS and TNV-3 CIRCUITS.
Telephone ringing signals shall not be taken into account forthis purpose.

If starting pulses are used to ignite discharge lamps, the{REAK WORKING VOLTAGE is the
peak value of the pulses with the lamp connected but before the lamp ignites. The RMS
WORKING VOLTAGE to determine minimum CREEPAGE DBISTANCES is the voltage measured
after the ignition of the lamp.

2.10.2.2 RMS working voltage

Minimum CREEPAGE DISTANCES depend on RMSWWORKING VOLTAGES.

When determining an RMS WORKING VOLTAGE, the following rules shall be used:

the measured r.m.s. value shall be'used for all waveforms;

short-term conditions (for example, cadenced telephone ringing signals in TNV CIRCUITS)
shall not be taken into account;

non-repetitive transients-(due, for example, to atmospheric disturbances) shall not be
taken into account.

NOTE The resultant r.m’s,Wwalue of a waveform having an a.c. r.m.s. voltage "A" and a d.c. offset voltage "B" is
given by the following formtla:

r.m.s. value = (A% + B?)"?

2.10.2.3 . Peak working voltage

Minimium CLEARANCES and electric strength test voltages depend on PEAK WORKING VOLTAGES.

When determining a PEAK WORKING VOLTAGE, the following rules shall be used:

the measured peak value shall be used for all waveforms; the peak value of any ripple (up
to 10 %) on a DC VOLTAGE, shall be included;

non-repetitive transients (due, for example, to atmospheric disturbances) shall not be
taken into account;

when determining the PEAK WORKING VOLTAGE between PRIMARY CIRCUITS and SECONDARY
CIRCUITS, the voltage of any ELV CIRCUIT, SELV CIRCUIT or TNV CIRCUIT (including telephone
ringing signals) shall be regarded as zero.
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2.10.3 Clearances

2.10.3.1 General

CLEARANCES shall be so dimensioned that overvoltages, including transients that may enter
the equipment, and peak voltages that may be generated within the equipment, do not break
down the CLEARANCE.

It is pcrmﬂ-h:rl to—uyse—either—the rnquurnmnnfa of 210 3 for ﬁ\lor\lnlfggn f‘gh:xgnr\]ll or

Overvoltage Category Il, using the PEAK WORKING VOLTAGE; or the requirements in Annex G for
Overvoltage Category I, Overvoltage Category Il, Overvoltage Category Il or Overvoltage
Category IV, using the REQUIRED WITHSTAND VOLTAGE, for a particular component|or
subassembly or for the whole equipment.

These requirements apply for equipment to be operated up to 2 000 m above sea;level. For
equipment to be operated at more than 2 000 m above sea level, the minimum,CLEARANCES
shall be multiplied by the factor given in Table A.2 of IEC 60664-1. Linear-interpolation is
permitted between the nearest two points in Table A.2. The calculated minimum CLEARANCE
using this multiplication factor shall be rounded up to the next higher 0,1.flom increment.

NOTE 1 It is considered to be good practice to design SOLID INSULATION for higher transient overvoltages than the
associated CLEARANCE.

NOTE 2 China has special requirements in choosing multiplication factors at-alitudes above 2 000 m.

The specified minimum CLEARANCES are subject to the following minimum values:

— 10 mm for an air gap serving as REINFORCED INSULATION between a part at HAZARDOUS
VOLTAGE and an accessible conductive part of the"ENCLOSURE of floor-standing equipment
or of the non-vertical top surface of desk top equipment;

— 2 mm for an air gap serving as BASIC INSULATION between a part at HAZARDOUS VOLTAGE
and an earthed accessible conductive part of the ENCLOSURE of PLUGGABLE EQUIPMENT
TYPE A.

NOTE 2 3 The above two minimum CLEARANCES do not apply between a part at a HAZARDOUS VOLTAGE and the
BOUNDING SURFACE of a non-conductive ENCLOSURE.

Except as required by 2.8.7.1 the specified minimum CLEARANCES do not apply to the air gap
between the contacts of THERMOSTATS, THERMAL CUT-OUTS, overload protection devices,
switches of microgap constfuction, and similar components where the air gap varies with the
contacts.

NOTE-3 4 For air gaps\ between contacts of interlock switches, see 2.8.7.1. For air gaps between contacts of
disconnect switches, see 3.4.2.

The CLEARANGES between the BOUNDING SURFACE of a connector and conductive parts within
the connectorjthat are connected to a HAZARDOUS VOLTAGE shall comply with the requirements
for REINFORCED INSULATION. As an exception, for connectors that are

— fixed to the equipment; and

~\_Jlocated internal to the outer ENCLOSURE of the equipment; and are

[}

onhs accecssible after removal of 3
Oy 6665SiBteaite—+emova+—o=a

place during normal operation,

laceable-subassemblv that ic r
rG8aP+e—SU PSSPy —Ha+—15

these CLEARANCES shall comply with the requirements for BASIC INSULATION.

NOTE 4 5 The tests of 2.1.1.1 for access to hazardous parts apply to such connectors after removal of the
subassembly.

For all other CLEARANCES in connectors, including connectors that are not fixed to the
equipment, the minimum values specified in 2.10.3.3 or 2.10.3.4 apply.
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The above minimum CLEARANCES for connectors do not apply to connectors that comply with a
standard harmonized with IEC 60083, IEC 60309, |IEC 60320, IEC 60906-1 or |IEC 60906-2,
see also 1.5.2.

Compliance with 2.10.3.3 and 2.10.3.4 is checked by measurement, taking into account
Annex F. The following conditions apply:

— movable parts shall be placed in the most unfavourable position;

— for equipment incorporating ordinary NON-DETACHABLE POWER SUPPLY CORDS, CLEARANCE
measurements are made with supply conductors of the largest cross-sectional area
specified in 3.3.4, and also without conductors.

NOTE 6 6 The force tests of 4.2.2, 4.2.3 and 4.2.4 apply.

— when measuring CLEARANCES from the BOUNDING 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 surface shall be considered to be conductive ‘as if it were
covered by metal foil wherever it can be touched by the test finger shown in Figure 2A
(see 2.1.1.1), applied without appreciable force (see Figure F.12, point.X).

There is no electric strength test to verify CLEARANCES except as frequired in Footnote c in
Table 2M and in 5.3.4 b).

2.10.3.2 Mains transient voltages

a) AC MAINS SUPPLY

For equipment to be supplied from an AC MAINS SUPPLY, the value of the MAINS TRANSIENT
VOLTAGE depends on the Overvoltage Categorysand the AC MAINS SUPPLY voltage. In general,

CLEARANCES in equipment intended to be connected to the AC MAINS SUPPLY shall be designed
for Overvoltage Category Il.

NOTE 1 See Annex Z for further guidance on the determination of Overvoltage Category.

Equipment that is likely, when installed, to be subjected to transient overvoltages that exceed
those for its design OvervoltagesCategory will require additional protection to be provided
external to the equipment. In this case, the installation instructions shall state the need for
such external protection.

The applicable value.(of the MAINS TRANSIENT VOLTAGE shall be determined from the
Overvoltage Categofy and the AC MAINS SUPPLY voltage, using Table 2J.

Table 2J — AC mains transient voltages

MAINS TRANSIENT VOLTAGE °

AC MAINS SUPPLY voltage °

up to and including V peak

Overvoltage Category

Vr.m.s. | 1l
100 500 800
150 ° 800 1500
3004 1 500 2 500
600 e 2 500 4 000
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a  For equipment designed to be connected to a three-phase, three-wire supply, where there is no neutral
conductor, the AC MAINS SUPPLY voltage is the line-to-line voltage. In all other cases, where there is a neutral
conductor, it is the line-to-neutral voltage.

b The MAINS TRANSIENT VOLTAGE is always one of the values in the table. Interpolation is not permitted.
¢ Including 120/208 V and 120/240 V.

d Including 230/400 V and 277/480 V.

¢ Including 400/690 \/

NOTE 2 For Japan, the value of the MAINS TRANSIENT VOLTAGES for the nominal AC MAINS SUPPLY voltage of 100"V
is determined from the row applicable to an AC MAINS SUPPLY voltage of 150 V.

b) Earthed DC MAINS SUPPLIES
If a DC MAINS SUPPLY is connected to protective earth and is entirely within a single building,

the MAINS TRANSIENT VOLTAGE shall be assumed to be 71 V peak. If this connection is within
the EUT, it shall be in accordance with 2.6.1 d).

NOTE 3 The connection to protective earth can be at the source of the DC MAINS SURPLY or at the equipment
location, or both (see ITU-T Recommendation K.27).

c) Unearthed DC MAINS SUPPLIES

If a DC MAINS SUPPLY is not earthed and located as in b) above, the MAINS TRANSIENT VOLTAGE
shall be assumed to be equal to the MAINS TRANSIENT MOLTAGE in the AC MAINS SUPPLY from
which the DC MAINS SUPPLY is derived.

d) Battery operation

If equipment is supplied from a dedicated battéry that has no provision for charging from an
external MAINS SUPPLY, the MAINS TRANSIENT.WVOLTAGE shall be assumed to be 71 V peak.

2.10.3.3 Clearances in primary circuits

For insulation in PRIMARY CIRCUITS; between PRIMARY CIRCUITS and earth and between PRIMARY
CIRCUITS and SECONDARY CIRCUITS, the following rules apply.

For an AC MAINS SUPPLY not exceeding 300 V r.m.s. (420 V peak):

a) if the PEAK WORKING VOLTAGE does not exceed the peak value of the AC MAINS SUPPLY
voltage, minimum CLEARANCES are determined from Table 2K;

b) if the PEAK WORKING VOLTAGE exceeds the peak value of the AC MAINS SUPPLY voltage, the
minimum.CLEARANCE is the sum of the following two values:
e {Re'minimum CLEARANCE from Table 2K; and

= the appropriate additional CLEARANCE from Table 2L.

NOTE A minimum CLEARANCE obtained by the use of Table 2L lies between the values required for homogeneous
and inhomogeneous fields. As a result, it may not pass the appropriate electric strength test if the field is

substantially inhomogeneous.

For an AC MAINS sUPPLY exceeding 300 V r.m.s. (420 V peak), minimum CLEARANCES are
determined from Table 2K.
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Table 2K — Minimum clearances for insulation in primary circuits
and between primary and secondary circuits

CLEARANCES in mm

MAINS TRANSIENT VOLTAGE
PEAK WORKING 1500 Ve 2500V¢ 4000V ¢
VOLTAGE @
up to and |nc|ud|ng Pallution dpgrpp
v 1and 2° 3 1and 2° 3 1,2band 3
F|BS| R |F|BIS| R F|BS| R |F|BS| R F | BIS)[YR
| 71a 04|10 | 20 |08 13| 26 [10]| 20 | 40 |13]| 20 | 40 | 20 J.3)2 | 6,4
(0,5) | (1,0) (0,8) | (1.6) (1.5) | (3,0) (1.5) | (3,0) (3,0) | (6,0)
| 210a 05|10 | 20 |08 13| 26 [14]| 20 | 40 |15]| 20 | 40 (120 | 32 | 6,4
(0,5) | (1,0) (0,8) | (1,6) (1,5) | (3,0) (1,5) | (3,0) (3,0) | (6,0)
| 420 F 1,5 B/S 2,0(1,5) R4,0(3,0) 25 | 32 | 64
(3,0) | (6,0)
840 F 3,0 B/S 3,2 (3,0) R 6,4 (6,0)
1 400 F/IB/S 4,2 R6,4
2 800 F/IB/SIR 8,4
7 000 F/IB/SIR 176
9 800 FIBISIR ,25
14 000 FIBISIR 37
28 000 F/B/S/IR 80
42 000 F/B/SIR 130

The values in the table are applicable to FUNCTIONAL INSULATION (F) if required by 5.3.4 a) (see 2.10.1.3), BASIC
NSULATION (B), SUPPLEMENTARY INSULATION (S) and, REINFORCED INSULATION (R).

The values in parentheses apply to BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED INSULATION only iff
manufacturing is subjected to a quality control¥programme that provides at least the same level of assurance as the
example given in Clause R.2. DOUBLE INSURATION and REINFORCED INSULATION shall be subjected to ROUTINE TESTS for]
electric strength.

If the PEAK WORKING VOLTAGE exceeds)the peak value of the AC MAINS SUPPLY voltage, linear interpolation is permitted
between the nearest two points, (thé calculated minimum CLEARANCE being rounded up to the next higher 0,1 mm
ncrement.

Fl If the PEAK WORKING VOLTAGE exceeds the peak value of the AC MAINS SUPPLY voltage, see use the peak value of the
AC MAINS SUPPLY valtage in this column and use Table 2L in accordance with 2.10.3.3 b) regarding additional
CLEARANCES

b1t is not required to’pass the tests of 2.10.10 for Pollution Degree 1.

E  The relationship between MAINS TRANSIENT VOLTAGE and AC MAINS SUPPLY voltage is given in Table 2J.
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Table 2L — Additional clearances in primary circuits
CLEARANCES in mm
MAINS TRANSIENT VOLTAGE
1500Vc¢ 2500Vc¢e
Pollution Pollution FUNCTIONAL | REINFORCED | Pollution Degrees FUNCTIONAL 2 REINFORCED
Degrees Degree 3 a INSULATION 1,2and 3P BASIC or INSULATION
1and2b BASIC or SUPPLEMENTARY
PEAK WORKING SUPTT::(WEN PEAK WORKING INSULATION
VOLTAGE INSULATION VOLTAGE
up to and up to and
including including
\' Vv
210 (210) [210 (210) 0,0 0,0 420 (420) 0,0 0,0
298 (288) [294 (293) 0,1 0,2 493 (497) 0,1 0,2
386 (366) [379 (376) 0,2 0,4 567 (575) 0,2 0,4
474 (444) | 463 (459) 0,3 0,6 640 (652) 0,3 0,6
562 (522) [547 (541) 0,4 0,8 713 (729) 0,4 0,8
650 (600) [632 (624) 0,5 1,0 787 (807) 0,5 1,0
738 (678) [715 (707) 0,6 1,2 860 (884) 0,6 1,2
826 (756) [800 (790) 0,7 1,4 933 (961) 0,7 1,4
914 (839) (885 (873) 0,8 1,6 1006 _(1\039) 0,8 1,6
1002 (912) [970 (956) 0,9 1,8 1080 (1 116) 0,9 1,8
1090 (990) (1055 (1039) 1,0 2,0 1453 (1193) 1,0 2,0
1178 (1068) [1140 (1 122) 1,1 2,2 1226 (1271) 1.1 2,2
1266 (1146) [1225 (1 205) 1,2 2,4 1300 (1 348) 1,2 2,4
1354 (1224) (1310 (1288) 1,3 2,6 1374 (1425) 1,3 2,6
The additional CLEARANCES in the table apply if required by 2.10.3.3 b).
The values in parentheses shall be used:
- if the values in parentheses in Table 2K arfejused; and
- for FUNCTIONAL INSULATION if required by.5.3.4 a).
For voltage values above the PEAK WORKING VOLTAGE values given in the table, linear extrapolation is permitted.
For voltage values within the PEAK\WORKING VOLTAGE values given in the table, linear interpolation is permitted
between the nearest two points)) the calculated minimum additional CLEARANCE being rounded up to the next
higher 0,1 mm increment.
a  There is no minimum,CLEARANCE for FUNCTIONAL INSULATION unless it is required by 5.3.4 a). See 2.10.1.3.
b It is not required to\pass the tests of 2.10.10 for Pollution Degree 1.
¢ The relationship.bétween MAINS TRANSIENT VOLTAGE and AC MAINS SUPPLY voltage is given in Table 2J.

2.10.3.4)Clearances in secondary circuits

Minimum CLEARANCES in SECONDARY CIRCUITS are determined from Table 2M.

The PEAK WORKING VOLTAGE for use in Table 2M is:

o L l £ + +al ] IFS
UTICc PgTan vardT uTra sirtusutuar vuTtaytT,

the measured peak value of a non-sinusoidal voltage.

The highest transient overvoltage for use in Table 2M is either

the highest transient from the MAINS SUPPLY, determined in accordance with 2.10.3.6 or
2.10.3.7; or

the highest transient from a TELECOMMUNICATION NETWORK, determined in accordance with
2.10.3.8,

whichever is the higher value.
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Table 2M - Minimum clearances in secondary circuits

CLEARANCES in mm

Highest transient overvoltage in the SECONDARY CIRCUIT (V peak)
Up to and Over 71 V up Up to and [Over 800 V up to and including| Over 1 500 V
including 71 V to and including 1500V up to and
PEAK WORKING including 800 Vv including
VOLTAGE 800 V 2500Va
Pollution Degree
up to and
including 1and 2P 3 1and 2P 3 1,2band 3
Vv F|B/IS| R |F|BIS| R |F|BIS| R |F| BIS R | F|B/IS| R F |B/SIyY R
71 0,204 |08 (020714 (081326 (05| 1,0 |2,010,8|13]| 26 |1,5}2,0] 4,0
(0,2)((0,4) (0,2)[(0,4) (0,8)((1,6) (0,5) ((1,0) (0,8)(1,6) (1,5)| (3,0)
140 0,207 (1,4 (02|07 |14 |08]|13(|26 (05| 1,0 |2,00,8]/13]| 26 ¥1,5/2,0]| 4,0
(0,2)((0,4) (0,2)|(0,4) (0,8)|(1.6) (0,5) |(1,0) (0,8) (156) (1,5)| (3,0)
210 0,2|0,7(14(02{09|18(08]|13|26 (05| 1,0 |2,010,8| 13|26 |15]|2,0]| 4,0
(0,2)(0,4) (0,2)](0,4) (0,8)(1,6) (0,5) [(1,0) (0,8)] (1,6) (1,5)[ (3,0)
280 0,211,122 F 0,8 B/S 1,4 (0,8) R 2,8 (1,6) 2,0| 4,0
(0,2)((0,4) 1,5 [(1,5)] (3,0)
420 0,2|14 128 F 1,0 B/S 1,9 (1,0) R 3,8.(2;0) 2,0| 4,0
(0,2)](0,4) 1,5 (1,5)] (3,0)
700 F/B/S 2,5 R)5,0
840 F/B/S 3,2 R 5,0
1400 F/B/S 4,2 R 5,0
2 800 F/B/SIR™ 8,4 See ¢
7 000 F/B/SIR %5 17,5 Seec¢
9 800 F/B/S/IR 25 See ¢
14 000 F/B/S/IR 37 See ¢
28 000 F/B/S/R 80 See ¢
42 000 F/B/S/R 130 See ¢

The values in the table apply to FUNCTIONAL, INSULATION (F) if required by 5.3.4 a) (see 2.10.1.3), BASIC
INSULATION (B), SUPPLEMENTARY INSULATION (S) and REINFORCED INSULATION (R).

Linear interpolation is permitted between the nearest two points, the calculated minimum CLEARANCE being rounded
up to the next higher 0,1 mm increment.

If the CLEARANCE path is partly-ateng the surface of insulation that is not Material Group I, the test voltage is
applied across the air gap and-Material Group | only. The part of the path along the surface of any other
insulating material is bypassed.

The values in parentheses apply to BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED INSULATION if
manufacturing is subjected to a quality control programme that provides at least the same level of assurance as the
example given in-€lause R.2 of Annex R. DOUBLE INSULATION and REINFORCED INSULATION shall be subjected to
ROUTINE TESTS far/electric strength.

a For trangient overvoltages higher than 2 500 V peak, either Table 2K shall be used or the minimum CLEARANCE
shall(be determined using Annex G.

b Jt-is_not required to pass the tests of 2.10.10 for Pollution Degree 1.

¢/ln a SECONDARY CIRCUIT, for PEAK WORKING VOLTAGES above 1 400 V, the minimum CLEARANCE is 5 mm provided
that the CIEARANCE path passes an electric erpngth test n{‘r‘nrding ta 522 ||Qing'

- an a.c. test voltage whose r.m.s. value is 106 % of the PEAK WORKING VOLTAGE (peak value is 150 % of the
PEAK WORKING VOLTAGE), or

- ad.c. test voltage equal to 150 % of the PEAK WORKING VOLTAGE.

2.10.3.5 Clearances in circuits having starting pulses

For a circuit generating starting pulses to ignite a discharge lamp, and if the circuit is not a
LIMITED CURRENT CIRCUIT complying with 2.4 (see 2.10.1.7), the adequacy of CLEARANCES is
determined by one of the following methods:
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a) Determine the minimum CLEARANCE in accordance with Annex G, or

b) Conduct electric strength tests, using one of the following procedures. During the tests, the
lamp terminals are shorted together.

— Test in accordance with 5.2.2, using an a.c. peak or d.c. test voltage equal to 150 % of
the PEAK WORKING VOLTAGE; or

—  Apply 30 pulses having amplitude equal to 150 % the PEAR WORKING VOLTAGE from an
external pulse generator. The pulse width shall be equal to or greater than that of the
internally generated starting pulse.

NOTE For WORKING VOLTAGES see 2.10.2.1 i).

2.10.3.6 Transients from an a.c. mains supply

Except as permitted below, the highest transient in a SECONDARY CIRCUIT dueyto transients on
the AC MAINS SUPPLY is the value measured in accordance with 2.10.3.9 a).

Alternatively, for certain SECONDARY CIRCUITS it is permitted to assume that the highest
transient is either of the following:

— the value measured in accordance with 2.10.3.9 a); or

— one step lower in the following list than the MAINS TRANSIENTVOLTAGE from Table 2J in the
PRIMARY CIRCUIT:
330, 500, 800, 1 500, 2 500 and\4)000 V peak.

This is permitted in the following cases:

— a SECONDARY CIRCUIT, derived from an AC MAINS SUPPLY, that is connected to the main
protective earthing terminal in accordance with 2.6.1;

— a SECONDARY CIRCUIT, derived from an>AC MAINS SUPPLY and separated from the PRIMARY
CIRCUIT by a metal screen that is connected to the main protective earthing terminal in
accordance with 2.6.1.

2.10.3.7 Transients from a d.c.:mains supply

NOTE 1 A circuit connected to a DC*MAINS SUPPLY is considered to be a SECONDARY CIRCUIT( see 1.2.8.2).

The highest transient in agSECONDARY CIRCUIT due to transients on a DC MAINS SUPPLY is
— the MAINS TRANSIENTVOLTAGE, if the SECONDARY CIRCUIT is directly connected to the DC
MAINS SUPPLY; or

— the value nmieasured in accordance with 2.10.3.9 a) in other cases except as given in
2.10.3.2 b)and 2.10.3.2 c).

NOTE 2 Both of the above options depend on the value of the MAINS TRANSIENT VOLTAGE. In some cases, this
value is_assumed to be 71V peak [see 2.10.3.2 b) or d)]. The appropriate column of Table 2K is used and no
measurement is necessary.

2(10.3.8 Transients from telecommunication networks and cable distribution systems

If the TELECOMMUNICATION NETWQRK TRANSIENT VOLTAGE is known for the TELECOMMUNICATION

NETWORK in question, it is permitted to use the known value in 2.10.3.4.

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE is not known, the following value shall
be used:

— 1500 V peak if the circuit connected to the TELECOMMUNICATION NETWORK is a TNV-1
CIRCUIT or a TNV-3 CIRCUIT; and

— 800 V peak if the circuit connected to the TELECOMMUNICATION NETWORK is an SELV CIRCUIT
or a TNV-2 CIRCUIT.
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If incoming transients are attenuated within the equipment, it is permitted to use the value
measured in accordance with 2.10.3.9 b).

The effect of a telephone ringing signal is not taken into account.

The effect of transients from a CABLE DISTRIBUTION SYSTEM is not taken into account (however,
see 7.4.1).

2.10.3.9 Measurement of transient voltages

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

During the tests, the equipment is connected to its separate power supply. unit, if any, but is
not connected to the MAINS SUPPLY or to any TELECOMMUNICATION NETWORKS, and any surge
suppressors in PRIMARY CIRCUITS are disconnected.

A voltage-measuring device is connected across the CLEARANCE in question.

a) Transients from a MAINS SUPPLY

To measure a transient voltage across a CLEARANCE due-to transients on a MAINS SUPPLY, the
impulse test generator reference 2 of Table N.1 is used to generate 1,2/50 us impulses. U, is

equal to the MAINS TRANSIENT VOLTAGE given in Table 2J.

Three to six impulses of alternating polarity with intervals of at least 1 s between impulses,
are applied between each of the following-points where relevant:

For an AC MAINS SUPPLY

— line-to-line;
— all line conductors joinedtogether and neutral;
— all line conductors joined together and protective earth;

— neutral and protective earth.
For a DC MAINS-SUPPLY
— the positive and negative supply connection points;

— allsupply connection points joined together and protective earth.

b) Transients from a TELECOMMUNICATION NETWORK

To measure the transient voltage across a CLEARANCE due to transients on a
TELECOMMUNICATION NETWORK, the impulse test generator reference 1 of Table N.1 is used to
generate 10/700 us impulses. U, is equal to the TELECOMMUNICATION NETWORK TRANSIENT

VOLTAGE determined in 2.10.3.8.

Three to six impulses of alternating polarity, with intervals of at least 1 s between impulses,
are applied between each of the following TELECOMMUNICATION NETWORK connection points of
a single interface type:

— each pair of terminals (for example, A and B or tip and ring) in an interface;

— all terminals of a single interface type joined together and earth.
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Where there are several identical circuits, only one is tested.

2.10.4 Creepage distances
21041 General

CREEPAGE DISTANCES shall be so dimensioned that, for a given RMS WORKING VOLTAGE and
pollution degree, no flashover or breakdown of insulation (for example, due to tracking) will

occur.

2.10.4.2 Material group and comparative tracking index

Material groups depend on the comparative tracking index (CTI) and are classified as follows:

Material Group | CTIl > 600
Material Group Il 400 < CTI <600
Material Group Illla 175 < CTI <400
Material Group Illb 100 < CTI <175

The material group is verified by evaluation of the test data for“the material according to
IEC 60112 using 50 drops of solution A.

If the material group is not known, Material Group IlIb shalltbe assumed.

If a CTIl of 175 or greater is needed, and the data is ‘not available, the material group can be
established with a test for proof tracking index (PTt#)yas detailed in IEC 60112. A material may
be included in a group if its PTI established by/these tests is equal to, or greater than, the
lower value of the CTI specified for the group:

2.10.4.3 Minimum creepage distances

CREEPAGE DISTANCES shall be notxless than the appropriate minimum values specified in
Table 2N.

If the minimum CREEPAGE(DISTANCE derived from Table 2N is less than the applicable
minimum CLEARANCE, that value of minimum CLEARANCE shall be applied as the minimum
CREEPAGE DISTANCE.

For glass, mica,\glazed ceramic, or similar inorganic materials, if the minimum CREEPAGE
DISTANCE is greater than the applicable minimum CLEARANCE, it is permitted to apply that value
of minimum (CLEARANCE as the minimum CREEPAGE DISTANCE.

The CREEPAGE DISTANCE between the BOUNDING SURFACE of a connector and conductive parts
within_the connector that are connected to a HAZARDOUS VOLTAGE shall comply with the
reqlirements for REINFORCED INSULATION. As an exception, for connectors that are

— fixed to the equipment; and

— located internal to the outer ENCLOSURE of the equipment; and

— only accessible after removal of a USER-replaceable subassembly that is required to be in
place during normal operation,

this CREEPAGE DISTANCE shall comply with the requirements for BASIC INSULATION.

NOTE The tests of 2.1.1.1 for access to hazardous parts apply to such connectors after removal of the
subassembly.

For all other CREEPAGE DISTANCES in connectors, including connectors that are not fixed to the
equipment, the minimum values specified in Table 2N apply.
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The above minimum CREEPAGE DISTANCES for connectors do not apply to connectors that
comply with a standard harmonized with IEC 60083, IEC 60309, IEC 60320, IEC 60906-1 or
IEC 60906-2, see also 1.5.2.

Compliance is checked by measurement, taking into account Annex F. The following
conditions apply:

— movable parts 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 3.3.4 for the terminal in question, and also without conductors; and

— when measuring CREEPAGE DISTANCES from the BOUNDING 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 surface is considered to be conductive as if it were
covered by metal foil wherever it can be touched by the test finger, Figure 2A ((see 2.1.1.1),
applied without appreciable force (see Figure F.12, point X).
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Table 2N — Minimum creepage distances
CREEPAGE DISTANCES in mm
Pollution degree
RMS-WORKING-VOLTAGE | 2 | ] 2 | 3
Waterial group
s HE o] H Ha; ' H Ha;Hib
dda, | Ma | Wa, Wb (see
v Hib b Nete)
10 0025 o004 oo0s| 04| o4 04| 10 10 1.9,
16 0025 o004 o1|o4s| o45| oas| 11 11| o
20 0025 o004 o11|o4s| o48| o8| 42 124 Via
32 0025 o004 o14|os3| os3| os3| 13 | @3 | 43
40 0025 o004 o1slose| o8| 14| 14 Jl 1| 1
50 0025| o004 o1s| os| oss| 12| 480] 17 19
63 004 o063 o2[oe3| oo | 125] e 18 20
80 0063| o1d o22[06z| os D 17 19 21
100 0.1 o016l 02slozt| 10 ég\\ 18 20 22
125 o46| o026 o28lozs| 105|N ‘s | 40 24| 24
160 025| o040 o32| o8| 48 16| 20 22 25
200 0.4 063 o042| 10[Ot 20| 25 28 32
250 0.56 1.0 056|125 1.8 25| 32 36 40
320 075 16 0750 16| 22 32| 40 45 50
400 1.0 20 Lol 20| 28| 40| s0 56| 63
500 13 28 &a3] 25| 38 50| 63 71 8.0
800 24| x| 24| 40| s 80 | 10 o 125
4000 32| 50 s2| 5ol 72| 10 |125 | 14 16
4250 nY 42| 63| 90| 125 18 18 20
2000 N\ 75| 10| 14 20 | 25 28 32
2500 \\‘ 10 |1425| 48 25 32 36 40
3200 N 2 125| 46 22 32 40 45 50
4000 A\ 16 20 28 40 50 56 83
5000 \U 20 | 25 | 36 50 63 74 80
6300 A\ 25 | 32| 45 63 | so 90 100
8000~ N\ 32 | 40| 56 80 |00 110 | 425
M 40 50 74 100 125 140 160
42500 50 | 63| 90 425
_(H4s000 63 | 80 [110 160
.\ 20000 80 |10 |140 200
S\ 25000 100 |425 |480 250
A~ 32000 125 |460 [220 320
,\AV 40000 160 |200 |280 400
d, 50000 200 | 250 [360 500
\% 63000 250 |320 |450 600
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Pollution degree
RMS WORKING VOLTAGE 1 | 2 | 3
up to and including Material Group
v 1, 11, | 1 lla, lllb 1 1l llla, lllb (see
Illa, lllb Note)
10 0,08 0,4 0,4 0,4 1,0 1,0 1,0
12,5 0,09 0,42 0,42 0,42 1,05 1,05 1,05
16 0,1 0,4é'=>| 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 N
25 0,125 0,5 0,5 0,5 1,25 1,25 1%6
32 0,14 0,53 0,53 0,53 1,3 1.3 A3V
40 0,16 0,56 0,8 1,1 1,4 1,6 ~ VB
50 0,18 0,6 0,85 1,2 1,5 1,7 N 4 1,9
63 0,2 0,63 0,9 1,25 1,6 1,8 o 20
80 0,22 0,67, 0,9 1,3 1,7 1,9 [0), 2,1
100 0,25 0,71 1,0 1,4 1,8 2,09 2,2
125 0,28 0,75 1,05 1,5 1,9 N 2,4
160 0,32 0,8 1,1 1,6 2,0 N,Z 2,5
200 0,42 1,0 1,4 2,0 2,5 [\ 2,8 3,2
250 0,56 1,25 1,8 2,5 3. 3.6 4,0
320 0,75 1,6 2,2 32 | "Ho 4,5 5,0
400 1,0 2,0 2,8 4,0 Y \D 5,0 5,6 6,3
500 1,3 2,5 3,6 50 6.3 7,1 8,0
630 1,8 3,2 4,5 ('P.\\S) 8,0 9,0 10
800 2,4 4,0 5,6 .80 10 11 12,5
1000 3,2 5,0 71| {710 12,5 14 16
1250 4,2 6,3 9,0l¢. N 125 16 18 20
1600 5,6 8,0 11 N 16 20 22 25
2000 7,5 10 | M 20 25 28 32
2 500 10 12,5 /)V8 25 32 36 40
3 200 12,5 16 N 22 32 40 45 50
4000 16 20y 28 40 50 56 63
5000 20 ©,25 36 50 63 71 80
6 300 25 N 32 45 63 80 90 100
8 000 32& 40 56 80 100 110 125
10 000 o ) 50 71 100 125 140 160
12 500 ~\50 63 90 125
16 000 \0 63 80 110 160
20 000 ,' 80 100 140 200
25 000 N\ 100 125 180 250
32 000 ) 125 160 220 320
40 000 &, ° 160 200 280 400
50 00— 200 250 360 500
63 00— 250 320 450 600
he values i e}{able apply to FUNCTIONAL INSULATION if required by 5.3.4 (a) (see 2.10.1.3), BASIC INSULATION and
SUPPLE RY INSULATION. For REINFORCED INSULATION the values are twice those in the table.
nef@ olation may be used between the nearest two points, the calculated minimum CREEPAGE DISTANCE being
ro up to the next higher specified increment, or the value in the next row below, whichever is lower. For
\<@t exceeding 0,5 mm, the specified increment is 0,01 mm; and
Ul Musc cALeTUIly U, o T, e SPeUITeU ImICTemieTit 1S5 U, T 1T,
Dr REINFORCED INSULATION, the calculated value for BASIC INSULATION shall be doubled first before applying the
rounding off.
NOTE Material Group Illb is not recommended for applications in Pollution Degree 3 with an RMS WORKING
VOLTAGE above 630 V.
a |t is permitted to use the values for Pollution Degree 1 if one sample passes the tests of 2.10.10.
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2.10.5 Solid insulation
2.10.5.1 General

In 2.10.5, the requirements for SOLID INSULATION (except those for thin sheet material) and for
insulating compound also apply to gel materials, used for this purpose.

SOLID INSULATION shall be:

— so dimensioned that overvoltages, including transients, that enter the equipment, and
peak voltages that may be generated within the equipment, do not break down the sOLiD
INSULATION; and

— so arranged that the likelihood of breakdown occurring due to the presence of pinholes in
thin layers of insulation is limited.

Solvent-based enamel is accepted only on winding wire as described in 2.10.5:43.

Except for printed boards, SOLID INSULATION shall either

— comply with minimum distances through insulation in accordance with 2.10.5.2; or

— meet the requirements and pass the tests in 2.10.5.3 to 2.10-5213, as applicable.

NOTE 1 For printed boards, see 2.10.6.
NOTE 2 For SOLID INSULATION on internal wiring, see 3.1.4.

Compliance with the requirements of 2.10.5.2 to~\2.10.5.14 for the adequacy of SOLID
INSULATION is verified by inspection and measuretent, taking into account Annex F, by the
electric strength tests of 5.2 and by any additional tests required in 2.10.5.4 to 2.10.5.14.

2.10.5.2 Distances through insulation

If a design is based on distances through insulation, these distances shall be dimensioned
according to the application of the insulation (see 2.9) and as follows (see Figure F.14):

— if the PEAK WORKING VOLTAGE”does not exceed 71V, there is no requirement for distance
through insulation;

— if the PEAK WORKING VOLTAGE exceeds 71 V, the following rules apply:

e for FUNCTIONAL INSULATION and BASIC INSULATION there is no minimum distance through
insulation;

e SUPPLEMENTARY INSULATION or REINFORCED INSULATION shall have a distance through
insulation that is 0,4 mm or greater, provided by a single layer.

For compliance criteria, see 2.10.5.1.

210.5.3 Insulating compound as solid insulation

NOTE 1 For printed boards, see 2.10.6 and for wound components, see 2.10.5.11, 2.10.5.12, 2.10.5.13 and

2.10.5.14.

There is no minimum internal CLEARANCE or CREEPAGE DISTANCE if insulating compound
completely fills the casing of a component or subassembly, provided that each distance
through insulation in the component or subassembly meets the requirements of 2.10.5.2 and a
single sample passes the tests of 2.10.10.

NOTE 2 Some examples of such treatment are variously known as potting, encapsulation and vacuum
impregnation.

NOTE 3 Such constructions may contain cemented joints, in which case 2.10.5.5 also applies.

For compliance criteria, see 2.10.5.1.
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2.10.5.4 Semiconductor devices

There is 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 optocoupler, see Figure F.17), provided that the
component satisfies one of the following, a) or b):

a) — passes the TYPE TESTS and inspection criteria of 2.10.11; and

— passes ROUTINE TESTS for electric strength during manufacturing, using the appropriate
value of the test voltage in 5.2.2; or

b) for an optocoupler only, complies with the requirements of IEC 60747-5-51), where the tést
voltages as specified in 5.2.6 (of IEC 60747-5-5):

— the voltage V;; , for TYPE TESTING and

— the voltage V;,; , for ROUTINE TESTING,

ini,
shall be the appropriate value of the test voltage in 5.2.2 of this standard.

NOTE The above constructions may contain cemented joints, in which case 2.10.5.5 also-applies.

As an alternative to a) and b) above, it is permitted to treat a semiconductor according to
2.10.5.3, if applicable.

For compliance criteria, see 2.10.5.1.

2.10.5.5 Cemented joints

Where the path between conductive parts is filed with insulating compound, and the
insulating compound forms a cemented joint between two non-conductive parts (see
Figure F.18) or between a non-conductive partvand itself (see Figures F.16 and F.17), one of
the following, a), b) or c) applies.

a) The distance along the path between the two conductive parts shall not be less than the
minimum CLEARANCES and CREERAGE DISTANCES for Pollution Degree 2. The requirements
for distance through insulationtof 2.10.5.2 do not apply along the joint.

b) The distance along the path*between the two conductive parts shall not be less than the
minimum CLEARANCES afid CREEPAGE DISTANCES for Pollution Degree 1. Additionally, one
sample shall pass the_test of 2.10.10. The requirements for distance through insulation
of 2.10.5.2 do not_apply along the joint.

c) The requirements-for distance through insulation of 2.10.5.2 apply between the conductive
parts along the.joint. Additionally, three samples shall pass the test of 2.10.11.

For a) and b)yabove, if the insulating materials involved have different material groups, the
worst caselis used. If a material group is not known, Material Group IlIb shall be assumed.

For b)-and c) above, the tests of 2.10.10 and 2.10.11 are not applied to a printed board made
using pre-preg if the temperature of the printed board measured during the test of 4.5.2 does
not exceed 90 °C at any point on the printed board material.

NOTE 1 No actual CLEARANCE or CREEPAGE DISTANCE exists unless the joint comes apart, for example, due to
ageing. To cover this possibility, the requirements and tests of ¢) apply if the minimum CLEARANCES and CREEPAGE
DISTANCES according to a) or b) are not met.

NOTE 2 Some examples of cemented joints are as follows:

- between two non-conductive parts cemented together, for example, two layers of a multilayer printed board
(see Figure F.16) or the split bobbin of a transformer where the partition is secured by adhesive (see
Figure F.18);

- between spirally wrapped layers of insulation on winding wire, sealed by adhesive;

1) To be published.
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- between the non-conductive casing of an optocoupler and insulating compound filling the casing (see
Figure F.17).

For compliance criteria, see 2.10.5.1.

2.10.5.6 Thin sheet material - General

There is no dimensional or constructional requirement for insulation in thin sheet material

used as FUNCTIONAL INSULATION or BASIC INSULATION.

Insulation in thin sheet materials permitted for SUPPLEMENTARY INSULATION and REINFORGED
INSULATION (see Figure F.15), irrespective of the distance through insulation, provided that all
of the following apply:

— two or more layers are used;
— the insulation is within the equipment ENCLOSURE;
— the insulation is not subject to handling or abrasion during OPERATOR servicing; and

— the requirements and tests of 2.10.5.7 (for separable layers) or 2.10.5.8 (for non-
separable layers) are met.

It is not required for the two or more layers to be fixed to the.same conductive part. The two
or more layers can be

— fixed to one of the conductive parts requiring separation, or
— shared between the two conductive parts, or

— not fixed to either conductive part.
2.10.5.7 Separable thin sheet material
For insulation in separable thin sheet layers, in addition to the requirements of 2.10.5.6,

— SUPPLEMENTARY INSULATION shall*consist of at least two layers of material, each of which
will pass the electric strengthstest for SUPPLEMENTARY INSULATION; or

— SUPPLEMENTARY INSULATON shall consist of three layers of material for which all
combinations of two layers together will pass the electric strength test for SUPPLEMENTARY
INSULATION; or

— REINFORCED INSULATION shall consist of at least two layers of material, each of which will
pass the electric'strength test for REINFORCED INSULATION; or

— REINFORGEDBANSULATION shall consist of three layers of material for which all combinations
of two layers together will pass the electric strength test for REINFORCED INSULATION.

It is speérmitted for different layers of insulation to be of different materials or different
thicknesses, or both.

Compliance is checked by inspection and by the electric strength test of 2.10.5.9 or 2.10.5.10.

2.10.5.8 Non-separable thin sheet material

For insulation consisting of non-separable thin sheet materials, in addition to the requirements
of 2.10.5.6, the test procedures in Table 2P are applied.

It is permitted for different layers of insulation to be of different materials or different
thicknesses, or both.

Compliance is checked by inspection and by the tests specified in Table 2P.
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Table 2P — Tests for insulation in non-separable layers

Number of layers Test procedure

SUPPLEMENTARY INSULATION

Two or more layers: | The test procedure of 2.10.5.9 is applied. @

REINFORCED INSULATION

= ' - . 4 : Far-u = . PR
WU TaytcCro. e 1est proLeuure Ur 2. 1U.0.9 15 dPpIicu.

Three or more layers: | The test procedures of 2.10.5.9 and Annex AA are applied. @

a The alternative test procedure of 2.10.5.10 cannot be used for non-separable layers

NOTE The purpose of the tests in Annex AA 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 Annex AA are not applied to SUPPLEMENTARY INSULATION.

2.10.5.9 Thin sheet material - standard test procedure

For separable or non-separable layers, electric strength tests are applied in accordance with
5.2.2 to all layers together. The test voltage is:

— 200 % of U if two layers are used; or

- 150 % of U,y if three or more layers are used,

where U, 4, is the test voltage specified in 5.2.2 for SUPPLEMENTARY INSULATION or REINFORCED
INSULATION as appropriate.

NOTE Unless all the layers are of the same materialand have the same thickness, there is a possibility that the
test voltage will be shared unequally between layersicausing breakdown of a layer that would have passed if
tested separately.

2.10.5.10 Thin sheet material - alternative test procedure

If layers can be separated for individual testing, the following alternative to the standard test
procedure in 2.10.5.9 is permitted.

Electric strength tests arée_applied in accordance with 5.2.2, using test voltages equal to the
test voltage specifiedin’5.2.2 for SUPPLEMENTARY INSULATION Or REINFORCED INSULATION as
appropriate.

If two layers areyused, each layer shall pass the test.
If three gr-more layers are used, each combination of two layers together shall pass the test.

If three or more layers are used, It is permitted to divide these layers into two or three groups
for )testing purposes. In the above electric strength tests, two or three groups are tested
instead of two or three layers.

A test on a layer or group of layers is not repeated on an identical layer or group.

2.10.5.11 Insulation in wound components

Planar transformers are not considered to be wound components.

NOTE 1 Planar transformers are subject to the requirements covering the construction of printed boards, see
2.10.6.

There is no dimensional or constructional requirement for FUNCTIONAL INSULATION in a wound
component.
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It is permitted for BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED INSULATION in a
wound component to be provided by

— the insulation on winding wire or other wire (see 2.10.5.12 or 2.10.5.13); or
— other insulation (see 2.10.5.14); or

— a combination of the two.

NOTE 2 Wound components may contain cemented joints, in which case 2.10.5.5 also applies.

For DOUBLE INSULATION between the conductor of a wire and another conductive part, cf\is
permitted for BASIC INSULATION to be provided by insulation complying with 2.10.5.12 on©ng’ of
the wires and SUPPLEMENTARY INSULATION by additional insulation complying with 2.1075.14, or
vice versa.

For compliance criteria see 2.10.5.1.

Additionally, BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION in
finished wound components shall pass ROUTINE TESTS for electric strength in accordance with
5.2.2.

2.10.5.12 Wire in wound components

The following requirements apply to winding wire and other wire whose insulation provides
BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFORCED INSULATION, as required.

Solvent-based enamel is not considered to provide(BASIC INSULATION, SUPPLEMENTARY
INSULATION or REINFORCED INSULATION. Solvent-based enamel is only accepted if used as
winding wire insulation as described in 2.10.513.

NOTE 1 For insulation provided in addition to insulation on winding wire, see 2.10.5.14.

If the PEAK WORKING VOLTAGE does notexceed 71 V, there is no dimensional or constructional
requirement.

If the PEAK WORKING VOLTAGE_éxceeds 71 V, one of the following, a), b), or ¢), applies:

a) For BASIC INSULATION-that is not under stress (for example, from winding tension), there is
no dimensional of\constructional requirement. For BASIC INSULATION that is under such
stress, b), or c).applies.

NOTE 2 The exception in a) does not apply to SUPPLEMENTARY INSULATION or REINFORCED INSULATION.

b) For BASIZIINSULATION, SUPPLEMENTARY INSULATION or REINFORCED INSULATION, the insulation
on thewire shall either:

— have a thickness of at least of 0,4 mm provided by a single layer; or
—xcomply with 2.10.5.6 and with Annex U.

¢)~The winding wire shall comply with Annex U. In addition, the minimum number of
overlapping layers of spirally wrapped tape or exiruded layers of insulation shall be as

follows:

— for BASIC INSULATION: one layer;

— for SUPPLEMENTARY INSULATION: two layers;
— for REINFORCED INSULATION: three layers.

For insulation between two adjacent winding wires, one layer on each conductor is considered
to provide SUPPLEMENTARY INSULATION.

Spirally wrapped tape wound with less than 50 % overlap is considered to constitute one
layer.
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Spirally wrapped tape wound with more than 50 % overlap is considered to constitute two
layers.

Spirally wrapped tape shall be sealed and pass the tests of 2.10.5.5 a), b), or c).

NOTE 3 For wires insulated by an extrusion process, sealing is inherent to the process.

Where two winding wires, or one winding wire and another wire, are in contact inside the

wound component, crossing each other at an angle between 45° and 90° and subject to
winding tension, protection against mechanical stress shall be provided. This protection cah
be achieved, for example, by providing physical separation in the form of insulating sleeving
or sheet material, or by using double the required number of insulation layers.

For compliance criteria see 2.10.5.1. If the tests of Annex U are required, théy are not
repeated if the material data sheets confirm compliance.

2.10.5.13 Wire with solvent-based enamel in wound components

It is permitted to use solvent-based enamel on winding wire to provide electrical separation
that is considered to meet the requirements of 2.3.2.1.

NOTE 1 Solvent-based enamel is not considered to provide BASIC INSULATION, SUPPLEMENTARY INSULATION or
REINFORCED INSULATION, see 2.10.5.12.

The insulation on all conductors shall be enamel complying-with the requirements of a grade 2
winding wire in compliance with one of the IEC 60317 series of standards with the TYPE TEST
conducted at a test voltage that is not less than required by 5.2.2.

Compliance is checked by inspection and by thefollowing tests.

The finished component is subjected to a~FYPE TEST for electric strength (between windings;
and between windings and the core (see“Clause C.2) in accordance with 5.2.2.

The finished component is also subjected to ROUTINE TESTS for the electric strength of the
electrical separation in accordance with 5.2.2, using a test voltage of 1 000 V.

The dimensional and constructional requirements of 2.10 and Annex G do not apply for
compliance with 2.10.5.13.

NOTE 2 In some cases, 6<1.2.1 also applies.

NOTE 3 In Finland,. Norway and Sweden, there are additional requirements for the insulation, see 6.1.2.1 Note 2
and 6.1.2.2 Note/

2.10.5.144 Additional insulation in wound components

Thefollowing requirements apply to insulation in a wound component, provided in addition to
thejinsulation on winding wire or other wire. This includes, for example:

H Lod: lo ot HGAH ol
= mMoutativim DCIwTTIT WITIUTITyS, allud

— insulation between a winding wire or other wire and any other conductive part in the
wound component.

NOTE For insulation on the winding wire itself, see 2.10.5.12.

If the PEAK WORKING VOLTAGE does not exceed 71 V, there is no dimensional or constructional
requirement.

If the PEAK WORKING VOLTAGE exceeds 71V,
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— for BASIC INSULATION that is not under mechanical stress, there is no dimensional or
constructional requirement;

— SUPPLEMENTARY INSULATION or REINFORCED INSULATION shall either
e have a thickness of at least 0,4 mm, provided by single layer; or

e comply with 2.10.5.6.

2.10.6 Construction of printed boards

NOTE 2.10.6 also applies to the windings of a planar transformer and a ceramic transformer.

2.10.6.1 Uncoated printed boards

The insulation between conductors on the outer surfaces of an uncoated printéd board shall
comply with the minimum CLEARANCE requirements of 2.10.3 (or Annex G) and the minimum
CREEPAGE DISTANCE requirements of 2.10.4.

Compliance is checked by inspection and measurement.

2.10.6.2 Coated printed boards

For printed boards whose outer surfaces are to be coated with"a suitable coating material, the
following requirements apply to conductive parts before they are coated:

— the minimum separation distances of Table 2Q shalbe met; and

— manufacturing is subjected to a quality control programme that provides at least the same
level of assurance as the example given in{Clause R.1 of Annex R. DOUBLE INSULATION and
REINFORCED INSULATION shall pass ROUTINE TESTS for electric strength.

One or both conductive parts and at least-80 % of the distances over the surface between the
conductive parts shall be coated.

The coating process, the coating material and the base material shall be such that uniform
quality is assured and the separation distances under consideration are effectively protected.

The minimum CLEARANCES of 2.10.3 (or Annex G) and the minimum CREEPAGE DISTANCES of
2.10.4 apply

— if the above conditions are not met;
— betweengany two uncoated conductive parts; and

— over.the*outside of the coating.

Compliance is checked by inspection and measurement, taking Figure F.11 into account, and
by the tests of 2.10.8.
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PEAK WORKING VOLTAGE
. . BASIC INSULATION or REINFORCED INSULATION
up to and including SUPPLEMENTARY INSULATION
mm mm
V peak
71° 0,025 0,05
892 0704 6766
(92
113° 0,063 0,125 7\-
141 ° 0,1 0,2 "19
177° 0,16 0,32 (1/
227 0,25 0,5 6{}
283 ° 0,4 0,8 q/
354° 0,56 1,12 T
N
455 ° 0,75 ;
N\
570 1,0 DR ,0
710 1,3 N 26
)
895 1,8 ng 3,6
1135 2,4 Qb 3,8
1450 2,8 | (‘, 4,0
1770 34 & 4,2
2 260 41, O 4,6
B
2 830 {2? 5,0
3 540 \§ 3 6,3
4520 W 82 8,2
O
5660 QQ 10,0 10,0
~
7 070 N 13,0 13,0
8 910 R 16,0 16,0
11310 xO 20,0 20,0
14 140 ) 26,0 26,0
SN
17 20D 33,0 33,0
600 43,0 43,0
N
~ 28 300 55,0 55,0
A4
@. 35400 70,0 70,0
= 45 200 86,0 86,0
é Linear interpolation may be used between the nearest two points, the calculated minimum
Q separation distance being rounded up to the next higher specified increment, or the value in the
\Q/ next row below, whichever is lower. For values:
= TNOt eXceeding U,5 mm, the specitied mcrement is 0,01 mm, and
- for those exceeding 0,5 mm, the specified increment is 0,1 mm.
@  The test of 2.10.8 is not required.

2.10.6.3

Insulation between conductors on the same inner surface of a printed board

On an inner surface of a multi-layer printed board (see Figure F.16), the path between any
two conductors shall comply with the requirements for a cemented joint in 2.10.5.5



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

- 118 — 60950-1 © IEC:2005+A1:2009
+A2:2013

2.10.6.4 Insulation between conductors on different surfaces of a printed board

SUPPLEMENTARY INSULATION or REINFORCED INSULATION between conductive parts on different
surfaces in double-sided single-layer printed boards, multi-layer printed boards and metal
core printed boards, shall either:

— have a minimum thickness of 0,4 mm; or

wfarma—antl £ 41 +h
LILA T LAY LY 1

=y o H $ioa adn ralarrandt + T okl 2R
CUTITTUTTIT Wil UTic U MG opUlulITTualtivlTio diTu pdoo LT TTITU VATt IToto 1T T AauTe 4T\,

There is no corresponding requirement for FUNCTIONAL INSULATION or BASIC INSULATION.
Compliance is checked by inspection and measurement and by tests where required.

Table 2R - Insulation in printed boards

Specification of insulation TYPE TESTS ° ROUTINE TESTS
for electric strength °

Two layers of sheet insulating material No Yes
including pre-preg ®

Three or more layers of sheet insulating No No
material including pre-preg °

An insulation system with ceramic coating over a metallic NO Yes
substrate, cured at > 500 °C

An insulation system, with two or more coatings other Yes Yes
than ceramic over a metallic substrate, cured at < 500 °C

NOTE 1 Pre-preg is the term used for a layer of glass cloth.impregnated with a partially cured resin.

NOTE 2 For definition of ceramic, see IEV 212-05-24.

a  Thermal conditioning of 2.10.8.2 followed by.the electric strength test of 5.2.2.

b Layers are counted before curing.

¢ Electric strength testing is conductedon the finished printed board.

2.10.7 Component externalterminations

It is permitted to use coatings over external terminations of components to increase effective
CLEARANCES and CREEPAGE DISTANCES (see Figure F.10). The minimum separation distances
of Table 2Q apply to’/the component before coating, and the coating shall meet all the
requirements of 2.10.6.2, including quality control provisions.

The mechanical arrangement and rigidity of the terminations shall be adequate to ensure that,
during nermal handling, assembly into equipment and subsequent use, the terminations will
not be subject to deformation that would crack the coating or reduce the separation distances
between conductive parts below the values in Table 2Q (see 2.10.6.2).

Compliance is checked by inspection taking into account Figure F.10 and by applying the

o

£ 4 e o N 40 0 4 40 Q. 0 LD 4N 0O 2 TL A A L b al
SCTYUCTILC UI'tColS LUVETICTU Uy 2. TU.O. T, £.TVU.O.2 dllU 2. TU.0.9. TTICST ICSlS Al LUruducicu Uil d
completed assembly including the component(s).

Also, the abrasion resistance test of 2.10.8.4 is conducted on a specially prepared sample
printed board as described for sample 3 in 2.10.8.1, except that the separation between the
conductive parts shall be representative of the minimum separations and maximum potential
gradients used in the assembly.
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2.10.8 Tests on coated printed boards and coated components

2.10.8.1 Sample preparation and preliminary inspection

Three sample printed boards (or, for coated components in 2.10.7, two components and one
board) identified as samples 1, 2 and 3 are required. It is permitted to use either actual

boards or specially produced samples with representative coating and minimum separations.
Each sample board shall be representative of the minimum separations used, and coated.

Each sample Is subjected to the rtull sequence of manuracturing processes, Including
soldering and cleaning, to which it is normally subjected during equipment assembly.

When visually inspected, the boards shall show no evidence of pinholes or bubblestin-the
coating or breakthrough of conductive tracks at corners.

2.10.8.2 Thermal conditioning
Sample 1 (see 2.10.8.1) is subjected to the thermal cycling sequence of 2.1Q.9.

Sample 2 is aged in a full draught oven at a temperature and for a time duration chosen from
the graph of Figure 2J using the temperature index line that corresponds to the maximum
operating temperature of the coated board. The temperature of the oven is maintained at the
specified temperature = 2 °C. The temperature used to determine the temperature index line
is the highest temperature on the board where safety is involved.

When using Figure 2J, interpolation is permitted betweén the nearest two temperature index
lines.
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Temperature index lines
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Figure 2J — Thermal ageing time

2.10.8.3  Electric strength test
Samples 1 and 2 (see 2.10.8.1) are then subjected to the humidity conditioning of 2.9.2 and

shall withstand the refevant electric strength test of 5.2.2 between conductors.

2.10.8.4 Abrasion resistance test

Sample 3-(sée 2.10.8.1) is subjected to the following test.

Scratches are made across five pairs of conducting parts and the intervening separations at
points where the separations will be subject to the maximum potential gradient during the

tests.
The scratches are made by means of a hardened steel pin, the end of which has the form of a

cone having a tip angle of 40° its tip being rounded and polished, with a radius of

0,25 mm £ 0,02 mm.
Scratches are made by drawing the pin along the surface in a plane perpendicular to the
conductor edges at a speed of 20 mm/s + 5 mm/s as shown in Figure 2K. The pin is so loaded
that the force exerted along its axis is 10 N + 0,6 N. The scratches shall be at least 5 mm

apart and at least 5 mm from the edge of the specimen.
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After this test, the coating layer shall neither have loosened nor have been pierced, and it
shall withstand an electric strength test as specified in 5.2.2 between conductors. In the case
of metal core printed boards, the substrate is one of the conductors.

Direction of movenent
of pin

|

Specimen under test IEC 1552/05

NOTE The pin is in the plane ABCD which is perpendicular to-the specimen under test.

Figure 2K — Abrasion resistance test for coating layers

2.10.9 Thermal cycling

The following thermal cycling sequence’is used if required by 2.10.8.2, 2.10.10 or 2.10.11.

A sample of a component or sibassembly is subjected to the following sequence of tests. For
transformers, magnetic couplers and similar devices, if insulation is relied upon for safety, a
voltage of 500 V r.m.s. at“a’frequency of 50 Hz or 60 Hz is applied between windings, and
also between windings and other conductive parts during the following thermal cycling.

The sample is subjected ten times to the following sequence of thermal cycling:

68 h at T;+£2°C;

1 h at 25°C+2°C;

2 h at 0°C+t2°C;

not less than 1 h at 25°C 2 °C.

T,=Ty,+Tpa— Tamp *t 10 K, measured in accordance with 1.4.5 and, where relevant, 1.4.13,
or 85 °C, whichever is the higher. However, the 10 K margin is not added if the temperature is
measured by an embedded thermocouple or by the resistance method.

T, is the temperature of the parts measured during the test of 4.5.2.

The significance of T,,, and T,,, are as given in 1.4.12.1.
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The period of time taken for the transition from one temperature to another is not specified,
but the transition is permitted to be gradual.

There shall be no evidence of insulation breakdown during this conditioning.

2.10.10 Test for Pollution Degree 1 environment and for insulating compound

L =T R ot VI N | . ] . I 4 AL =S TR ~ 4 . R )
s test 1S5 corraucticu Wricri 1t 1S 1equirecu tO verily ad ronutorr Uecyrcc I CrivVITOTITTICTIU [WITTCTI

using Table 2N, 2.10.5.5 b) or Table G.2] or when required by 2.10.5.3 or 2.10.12.

NOTE It is not required to pass this test in connection with Tables 2K, 2L and 2M, where the requirements for
Pollution Degree 1 are the same as for Pollution Degree 2.

A sample is subjected to the thermal cycling sequence of 2.10.9. The sample is permitted to
cool to room temperature and is then subjected to the humidity conditioning of 2.92, followed
immediately by the electric strength tests of 5.2.2.

For other than printed boards, compliance is checked by inSpection of the cross-sectional
area, and there shall be no visible voids, gaps or cracks in the<dnsulating material.

In the case of insulation between conductors on the sarne inner surface of printed boards and
the insulation between conductors on different¢ Surffaces of multilayer printed boards,
compliance is checked by external visual inspectioh. There shall be no delamination which
affects the pollution degree.

2.10.11 Tests for semiconductor devices and for cemented joints

If required by 2.10.5.4 or 2.10.5.5 c)y;three samples are subjected to the thermal cycling
sequence of 2.10.9. Before testing a.cemented joint, any winding of solvent-based enamelled
wire used in the component is replaced by metal foil or by a few turns of bare wire, placed
close to the cemented joint.

The three samples are then'tested as follows:

— one of the samplés)is subjected to the relevant electric strength test of 5.2.2, immediately
after the last period at T, °C during thermal cycling, except that the test voltage is

multiplied by-16;

— the other_samples are subjected to the relevant electric strength test of 5.2.2 after the
humidity conditioning of 2.9.2, except that the test voltage is multiplied by 1,6.

Compliance is checked by inspection and measurement.

Except for cemented joints on the same inner surface of a printed board, compliance is
checked by inspection of the cross-sectional area, and there shall be no visible voids, gaps or
cracks 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 measurement and external visual inspection. There shall be no delamination.
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2.10.12 Enclosed and sealed parts

For components or subassemblies that are adequately enclosed by enveloping or hermetic
sealing to prevent ingress of dirt and moisture, the values for Pollution Degree 1 apply to
internal CLEARANCES and CREEPAGE DISTANCES.

NOTE Some examples of such construction include parts in boxes that are hermetically sealed by adhesive or
otherwise, and parts enveloped in a dip coat.

Compliance is checked by inspection from the outside, measurement and, if necessary, by
test. A component or subassembly is considered to be adequately enclosed if a sample
passes the tests of 2.10.10.

3 Wiring, connections and supply

3.1 General
3.1.1 Current rating and overcurrent protection

The cross-sectional area of internal wires and INTERCONNECTING CABLES shall be adequate for
the current they are intended to carry when the equipment is operating under NORMAL LOAD
such that the maximum permitted temperature of conductor insulation is not exceeded.

All internal wiring (including busbars) and INTERCONNECTING)CABLES used in the distribution of
PRIMARY CIRCUIT power shall be protected against overcurrent and short-circuit by suitably
rated protective devices.

Wiring not directly involved in the distribution.‘path does not require protection if it can be
shown that creation of hazards is unlikely (foryexample, indicating circuits).

NOTE 1 Devices for overload protection of componénts may also provide protection of associated wiring.

NOTE 2 Internal circuits connected to a MAINS, SUPPLY may require individual protection depending on reduced
wire size and length of conductors.

Compliance is checked by inspegtion and, as appropriate, by the tests of 4.5.2 and 4.5.3.

3.1.2 Protection against<mechanical damage

Wireways shall be smooth and free from sharp edges. Wires shall be protected so that they
do not come into centact with burrs, cooling fins, moving parts, etc., which could cause
damage to the insulation of conductors. Holes in metal, through which insulated wires pass,
shall have smeoth well-rounded surfaces or shall be provided with bushings.

It is permifted for wires to be in close contact with wire wrapping posts and the like if any
breakdown of insulation will not create a hazard, or if adequate mechanical protection is
provided by the insulation system.

Compliance is checked by inspection.

3.1.3 Securing of internal wiring

Internal wiring shall be routed, supported, clamped or secured in a manner that reduces the
likelihood of:

— excessive strain on wire and on terminal connections; and
— loosening of terminal connections; and

— damage of conductor insulation.

Compliance is checked by inspection.
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3.1.4 Insulation of conductors
Except as covered in 2.1.1.3 b), insulation of individual conductors of internal wiring shall fulfil

the requirements of 2.10.5 and be capable of withstanding the applicable electric strength test
specified in 5.2.2.

Where a power supply cord, whose insulating properties comply with those of the cord types

of 325 is used inside the pquipmpn'r, either as an extension of the external power Qllpply
cord or as an independent cable, the sheath of the power supply cord is considered to be
adequate SUPPLEMENTARY INSULATION for the purpose of 3.1.4.

NOTE Requirements regarding colours of insulation are in 2.6.3.5.

Compliance is checked by inspection and evaluation of test data showing that theprinSulation
withstands the relevant test voltage.

If such applicable test data is not available, compliance is checked by applying the electric
strength test using a sample of approximately 1 m in length and by applying the relevant test
voltage as follows:

— for insulation of a conductor: by the voltage test method given in.Clause 3 of IEC 60885-1,
using the relevant test voltage in 5.2.2 in this standard for the grade of insulation under
consideration; and

— for SUPPLEMENTARY INSULATION (for example, sleevingharound a group of conductors):
between a conductor inserted into the sleeve and\metal foil wrapped tightly round the
sleeve for a length of at least 100 mm.

3.1.5 Beads and ceramic insulators

Beads and similar ceramic insulators on conductors shall:

— be so fixed or supported that they“cannot change their position in such a way that a
hazard would be created; and

— not rest on sharp edges or sharp corners.
If beads are located inside flexible metal conduits, they shall be contained within an insulating

sleeve, unless the conduit is'mounted or secured in such a way that movement in normal use
would not create a hazard:

Compliance is checked by inspection and, where necessary, by the following test.

A force of 10 Nis applied to the insulators or to the conduit. The resulting movement, if any,
shall not create a hazard in the meaning of this standard.

3.1.6\_Screws for electrical contact pressure

Where electrical contact pressure is required, a screw shall engage at least two complete
threads into a metal plate, a metal nut or a metal insert.

Screws of insulating material shall not be used where electrical connections, including
protective earthing, are involved, or where their replacement by metal screws could impair
SUPPLEMENTARY INSULATION or REINFORCED INSULATION.

Where screws of insulating material contribute to other safety aspects, they shall be engaged
by at least two complete threads.

NOTE See also 2.6.5.7 for screws used for protective earthing continuity.

Compliance is checked by inspection.
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3.1.7 Insulating materials in electrical connections
Electrical connections, including those for protective earthing functions (see 2.6), shall be so
designed that contact pressure is not transmitted through insulating material unless there is

sufficient resilience in the metallic parts to compensate for any possible shrinkage or
distortion of the insulating material.

(‘nm’nlinnr‘p is checked hy inQ’nnr‘ﬁnn

3.1.8 Self-tapping and spaced thread screws

Spaced thread (sheet metal) screws shall not be used for the connection of current-catrying
parts, unless they clamp these parts directly in contact with each other and are provided with
a suitable means of locking.

Self-tapping (thread-cutting or thread-forming) screws shall not be used for the electrical
connection of current-carrying parts, unless they generate a full form standard machine screw
thread. Moreover, such screws shall not be used if they are operated by\the USER or installer
unless the thread is formed by a swaging action.

NOTE See also 2.6.5.7 for screws used for protective earthing continuity.

Compliance is checked by inspection.

3.1.9 Termination of conductors

Conductors shall be provided with a means (for\example, barriers or fixing), or be so
terminated, that they and their terminators (for €xample, ring terminals and flat quick-connect
terminals) cannot, in normal use, become<{so displaced that CLEARANCES or CREEPAGE
DISTANCES are reduced below the values specified in 2.10 (or Annex G).

It is permitted to use soldered, welded; crimped, screwless (push-in) and similar terminations
for the connection of conductors. Fer.soldered terminations, the conductor shall be positioned
or fixed so that reliance is not placed upon the soldering alone to maintain the conductor in
position.

In multiway plugs and sockets, and wherever shorting could otherwise occur, means shall be
provided to prevent contact between parts in SELV CIRCUITS or TNV CIRCUITS and parts at
HAZARDOUS VOLTAGE(due to loosening of a terminal or breaking of a wire at a termination.

Compliance is-checked by inspection, by measurement and, where necessary, by the
following test:

A forcelof*10 N is applied to the conductor near its termination point. The conductor shall not
break away or pivot on its terminal to the extent that CLEARANCES or CREEPAGE DISTANCES are
reduced below the values specified in 2.10 (or Annex G).

For the

Nl
o P oob—oi—aootootT g T

— two independent fixings will not become loose at the same time; and

— parts fixed by means of screws or nuts provided with self-locking washers or other means
of locking are not liable to become loose.

NOTE Spring washers and the like can provide satisfactory locking.

Examples of constructions regarded as meeting the requirements include:

— close-fitting tubing (for example, a heat shrink or rubber sleeve), applied over the wire and
its termination;
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— conductors connected by soldering and held in place near to the termination,
independently of the soldered connection;

— conductors connected by soldering and "hooked in" before soldering, provided that the
hole through which the conductor is passed is not unduly large;

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

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

— short rigid conductors that remain in position when the terminal screw is loosened.
3.1.10 Sleeving on wiring

Where sleeving is used as SUPPLEMENTARY INSULATION on internal wiring, it shall be retained
in position by positive means.

Compliance is checked by inspection.
Examples of constructions that are considered to meet the intent of this requirement include:

— sleeving that can be removed only by breaking or cutting obeither the wiring or sleeving;
— sleeving that is clamped at both ends;
— heat shrinkable sleeving that tightens against the wife insulation;

— sleeving that is of such length that it will not slip
3.2 Connection to a mains supply

3.2.1 Means of connection

3.211 Connection to an a.c. mains supply

For safe and reliable connection-to an AC MAINS SUPPLY, equipment shall be provided with one
of the following:

— terminals for permanent connection to the supply;

— a NON-DETACHABLEPOWER SUPPLY CORD for permanent connection to the supply, or for
connection to the supply by means of a plug;

NOTE In many countries, it is a legal requirement to provide a plug that complies with the national wiring rules.

— an appliance inlet for connection of a DETACHABLE POWER SUPPLY CORD;

— a mains plug that is part of DIRECT PLUG-IN EQUIPMENT.

Compliance is checked by inspection.

3.2.1.2 Connection to a d.c. mains supply

For safe and reliable connection to a DC MAINS SUPPLY, equipment shall be provided with one
of the following:

— terminals for permanent connection to the supply;

— a NON-DETACHABLE POWER SUPPLY CORD for permanent connection to the supply, or for
connection to the supply by means of a plug;

— an appliance inlet for connection of a DETACHABLE POWER SUPPLY CORD.
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Plugs and appliance inlets shall not be of a type that is used for AC MAINS SUPPLIES if a hazard
could be created by their use. Plugs and appliance inlets shall be so designed that reverse
polarity connections are prevented if a hazard could be created by such connection.

It is permitted for one pole of the DC MAINS SUPPLY to be connected both to an equipment
mains input terminal and to the main protective earthing terminal of the equipment, if any,
provided the equipment installation instructions detail the proper earthing for the system.

Compliance is checked by inspection.

3.2.2 Multiple supply connections

If equipment is provided with more than one supply connection (for example, with, different
voltages or frequencies or as backup power), the design shall be such that all of the following
conditions are met:

— separate means of connection are provided for different circuits; and

— supply plug connections, if any, are not interchangeable if a hazafd could be created by
incorrect plugging; and

— bare parts of an ELV CIRCUIT or parts at HAZARDOUS VOLTAGES) such as plug contacts, are
not accessible to an OPERATOR when one or more connectors’are disconnected.

Compliance is checked by inspection and for accessibility, where necessary, by a test with the
test finger, Figure 2A (see 2.1.1.1).

3.2.3 Permanently connected equipment
PERMANENTLY CONNECTED EQUIPMENT shall be provided with either:

— aset of terminals as specified in 3.3%or

— a NON-DETACHABLE POWER SUPPLY{(GORD.
PERMANENTLY CONNECTED EQUIPMENT having a set of terminals shall:

— permit the connection«6f the supply wires after the equipment has been fixed to its
support; and

— be provided with ;cable entries, conduit entries, knock-outs or glands, which allow
connection of the appropriate types of cables or conduits.

For equipment Jhaving a RATED CURRENT not exceeding 16 A, the cable entries shall be
suitable for cables and conduits having an overall diameter as shown in Table 3A.

Conduit~and cable entries and knock-outs for supply connections shall be so designed or
located that the introduction of the conduit and cable does not affect the protection against
electric shock, or reduce CLEARANCES and CREEPAGE DISTANCES below the values specified
in2.10 (or Annex G).

Compliance is checked by inspection, by a practical installation test and by measurement.
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Table 3A - Sizes of cables and conduits for equipment having
a rated current not exceeding 16 A

Number of conductors, Overall diameter
including the mm
PROTECTIVE EARTHING CONDUCTOR
where provided Cable Conduit

2 13,0 16,0 (22,2)
3 14,0 16,0 (22,2)
4 14,5 20,0 (27,8)
5 15,5 20,0 (27,8)

NOTE In Canada and the United States the dimensions in parentheses are the size of

conduit opening required for terminating nominal 1/2 inch and 3/4 inch trade size

conduits.

3.2.4 Appliance inlets
Appliance inlets shall meet all of the following:

— be so located or enclosed that parts at HAZARDOUS VOLTAGE are not accessible during
insertion or removal of the connector (appliance inlets.Complying with IEC 60309 or with
IEC 60320 are considered to comply with this requirement); and

— be so located that the connector can be inserted without difficulty; and

— be so located that, after insertion of the connector, the equipment is not supported by the
connector for any position of normal use on-a(flat surface.

Compliance is checked by inspection and,“for accessibility, by means of the test finger,
Figure 2A (see 2.1.1.1).

NOTE For Switzerland, see 3.2.1.1 Note.
3.2.5 Power supply cords
3.2.5.1 AC power supply cords

+cord-forfgennection-to-the AC-MAINS-SUPP hall A MAINS SUPPLY cord shall be
athed type(and comply with the following as appropriate:

- if rubber insulated sheathed, be of synthetic rubber and not lighter than ordinary tough
rubber-sheathed flexible cord according to IEC 60245-1 (designation 60245 |IEC 53);

- if PVCynstlated sheathed:

e _9or equipment provided with a NON-DETACHABLE POWER SUPPLY CORD and having a
mass not exceeding 3 kg, be not lighter than light PVC sheathed flexible cord
according to IEC 60227-1:2007 (designation 60227 IEC 52);

« for equipment provided with a NON-DETACHABLE POWER SUPPLY CORD and having a

Mass exceediNg 3 Kg, be not ifighter than ordinary PVC sSheathed flexible cord
according to IEC 60227-1:2007 (designation 60227 |IEC 53);

NOTE 1 There is no limit on the mass of the equipment if the equipment is intended for use with a DETACHABLE
POWER SUPPLY CORD.

« for equipment provided with a detachable power supply cord, be not lighter than light
PVC sheathed flexible cord according to IEC 60227-1:2007 (designation 60227 IEC
52);
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used-

« for screened cords of moveable equipment, the flexing test @?3.1 of
IEC 60227-2:1997;

NOTE 2 Although screened cords are not covered in the scope of IEC 60227-2, the rélevant flexing tests of
IEC 60227-2 are used.

- other types of cords may be used if they have similar or better elvét\)-mechanical and fire
safety properties as above. N

NOTE 3 Where national or regional standards exist, they can be usedﬁSQhow compliance with the above
paragraph. Q

For equipment required to have protective earthing, a @ CTIVE EARTHING CONDUCTOR shall
be included in the MAINS SUPPLY cord. N

A MAINS SUPPLY cord shall have conductors wi{g QCross-sectionaI area not less than those
specified in Table 3B. QQ

Compliance is checked by inspectio:g\&or screened cords, damage to the screen is
acceptable provided that: 7

- during the flexing test the scre oes not make contact with any conductor, and

- after the flexing test, the s le withstands the appropriate electric strength test between
the screen and all other6> uctors.
B\

C}\c‘}‘
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Q

&

N



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

- 130 - 60950-1 © IEC:2005+A1:2009

+A2:2013
Table 3B — Sizes of conductors
Minimum conductor sizes
RATED CURRENT of equipment Nominal AWG or kcmil
. [cross-sectional area
A cross-sectional area in mm2]
mm? see Note 2
Yptoamnd-mctuding 6 0775 18 f678%

Over 6 up to and including 10 (0,75) b 1,00 16 [1,3]

Over 10 up to and including 13 (1,0) ¢ 1,25 16 [1,3]

Over 13 up to and including 16 (1,0)¢ 1,5 14 [2]

Over 16 up to and including 25 2,5 12 [3]

Over 25 up to and including 32 4 10 [5]

Over 32 up to and including 40 6 8. [8]

Over 40 up to and including 63 10 6 [13]

Over 63 up to and including 80 16 4 [21]

Over 80 up to and including 100 25 2 [33]

Over 100 up to and including 125 35 1 [42]

Over 125 up to and including 160 50 0 [53]

Over 160 up to and including 190 70 000 [85]

Over 190 up to and including 230 95 0000 [107]

Over 230 up to and including 260 120 250 kemil [126]

Over 260 up to and including 300 150 300 kemil [152]

Over 300 up to and including 340 185 400 kemil  [202]

Over 340 up to and including 400 240 500 kemil [253]

Over 400 up to and including 460 300 600 kemil [304]

NOTE 1 IEC 60320 specifies acceptable,. combinations of appliance couplers and flexible cords, including
those covered by Footnotes a, b and ¢ above. However, several countries have indicated that they do not
accept all of the values listed in Table-8B, particularly those covered by Footnotes a, b and ¢ above.

NOTE 2 AWG and kcmil sizes are provided for information only. The associated cross-sectional areas, in
square brackets, have beenyrounded to show significant figures only. AWG refers to the American Wire
Gage and the term "cmil" refefs to circular mils where 1 cmil is the area of a circle having a diameter of
1 mil (one thousandth of an inch). These terms are commonly used to designate wire sizes in North
America.

a For RATED CURRENT, up to 3 A, a nominal cross-sectional area of 0,5 mm?2 is permitted in some countries
provided that the\length of the cord does not exceed 2 m.

b The valuesinparentheses applies to DETACHABLE POWER SUPPLY CORDS fitted with the connectors rated 10 A
in accordance with IEC 60320 (types C13, C15, C15A and C17) provided that the length of the cord does
not exeeed 2 m.

¢ The\value in parentheses applies to DETACHABLE POWER SUPPLY CORDS fitted with the connectors rated 16 A
in~accordance with IEC 60320 (types C19, C21 and C23) provided that the length of the cord does not
exceed 2 m.

3.2.5.2 DC power supply cords

A power supply cord for connection to the DC MAINS SUPPLY shall be suitable for the voltage,
current and the physical abuses it is likely to encounter.

Compliance is checked by inspection.

3.2.6 Cord anchorages and strain relief

For equipment with a NON-DETACHABLE POWER SUPPLY CORD, a cord anchorage shall be
supplied such that
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— the connecting points of the cord conductors are relieved from strain, and
— the outer covering of the cord is protected from abrasion.
It shall not be possible to push the cord back into the equipment to such an extent that the

cord or its conductors, or both, could be damaged or internal parts of the equipment could be
displaced.

For NON-DETACHABLE POWER SUPPLY CORDS containing a PROTECTIVE EARTHING CONDUCTOR, the
construction shall be such that if the cord should slip in its anchorage, placing a strain oh
conductors, the PROTECTIVE EARTHING CONDUCTOR will be the last to take the strain.

The cord anchorage shall either be made of insulating material or have a lining of, insulating
material complying with the requirements for SUPPLEMENTARY INSULATION. However,\where the
cord anchorage is a bushing that includes the electrical connection to the)screen of a
screened power cord, this requirement shall not apply. The construction “of the cord
anchorage shall be such that:

— cord replacement does not impair the safety of the equipment; and
— for ordinary replacement cords, it is clear how relief from strainlis to be obtained; and

— the cord is not clamped by a screw that bears directly{en’ the cord, unless the cord
anchorage, including the screw, is made of insulating-material and the screw is of
comparable size to the diameter of the cord being clamped; and

— methods such as tying the cord into a knot or tying/the cord with string are not used; and

— the cord cannot rotate in relation to the BoDY~of the equipment to such an extent that
mechanical strain is imposed on the electrical.connections.

Compliance is checked by inspection and by, applying the following tests that are made with
the type of power supply cord supplied withthe equipment.

The cord is subjected to a steady pull of the value shown in Table 3C, applied in the most
unfavourable direction. The test issconducted 25 times, each time for a duration of 1 s.

During the tests, the poweprsupply cord shall not be damaged. This is checked by visual
inspection, and by an_glectric strength test between the power cord conductors and
accessible conductive parts, at the test voltage appropriate for REINFORCED INSULATION.

After the tests, the power supply cord shall not have been longitudinally displaced by more
than 2 mm nor shall there be appreciable strain at the connections, and CLEARANCES and
CREEPAGE DISTANCES shall not be reduced below the values specified in 2.10 (or Annex G).

Table 3C - Physical tests on power supply cords

Mass (M) of the equipment Pull
kg N

Up to and including 1 30

Over 1 up to and including 4 60

Over 4 100

3.2.7 Protection against mechanical damage

Power supply cords shall not be exposed to sharp points or cutting edges within or on the
surface of the equipment, or at the inlet opening or inlet bushing.
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The overall sheath of a NON-DETACHABLE POWER SUPPLY CORD shall continue into the

equipment through any inlet bushing or cord guard and shall extend by at least half the cord
diameter beyond the clamp of the cord anchorage.

Inlet bushings, where used, shall

— be reliably fixed, and

— not be removable without the use of a TOOL.

A metallic inlet bushing shall not be used in a non-metallic ENCLOSURE.

An inlet bushing or cord guard secured to a conductive part that is not protectively earthed
shall meet the requirements for SUPPLEMENTARY INSULATION.

Compliance is checked by inspection and measurement.

3.2.8 Cord guards

A cord guard shall be provided at the power supply cord inlet openjng of equipment that has a
NON-DETACHABLE POWER SUPPLY CORD, and which is HAND-HELD EQUIPMENT or is intended to be
moved while in operation. Alternatively, the inlet or bushing shall"be provided with a smoothly
rounded bell-mouthed opening having a radius of curvature -equal to at least 150 % of the
overall diameter of the cord with the largest cross-sectionallarea to be connected.

Cord guards shall

— be so designed as to protect the cord against excessive bending where it enters the
equipment,

— be of insulating material,
— be fixed in a reliable manner, and

— project outside the equipment beyond the inlet opening for a distance of at least five times
the overall diameter or, for.flat cords, at least five times the major overall cross-sectional
dimension of the cord.

Compliance is checked\-by inspection, by measurement and, where necessary, by the
following test with the:cord as delivered with the equipment.

The equipment is\so placed that the axis of the cord guard, where the cord leaves it, projects
at an angle of 45° when the cord is free from stress. A mass equal to 10 x D2 g is then
attached to 'the free end of the cord, where D is the overall diameter of, or for flat cords, the
minor overall dimension of the cord, in millimetres.

If thescord guard is of temperature-sensitive material, the test is made at 23 °C + 2 °C.

Flat cords are bent in the plane of least resistance.

Immediately after the mass has been attached, the radius of curvature of the cord shall
nowhere be less than 1,5 D.

3.2.9 Supply wiring space

The supply wiring space provided inside, or as part of, the equipment for permanent connection or
for connection of an ordinary NON-DETACHABLE POWER SUPPLY CORD shall be designed:

— to allow the conductors to be introduced and connected easily; and
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— so that the uninsulated end of a conductor is unlikely to become free from its terminal, or,
should it do so, cannot come into contact with:
e an accessible conductive part that is not protectively earthed; or

e an accessible conductive part of HAND-HELD EQUIPMENT; and

— to permit checking before fitting the cover, if any, that the conductors are correctly
connected and positioned; and

— so that covers, if any, can be fitted without risk of damage to the supply conductors or
their insulation; and

— so that covers, if any, giving access to the terminals can be removed with a commenly
available TOOL.

Compliance is checked by inspection and by an installation test with cords .of<the largest
cross-sectional area of the appropriate range specified in 3.3.4.

3.3 Wiring terminals for connection of external conductors
3.3.1 Wiring terminals

PERMANENTLY CONNECTED EQUIPMENT and equipment with ordinary NON-DETACHABLE POWER
SUPPLY CORDS shall be provided with terminals in which connection is made by means of
screws, nuts or equally effective devices (see also 2.6.4).

Compliance is checked by inspection.

3.3.2 Connection of non-detachable power supply cords

For equipment with special NON-DETACHABLE POWER SUPPLY CORDS, the connection of the
individual conductors to the internal wiring*of the equipment shall be accomplished by any
means that will provide a reliable electrical and mechanical connection without exceeding
the permitted temperature limits while the equipment is operated under NORMAL LOAD
(see also 3.1.9).

Compliance is checked by inspection and by measuring the temperature of the connection
which shall not exceed the*values of 4.5.3, Table 4B.

3.3.3 Screw terminajls

Screws and nuts.that clamp external MAINS SUPPLY conductors shall have a thread conforming
to ISO 261 or{ISO 262, or a thread comparable in pitch and mechanical strength (for example,
unified threads). The screws and nuts shall not serve to fix any other component, except that
they are permitted also to clamp internal conductors provided that the internal conductors are
so arranged that they are unlikely to be displaced when fitting the supply conductors. For
protective earthing terminals and protective bonding terminals, see also 2.6.4.2.

The terminals of a component (for example, a switch) built into the equipment are permitted

for use as terminals 1or external MAINS SUPPLY conductors, provided that they comply with the
requirements of 3.3.

Compliance is checked by inspection.

3.3.4 Conductor sizes to be connected

Terminals shall allow the connection of conductors having nominal cross-sectional areas as
shown in Table 3D.

Where heavier gauge conductors are used, the terminals shall be sized accordingly.
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Compliance is checked by inspection, by measurement and by fitting cords of the smallest
and largest cross-sectional areas of the appropriate range shown in Table 3D.

Table 3D — Range of conductor sizes to be accepted by terminals

Nominal cross-sectional area
RATED CURRENT of equipment mm?

h Flexible cords Other cables

Up to and including 3 0,5 to 0,75 1 to 2,5

Over 3 up to and including 6 0,75 to 1 1 to 2,5

Over 6 up to and including 10 1 to 1,5 1 to 2,5
Over 10 up to and including 13 1,25 to 1,5 1,5 to 4
Over 13 up to and including 16 1,5 to 2,5 1,5 to 4
Over 16 up to and including 25 2,5 to 4 2,5 to 6
Over 25 up to and including 32 4 to 6 4 to 10
Over 32 up to and including 40 6 to 10 6 to 16
Over 40 up to and including 63 10 to 16 10 to 25

3.3.5 Wiring terminal sizes

Pillar, stud or screw type terminals shall comply with. the minimum sizes in Table 3E.
Compliance is checked by inspection and meaSurement.

Table 3E — Sizes of terminals for mains supply conductors
and protective earthing conductors @

I
A
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Minimum nominal thread Area of cross section
RATED CURRENT Conductor size dia::ter mm*
A mm?2
up to and including Pillar type or | Screw type ® | Pillar type or | Screw type °
stud type stud type
10 1 3,0 3,5 7 9,6
16 1,5 3,5 4,0 9,6 12,6
25 2,5 4,0 5,0 12,6 19,6
32 4 4,0 5,0 12,6 19,6
40 6 5,0 5,0 19,6 19,6
63 10° 6,0 6,0 28 28
80 16° 7,9 7,9 49 49

This table is also used for the sizes of terminals for PROTECTIVE BONDING CONDUCTORS |fs specified in
2.6.4.2.

"Screw type" refers to a terminal that clamps the conductor under the head of a screw, with or without a
washer.

As an alternative to the requirements of this table, the protective earthing cogductor may be attached to
special connectors, or suitable clamping means (for example, an upturnedspade or closed loop pressure
type; clamping unit type; saddle clamping unit type; mantle clamping unit type; etc.) that is secured by a
screw and nut mechanism to the metal chassis of the equipment. The{stm of the cross-sectional areas of
the screw and the nut shall not be less than three times the cross.sectional area of the conductor size in
Table 2D or Table 3B as applicable. The terminals shall complywith IEC 60998-1 and IEC 60999-1 or
IEC 60999-2.

3.3.6 Wiring terminal design

Wiring terminals shall be so designed that.they clamp the conductor between metal surfaces
with sufficient contact pressure and without*damage to the conductor.

Terminals shall be so designed or\located that the conductor cannot slip out when the
clamping screws or nuts are tightened.

Terminals shall be providedcwith appropriate fixing hardware for the conductors (for example,
nuts and washers).

Terminals shall be so/fixed that, when the means of clamping the conductor is tightened or
loosened, all of the following apply:

— the terminatitself does not work loose;
— intergalwiring is not subjected to stress; and

— CLEARANCES and CREEPAGE DISTANCES are not reduced below the values specified in 2.10
(or Annex G).

Compliance is checked by inspection and measurement.

3.3.7 Grouping of wiring terminals

For ordinary NON-DETACHABLE POWER SUPPLY CORDS and for PERMANENTLY CONNECTED
EQUIPMENT, all associated AC MAINS SUPPLY terminals shall be located in proximity to each
other and to the main protective earthing terminal, if any.

For ordinary NON-DETACHABLE POWER SUPPLY CORDS and for PERMANENTLY CONNECTED
EQUIPMENT, all associated DC MAINS SUPPLY terminals shall be located in proximity to each
other. They need not be located in proximity to the main protective earthing terminal, if any,
provided the installation instructions detail the proper earthing of the system.
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Compliance is checked by inspection.

3.3.8 Stranded wire

The end of a stranded conductor shall not be consolidated by soft soldering at places where
the conductor is subject to contact pressure unless the method of clamping is designed so as
to reduce the likelihood of a bad contact due to cold flow of the solder.

Spring terminals that compensate for the cold flow are deemed to satisfy this requirement.
Preventing the clamping screws from rotating is not considered to be adequate.

Terminals shall be located, guarded or insulated so that, should a strand of(a flexible
conductor escape when the conductor is fitted, there is no likelihood of accidental contact
between such a strand and

— accessible conductive parts, or

— unearthed conductive parts separated from accessible «.conductive parts by
SUPPLEMENTARY INSULATION only.

Compliance is checked by inspection and, unless a special cord)is prepared in such a way as
to prevent the escape of strands, by the following test.

A piece of insulation approximately 8 mm long is remaved from the end of a flexible conductor
having the appropriate nominal cross-sectional area.~One wire of the stranded conductor is
left free and the other wires are fully inserted into, @nd clamped in the terminal.

Without tearing the insulation back, the free“wire is bent in every possible direction, but
without making sharp bends around the guard.

If the conductor is at HAZARDOUS VOLTAGE, the free wire shall not touch any conductive part
that is accessible or is connected_to”an accessible conductive part or, in the case of DOUBLE
INSULATED equipment, any conductive part that is separated from accessible conductive parts
by SUPPLEMENTARY INSULATION-ohly.

If the conductor is connected to an earthing terminal, the free wire shall not touch any part at
HAZARDOUS VOLTAGE;

34 Disconnection from the mains supply
3.4.1 General requirement

A disconnect device or devices shall be provided to disconnect the equipment from the MAINS
SUPRLY/for servicing.

NOTE Instructions may be provided to allow servicing parts of the equipment with or without opening the
disconnect device.

Compliance is checked by inspection.

3.4.2 Disconnect devices

For equipment intended to be powered from an AC MAINS SUPPLY that is Overvoltage
Category I, Overvoltage Category Il or Overvoltage Category lll, or from a DC MAINS SUPPLY
that is at a HAZARDOUS VOLTAGE, a disconnect device shall have a contact separation of at
least 3 mm. For an AC MAINS SUPPLY that is Overvoltage Category IV, refer to IEC 60947-1.
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For equipment intended to be powered from a DC MAINS SUPPLY that is not at a HAZARDOUS
VOLTAGE, a disconnect device shall have a contact separation at least equal to the minimum
CLEARANCE for BASIC INSULATION.

NOTE For a bC MAINS SUPPLY, additional measures may be necessary to prevent arcing in the disconnect device,
depending on the circuit.

If a disconnect device is incorporated in the equipment, it shall be connected as closely as

nraeteable—to-thetneaormiba—a-Hao Iy
T
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Functional switches are permitted as disconnect devices provided that they comply with\all
the requirements for disconnect devices. However, these requirements do not apply“to
functional switches where other means of isolation are provided.

The following types of disconnect devices are permitted:

the MAINS SUPPLY plug on the power supply cord;

— a MAINS SUPPLY plug that is part of DIRECT PLUG-IN EQUIPMENT;
— an appliance coupler;

— an isolating switch;

— a circuit-breaker;

— for a DC MAINS SUPPLY that is not at a HAZARDOUS VOLTAGE, a removable fuse, provided that
it is accessible only to a SERVICE PERSON;

— any equivalent device.

Compliance is checked by inspection.

3.4.3 Permanently connected equipment

For PERMANENTLY CONNECTED EQUIRMENT, the disconnect device shall be incorporated in the
equipment, unless the equipmentiis”accompanied by installation instructions in accordance
with 1.7.2.1, stating that an appropriate disconnect device shall be provided external to the
equipment.

NOTE External disconnect deyvices will not necessarily be supplied with the equipment.

Compliance is checked by inspection.

3.4.4 Parts which remain energized

Parts on the-supply side of a disconnect device in the equipment which remain energized
when the'disconnect device is switched off shall be guarded so as to reduce the likelihood of
accidental contact by a SERVICE PERSON.

Compliance is checked by inspection.

3.4.5 Switches in flexible cords

Isolating switches shall not be fitted in flexible cords.
Compliance is checked by inspection.

3.4.6 Number of poles - single-phase and d.c. equipment

A disconnect device, if provided in or as part of the equipment, shall disconnect both poles
simultaneously, except that
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— if it is possible to rely on the identification of the earthed conductor in the DC MAINS
SUPPLY, or an earthed neutral in an AC MAINS SUPPLY, it is permitted to use a single-pole
disconnect device that disconnects the unearthed (line) conductor, or

— if it is not possible to rely on the identification of the earthed conductor in the DC MAINS
SUPPLY, or an earthed neutral in an AC MAINS SUPPLY, and the equipment is not provided
with a two-pole disconnect device, the installation instructions shall specify that a two-pole
disconnect device is to be provided external to the equipment.

NOTE Some examples of cases where a two-pole disconnect device is required (because identification of an
earthed conductor in the MAINS SUPPLY is not possible) are:

— on equipment supplied from an IT power system;

— on PLUGGABLE EQUIPMENT supplied through a reversible appliance coupler or a reversible plug (Unless the
appliance coupler or plug itself is used as the disconnect device);

— on equipment supplied from a socket-outlet with unidentified or indeterminate polarity.

Compliance is checked by inspection.

3.4.7 Number of poles — three-phase equipment

For three-phase equipment, the disconnect device shall disconnect simultaneously all line
conductors of the AC MAINS SUPPLY.

For equipment requiring a neutral connection to an [ -power distribution system, the
disconnect device shall be a four-pole device and shall disconnect all line conductors and the
neutral conductor. If this four-pole device is not provided in the equipment, the installation
instructions shall specify the need for the provision of the device external to the equipment.

If a disconnect device interrupts the neutral conductor, it shall simultaneously interrupt all line
conductors.

Compliance is checked by inspection.

3.4.8 Switches as disconnect devices

Where the disconnect device is a switch incorporated in the equipment, its "ON" and "OFF"
positions shall be marked,in-accordance with 1.7.8.

Compliance is checked by inspection.

3.49 Plugs as'disconnect devices

Where a_plug on the power supply cord is used as the disconnect device, the installation
instructions shall comply with 1.7.2.1.

Compliance is checked by inspection.

2 410 1
.. 1TV 1mite

Where a group of units having individual supply connections is interconnected in such a way
that it is possible for HAZARDOUS VOLTAGE or HAZARDOUS ENERGY LEVELS to be transmitted
between units, a disconnect device shall be provided to disconnect hazardous parts likely to
be contacted while the unit under consideration is being serviced, unless these parts are
guarded and marked with appropriate warning labels. In addition a prominent label shall be
provided on each unit giving adequate instructions for the removal of all such power from the
unit.

Compliance is checked by inspection.
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3.4.11  Multiple power sources
Where a unit receives power from more than one source (for example, different voltages or
frequencies or as backup power), there shall be a prominent marking at each disconnect

device giving adequate instructions for the removal of all power from the unit.

If the disconnect device is not in the equipment, the marking shall be on the equipment and
located close to the MAINS input terminals.

Compliance is checked by inspection.

3.5 Interconnection of equipment
3.5.1 General requirements

Where an equipment is intended to be electrically connected to another equipment, to an
accessory or to a TELECOMMUNICATION NETWORK, interconnection circuits shall' be selected to
provide continued conformance to the requirements of 2.2 for SELV CIRCUITS, and with the
requirements of 2.3 for TNV CIRCUITS, after making connections.

NOTE 1 This is normally achieved by connecting SELV CIRCUITS to SELV CIRCUITS, and TNV CIRCUITS to TNV
CIRCUITS.

Additionally, SELV CIRCUITS of data ports for connection to othe€r equipment or accessories
shall limit the risk of fire in the connected equipment as spécified in 3.5.4.

NOTE 2 It is permitted for an INTERCONNECTING CABLE to contain\meore than one type of circuit (for example, SELV
CIRCUIT, LIMITED CURRENT CIRCUIT, TNV CIRCUIT, ELV CIRCUIT or‘HAZARDOUS VOLTAGE circuit) provided that they are
separated as required by this standard.

Compliance is checked by inspection.

3.5.2 Types of interconnection circuits
Each interconnection circuit shall be<ene of the following types:

— an SELV CIRCUIT or a LIMITED.CURRENT CIRCUIT; or
— a TNV-1 CIRCUIT, TNV-2 CIRCUIT or TNV-3 CIRCUIT; or
— a HAZARDOUS VOLTAGELcircuit.

Except as permitted in’3.5.3, interconnection circuits shall not be ELV CIRCUITS.

Compliance is,checked by inspection.

3.5.3 ELVW.circuits as interconnection circuits

Where Jadditional equipment is specifically complementary to the host (first) equipment (for
example, a collator for a copying machine) ELV CIRCUITS are permitted as interconnection
circuits between the equipments, provided that the equipments continue to meet the
requirements of this standard when connected together.

Compliance is checked by inspection.

3.5.4 Data ports for additional equipment

To limit the risk of fire in an additional equipment or accessory (for example, a scanner,
mouse, keyboard, DVD drive, CD ROM drive or joystick), SELV CIRCUITS of a data port for
connection of such equipment shall be supplied by a limited power source that complies with
2.5. This requirement does not apply if it is known that the additional equipment complies with
4.7.
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NOTE It is recommended that manufacturers of accessories and their INTERCONNECTING CABLES include protection
against fault currents up to 8 A at 100 VA, the maximum available from a limited power source in compliance with
Table 2B.

Compliance is checked by inspection and, if necessary, by test.

4 Physical requirements

4.1 Stability

Under conditions of normal use, units and equipment shall not become physically unstable to
the degree that they could become a hazard to an OPERATOR or to a SERVICE PERSON.

If units are designed to be fixed together on site and not used individually, theZstability of
each individual unit is exempt from the requirements of 4.1.

The requirements of 4.1 are not applicable if the installation instructions for a unit specify that
the equipment is to be secured to the building structure before operation:

Under conditions of OPERATOR use, a stabilizing means, if needed, shall be automatic in
operation when drawers, doors, etc., are opened.

During operations performed by a SERVICE PERSON, the ‘'stabilizing means, if needed, shall
either be automatic in operation, or a marking shall\be provided to instruct the SERVICE
PERSON to deploy the stabilizing means.

Compliance is checked by the following tests, where relevant. Each test is conducted
separately. During the tests, containers are~to/contain the amount of substance within their
rated capacity producing the most disadvantageous condition. All castors and jacks, if used in
normal operation, are placed in their most unfavourable position, with wheels and the like
locked or blocked. However, if the castors are intended only to transport the unit, and if the
installation instructions require jacks\to be lowered after installation, then the jacks (and not
the castors) are used in this test;\the jacks are placed in their most unfavourable position,
consistent with reasonable levelling of the unit.

— A unit having a mass of.¥ kg or more shall not fall over when tilted to an angle of 10° from
its normal upright position. Doors, drawers, etc., are closed during this test. A unit provided
with multi-positiopakfeatures shall be tested in the least favourable position permitted by
the construction. Afternatively, the unit is placed in its intended position of use on a plane,
inclined at an’angle of 10° to the horizontal, and then rotated slowly through an angle of
360° about(its*normal vertical axis.

NOTE It cedld be the plane being turned around or the plane could be stationary and the equipment is
rotated*

— A(floor-standing unit having a mass of 25 kg or more shall not fall over when a force equal
to~20 % of the weight of the unit, but not more than 250 N, is applied in any direction
éxcept upwards, at a height not exceeding 2 m from the floor. Doors, drawers, etc., which
may be moved for servicing by the OPERATOR or by a SERVICE PERSON, are placed in their

most unfavourable position, consistent with the installation instructions.

— A floor-standing unit shall not fall over when a constant downward force of 800 N is
applied at the point of maximum moment to any horizontal surface of at least 125 mm by at
least 200 mm, at a height up to 1 m from the floor. Doors, drawers, etc., are closed during
this test. The 800 N force is applied by means of a suitable test tool having a flat surface of
approximately 125 mm by 200 mm. The downward force is applied with the complete flat
surface of the test tool in contact with the EUT; the test tool need not be in full contact with
uneven surfaces (for example, corrugated or curved surfaces).



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

60950-1 © IEC:2005+A1:2009 -141 -
+A2:2013

4.2 Mechanical strength
4.21 General
Equipment shall have adequate mechanical strength and shall be so constructed that no

hazard is created in the meaning of this standard when subjected to handling as may be
expected. For additional requirements for rack-mounted equipment, see Annex DD.

Mechanical strength tests are not required on an internal barrier, screen or the Tike, provided
to meet the requirements of 4.6.2, if the ENCLOSURE provides mechanical protection.

A MECHANICAL ENCLOSURE shall be sufficiently complete to contain or deflect parts, which
because of failure or for other reasons, might become loose, separated or throwm from a
moving part.

Compliance is checked by inspection of the construction and available 'data and, where
necessary, by the relevant tests of 4.2.2 to 4.2.7 as specified.

The tests are not applied to handles, levers, knobs, the face of cathode ray tubes (see 4.2.8)
or to transparent or translucent covers of indicating or measuring devices, unless parts at
HAZARDOUS VOLTAGE are accessible by means of the test finget, Figure 2A (see 2.1.1.1), if the
handle, lever, knob or cover is removed.

During the tests of 4.2.2, 4.2.3 and 4.2.4, earthed oruriearthed conductive ENCLOSURES shall
not bridge parts between which a HAZARDOUS ENERGY-LEVEL exists and shall not contact a bare
part at HAZARDOUS VOLTAGE. For voltages excegeding 1 000 V a.c. or 1 500 V d.c., contact is
not permitted and there shall be an air gap between the part at HAZARDOUS VOLTAGE and the
ENCLOSURE. This air gap shall either have @ minimum length equal to the minimum CLEARANCE
specified in 2.10.3 (or Annex G) for BASIC INSULATION or withstand the relevant electric
strength test in 5.2.2.

After the tests of 4.2.2 to 4.2.7, the sample shall continue to comply with the requirements of
2.1.1, 2.6.1, 2.10, 3.2.6 and 4.44. It shall show no signs of interference with the operation of
safety features such as THERMAL CUT-OUTS, overcurrent protection devices or interlocks. In
case of doubt, SUPPLEMENTARY INSULATION or REINFORCED INSULATION is Subjected to an
electric strength test asspecified in 5.2.2.

Damage to finish,cracks, dents and chips are disregarded if they do not adversely affect safety.

NOTE If a separate ENCLOSURE or part of an ENCLOSURE is used for a test, it may be necessary to reassemble
such parts on the)equipment in order to check compliance.

4.2.2 <Steady force test, 10 N

Components and parts, other than parts serving as an ENCLOSURE (see 4.2.3 and 4.2.4), are
subjected to a steady force of 10 N £ 1 N.

Compliance criteria are in 4.2.1.

4.2.3 Steady force test, 30 N

Parts of an ENCLOSURE located in an OPERATOR ACCESS AREA, which are protected by a cover
or door meeting the requirements of 4.2.4, are subjected to a steady force of 30 N + 3 N for a
period of 5 s, applied by means of a straight unjointed version of the test finger, Figure 2A
(see 2.1.1.1), to the part on or within the equipment.

Compliance criteria are in 4.2.1.
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4.2.4 Steady force test, 250 N

External ENCLOSURES are subjected to a steady force of 250 N + 10 N for a period of 5 s,
applied in turn to the top, bottom and sides of the ENCLOSURE fitted to the equipment, by
means of a suitable test tool providing contact over a circular plane surface 30 mm in
diameter. However, this test is not applied to the bottom of an ENCLOSURE of equipment
having a mass of more than 18 kg.

Compliance criteria are in 4.2.1.

4.2.5 Impact test

Except for equipment identified in 4.2.6, external surfaces of ENCLOSURES, the failure of which
would give access to hazardous parts, are tested as follows.

A sample consisting of the complete ENCLOSURE, or a portion thereof representing the largest
unreinforced area, is supported in its normal position. A solid smooth steel ball, approximately
50 mm in diameter and with a mass of 500 g + 25 g, is permitted to\fall freely from rest
through a vertical distance (H) of 1,3 m (see Figure 4A) onto the sample. (Vertical surfaces
are exempt from this test.)

In addition, the steel ball is suspended by a cord and swung as,a pendulum in order to apply a
horizontal impact, dropping through a vertical distance (H).of 1,3 m (see Figure 4A) onto the
sample. (Horizontal surfaces are exempt from this test:) Alternatively, the sample is rotated
90° about each of its horizontal axes and the ball dropped as in the vertical impact test.

The bottoms of ENCLOSURES are also tested if the operating instructions permit an orientation
in which the bottom of the ENCLOSURE becomeS the top or a side of the ENCLOSURE.

The impact test is_not applied to the following:

the face of‘acathode ray tube (see 4.2.8);
— the piatén glass of equipment (for example, on a copying machine);

— {He surface of the ENCLOSURE of STATIONARY EQUIPMENT, including EQUIPMENT FOR BUILDING-
IN, that is inaccessible and protected after installation;

— @ T1at panel dispiay

e having a surface area of glass not exceeding 0,1 m® or with a major dimension not
exceeding 450 mm; or

e made of laminated glass; or
NOTE Laminated glass includes constructions such as plastic film affixed to a single side of the glass.
e that has been evaluated and complies with 19.5 of IEC 60065.

Compliance criteria are in 4.2.1.
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Figure 4A — Impact test using a steel ball
4.2.6 Drop test

The following equipment is subjected to a drop test:

— HAND-HELD EQUIPMENT,

DIRECT PLUG-IN EQUIPMENT,;
— TRANSPORTABLE EQUIPMENT;

— desk-top equipment having a massyof 5 kg or less that is intended for use with any one of
the following:

e a cord-connected telephone*handset, or
e another cord-connected hand-held accessory with an acoustic function, or
e a headset;

— MOVABLE EQUIPMENT-requiring lifting or handling by the USER as part of its intended use.

NOTE An example.ofisuch equipment is a paper shredder that rests on a waste container, requiring its removal to
empty the containen,

To determine compliance, a sample of the complete equipment is subjected to three impacts
that result-from being dropped onto a horizontal surface in positions likely to produce the most
adverse‘results.

The height of the drop shall be:

— 750 mm £ 10 mm for desk-top equipment as described above;
— 750 mm £ 10 mm for MOVABLE EQUIPMENT as described above;

- 1000 mm + 10 mm for HAND-HELD EQUIPMENT, DIRECT PLUG-IN EQUIPMENT and
TRANSPORTABLE EQUIPMENT.

The horizontal surface consists of hardwood at least 13 mm thick, mounted on two layers of
plywood each 19-mmto-20-mm 18 mm £ 2 mm thick, all supported on a concrete or equivalent
non-resilient floor.

Compliance criteria are in 4.2.1.
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4.2.7 Stress relief test

ENCLOSURES of moulded or formed thermoplastic materials shall be so constructed that any
shrinkage or distortion of the material due to release of internal stresses caused by the
moulding or forming operation does not result in the exposure of hazardous parts or in the
reduction of CLEARANCES or CREEPAGE DISTANCES below the values specified in 2.10 (or
Annex G).

Compliance is checked by the mould stress relief test of IEC 60695-10-3, or by the test
procedure described below, or by the inspection of the construction and the available data
where appropriate.

One sample consisting of the complete equipment, or of the complete ENCLOSURE together
with any supporting framework, is placed in a circulating air oven {(ageording—to
1EC 60216-4-1) at a temperature 10 K higher than the maximum temperature observed on the
ENCLOSURE during the test of 4.5.2, but not less than 70 °C, for a period of 7 ‘h;then permitted
to cool to room temperature.

With the concurrence of the manufacturer, it is permitted to increase the above time duration.

For large equipment where it is impractical to condition a complefe ENCLOSURE, it is permitted
to use a portion of the ENCLOSURE representative of the complete assembly with regard to
thickness and shape, including any mechanical support members.

NOTE Relative humidity need not be maintained at a specific valde dudring this test.

If the above test is conducted, the compliance criteria of 4.2.1 apply.

4.2.8 Cathode ray tubes

If a cathode ray tube having a maximum)face dimension exceeding 160 mm is included in
the equipment, either the cathode ray, tube or the ENCLOSURE with the cathode ray tube
correctly installed shall comply with the requirements of Clause 18 of IEC 60065 for
mechanical strength of cathode ray:tubes.

NOTE Clause 18 of IEC 60065 requires cathode ray tubes either to pass the tests specified in 18.1 or to comply
with IEC 61965. In the future amendment 2 to IEC 60065:2001, anticipated for 2006 at the earliest, it is intended
that intrinsically-protected cathedé’ray tubes will be required to comply with IEC 61965, with no option as presently
permitted in the seventh edition. The test now in 18.3 of IEC 60065 will continue to apply to non-intrinsically-
protected tubes, which are not in the Scope of IEC 61965.

Compliance is checked by inspection, by measurement and, if necessary, by the relevant
requirements and tests of Clause 18 of IEC 60065.

4.2.9 High'pressure lamps

TheMECHANICAL ENCLOSURE of a high pressure lamp shall have adequate strength to contain
ap- explosion of the lamp so as to reduce the likelihood of harm to an OPERATOR or person
nedr the equipment during normal use or OPERATOR servicing.

For the purpose of this standard, a "high pressure lamp" means one in which the pressure
exceeds 0,2 MPa when cold or 0,4 MPa when operating.

Compliance is checked by inspection.

NOTE 2.10.3.5 may also apply in some cases.
4.2.10 Wall or ceiling mounted equipment

The mounting means of equipment intended for wall or ceiling mounting shall be adequate.
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Compliance is checked by inspection of the construction and of available data, or where
necessary, by the following test.

The equipment is mounted in accordance with the installation instructions. A force, in addition
to the weight of the equipment, is applied downwards through the centre of gravity of the
equipment, for 1 min. The additional force shall be equal to three times the weight of the
equipment but not less than 50 N. The equipment and its associated mounting means shall

rﬂmaln Saclre n’urrnn fha tost /\‘Ffar fha fnof tha ocauinment includinag S aconciatad
SEe6HHe tHO—O-GtHP e

......................
mounting plate, shall not be damaged.

4.3 Design and construction
4.3.1 Edges and corners

Where edges or corners could be hazardous to OPERATORS because of location or application
in the equipment, they shall be rounded or smoothed.

This requirement does not apply to edges or corners that are required for proper functioning
of the equipment.

Compliance is checked by inspection.

4.3.2 Handles and manual controls

Handles, knobs, grips, levers and the like shall be.feliably fixed so that they will not work
loose in normal use, if this might create a hazard. Sealing compounds and the like, other than
self-hardening resins, shall not be used to prevent leosening.

If handles, knobs and the like are used “to indicate the position of switches or similar
components, it shall not be possible to_fix'them in a wrong position if this might create a
hazard.

Compliance is checked by inspection, by manual test and by trying to remove the handle,
knob, grip or lever by applying fép 1 min an axial force as follows.

If the shape of these parts is such that an axial pull is unlikely to be applied in normal use, the
force is:

— 15 N for the operating means of electrical components; and

— 20 N in othercases.
If the shape. is such that an axial pull is likely to be applied, the force is:

— 30 N for the operating means of electrical components; and

—(" 450 N in other cases.

4.3.3 Adjustable controls

Equipment shall be so constructed that manual adjustment of a control device, such as a
device for selection of different AC MAINS SUPPLY voltages, requires the use of a TooL if
incorrect setting or inadvertent adjustment might create a hazard.

NOTE Marking requirements for supply voltage adjustment are in 1.7.4.

Compliance is checked by manual test.
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4.3.4 Securing of parts

Screws, nuts, washers, springs or similar parts shall be secured so as to withstand
mechanical stresses occurring in normal use if loosening would create a hazard, or if
CLEARANCES or CREEPAGE DISTANCES for SUPPLEMENTARY INSULATION or REINFORCED INSULATION
would be reduced below the values specified in 2.10 (or Annex G).

NOTE 1 Requirements regarding fixing of conductors are in 3.1.9.

Compliance is checked by inspection, by measurement and by manual test.

For the purpose of assessing compliance:

— it is assumed that two independent fixings will not become loose at the same tine; ‘and

— it is assumed that parts fixed by means of screws or nuts provided with Self-locking
washers or other means of locking are not liable to become loose.

NOTE 2 Spring washers and the like can provide satisfactory locking.

4.3.5 Connection by plugs and sockets

Within a manufacturer’s unit or system, plugs and sockets likely;to be used by the OPERATOR
or by a SERVICE PERSON shall not be employed in a manner.likely to create a hazard due to
misconnection. In particular, connectors complying with IEC 60083 or IEC 60320 shall not be
used for SELV CIRCUITS or TNV CIRCUITS. Keying, location or, in the case of connectors
accessible only to a SERVICE PERSON, clear markings are’permitted to meet the requirement.

Compliance is checked by inspection.

4.3.6 Direct plug-in equipment

DIRECT PLUG-IN EQUIPMENT shall not impese undue stress on the socket-outlet. The mains plug
part shall comply with the standard for the relevant mains plug.

Compliance is checked by inspection and, if necessary, by the following test.

The equipment is inserted,\as in normal use, into a fixed socket-outlet of a configuration as
intended by the manufacturer, which can be pivoted about a horizontal axis intersecting the
centre lines of the contacts at a distance of 8 mm behind the engagement face of the socket-
outlet. The additional torque that has to be applied to the socket-outlet to maintain the
engagement face'in the vertical plane shall not exceed 0,25 N - m.

NOTE 1 In Adstralia and New Zealand, compliance is checked in accordance with AS/NZS 3112.

NOTE 2 In.the United Kingdom, the torque test is performed using a socket-outlet complying with BS 1363, and
the plug¢art of DIRECT PLUG-IN EQUIPMENT shall be assessed to the relevant clauses of BS 1363.

4(3.7 Heating elements in earthed equipment

Heatingelements-inequipment that is earthed for safety purposes-shall be protected-so-that;

under earth fault conditions, a fire hazard due to overheating is prevented. In such equipment,
temperature sensing devices, if provided, shall be located in all line conductors supplying the
heating elements.

The temperature sensing devices shall also disconnect the neutral conductor for each of the
following cases:
a) in equipment supplied from an IT power distribution system;

b) in PLUGGABLE EQUIPMENT supplied through a reversible appliance coupler or a reversible
plug;



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

60950-1 © IEC:2005+A1:2009 - 147 -
+A2:2013

c) in equipment supplied from a socket-outlet with indeterminate polarity.

In cases b) and c¢), it is permitted to meet this requirement by connecting a THERMOSTAT in one
conductor and a THERMAL CUT-OUT in the other conductor.

It is not required to disconnect the conductors simultaneously.

Compliance is checked by inspection.

4.3.8 Batteries

NOTE 1 Requirements for markings or instructions are given in 1.7.13.
NOTE 2 Requirements for overcurrent protection are given in 3.1.1 and 5.3.1.

NOTE 3 Requirements for stationary batteries (such as large secondary batteries installed in a fixed)installation
and external to the equipment) are given in IEC 60896-21, IEC 60896-22 and EN 50272-2.

Portable secondary sealed cells and batteries (other than button) containingalkaline or other
non-acid electrolyte shall comply with IEC 62133.

Equipment containing batteries shall be designed to reduce the risk-'of fire, explosion and
chemical leaks under normal conditions and after a single fault in the equipment (see 1.4.14);
: : Fr—sheeud R : . FenUseER-replaceable batteries,
the design shall reduce the likelihood of reverse polarity installation if this would create a
hazard.

Battery circuits shall be designed so that:

— the output characteristics of a battery chargingCircuit are compatible with its rechargeable
battery; and

— for non-rechargeable batteries, discharging at a rate exceeding the battery manufacturer’s
recommendations, and unintentional charging, are prevented; and

— for rechargeable batteries, charging and discharging at a rate exceeding the battery
manufacturer's recommendations,~and reversed charging, are prevented; and

— OPERATOR-replaceable batteries shall either:

e have contacts that cannot be shorted with the test finger Figure 2A; or

e be inherently protected to avoid creating a hazard within the meaning of the standard.

NOTE 4 Reverse chargingyof a rechargeable battery occurs when the polarity of the charging circuit is reversed,
aiding the discharge of the battery.

If a battery contains liquid or gel electrolyte, a battery tray shall be provided that is capable of
retaining any liquid that could leak as a result of internal pressure build-up in the battery. The
requirement to provide a battery tray does not apply if the construction of the battery is such
that leakage of the electrolyte from the battery is unlikely (see also 1.3.6).

NOTE"5 An example of a battery construction where leakage of the electrolyte is considered to be unlikely is the
sealed cell valve-regulated type.

If d battcly tldy ;b lcquilcd, Itb bdpdbity bhd” bU dt chbt cquai tU thC vuiunn:: Uf Uiﬁbtluiytc Uf
all the cells of the battery, or the volume of a single cell if the design of the battery is such
that simultaneous leakage from multiple cells is unlikely.

NOTE 6 If several cells (for example, the six cells in a 12 V lead-acid battery) are in a single casing, its fracture
could lead to a greater volume of leakage than from a single cell.

Compliance is checked by inspection and by evaluation of the data provided by the equipment
manufacturer and battery manufacturer.
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When appropriate data is not available, compliance is checked by test. However, batteries
that are inherently safe for the conditions given are not tested under those conditions.
Consumer grade, non-rechargeable carbon-zinc or alkaline batteries are considered safe
under short-circuiting conditions and therefore are not tested for discharge; nor are such
batteries tested for leakage under storage conditions.

The battery used for the following tests is either a new non-rechargeable battery or a fully
charged rechargeable battery as provided with, or recommended by the manufacturer for use

with, the equipment.

— Overcharging of a rechargeable battery. The batteryJs charged while briefly subjected
to the simulation of any SINGLE FAULT CONDITION that JsJikely to occur in the charging circuit
and that results in overcharging of the battery, o minimize testing time, the failure is
chosen that causes the worst-case overchargingyeondition. The battery is then charged for
a single period of 7h with the simulated failure’in place.

— Unintentional charging of a non-rechargeable battery. The battery is charged while
briefly subjected to the simulation of ahy. single component failure that is likely to occur in
the charging circuit and that would“result in unintentional charging of the battery. To
minimize testing time, the failure.is¢¢hosen that causes the highest charging current. The
battery is then charged for a single period of 7 h with that simulated failure in place.

— Reverse charging of a rechargeable battery. The battery is reverse charged while
briefly subjected to the simulation of any single component failure that is likely to occur in
the charging circuit and\that would result in reverse charging of the battery. To minimize
testing time, the fajlure is chosen that causes the highest reverse charging current. The
battery is then reverse charged for a single period of 7 h with that simulated failure in
place.

— Excessive-discharging rate for any battery. The battery is subjected to rapid discharge
by open-cireuiting or short-circuiting any current-limiting or voltage-limiting components in
the load.cifcuit of the battery under test.

NOTE 7 4/Seme of the tests specified can be hazardous to the persons carrying them out; all appropriate measures
to protect personnel against possible chemical or explosion hazards should be taken.

These tests shall not result in any of the following:

chemical leaks caused by cracking, rupturing or bursting of the battery jacket, It such
leakage could adversely affect required insulation; or

— spillage of liquid from any pressure relief device in the battery, unless such spillage is
contained by the equipment without risk of damage to the insulation or harm to the USER;
or

— explosion of the battery, if such explosion could result in injury to a USER; or

— emission of flame or expulsion of molten metal to the outside of the equipment
ENCLOSURE.

After completion of the tests, the equipment is subjected to the electric strength tests
of 5.3.9.2.
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4.3.9 Oil and grease
Where internal wiring, windings, commutators, slip-rings and the like, and insulation in
general, are exposed to oil, grease or similar substances, the insulation shall have adequate

properties to resist deterioration under these conditions.

Compliance is checked by inspection, and by evaluation of the data for the insulating material.

4.3.10 Dust, powders, liquids and gases

Equipment producing dust (for example, paper dust) or using powders, liquids or gases shall
be so constructed that it is unlikely that either a dangerous concentration of these materials’or
a hazard in the meaning of this standard will be created by condensation, vapersization,
leakage, spillage or corrosion during normal operation, storage, filling or remptying.
CLEARANCES and CREEPAGE DISTANCES shall not be reduced below the values specified in 2.10
(or Annex G).

Compliance is checked by inspection, measurement and, where spillage »of liquid could affect
electrical insulation during replenishment, by the following test and, for’flammable liquids, by
the tests of 4.3.12.

The equipment shall be ready to use according to its installation instructions, but not
energized.

The liquid container of the equipment is completely filled with the liquid specified by the
manufacturer and a further quantity, equal to 15 %, 0f'the capacity of the container is poured
in steadily over a period of 1 min. For liquid containers having a capacity not exceeding
250 ml, and for containers without drainage and_for which the filling cannot be observed from
outside, a further quantity of liquid, equal to the capacity of the container, is poured in steadily
over a period of 1 min.

Immediately after this treatment, the @€quipment shall withstand an electric strength test as
specified in 5.2.2 on any insulation en. which spillage could have occurred and inspection shall
show that the liquid has not created a hazard in the meaning of this standard.

The equipment is permitted~to stand in normal test-room atmosphere for 24 h before being
subjected to any further electrical test.

4.3.11 Containers‘for liquids or gases

Equipment that;*in normal use, contains liquids or gases shall incorporate adequate
safeguards against build-up of excessive pressure.

Compliance is checked by inspection and, if necessary, by an appropriate test.

4¢3.12 Flammable liquids

If 2 flammable qunirl is used in nqnipmnnf, the qunirl shall he l(npf ina closed rncnr\/nir,

except for the amount needed for the functioning of the equipment. The maximum quantity of
flammable liquid stored in an equipment shall in general be not more than 5 I. If, however, the
usage of liquid is such that more than 51 is consumed in 8 h, it is permitted to increase the
quantity stored to that required for an 8 h operation.

Qil or equivalent liquids used for lubrication or in a hydraulic system shall have a flash point
of 149 °C or higher, and the reservoir shall be of sealed construction. The system shall have
provision for expansion of the liquid and shall incorporate means for pressure relief. This
requirement is not applicable to lubricating oils that are applied to points of friction in
quantities that would contribute negligible fuel to a fire.
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Except under conditions given below, replenishable liquids such as printing inks shall have a
flash point of 60 °C or higher, and shall not be under sufficient pressure to cause atomization.

Replenishable flammable liquids that have a flash point of less than 60 °C or that are under
sufficient pressure to cause atomization are permitted provided inspection shows that there is
no likelihood of liquid sprays or build-up of flammable vapour-air mixtures that could cause
explosion or create a fire hazard. Under normal operating conditions, equipment using a
flammable liquid shall not generate a mixture with a concentration exceeding one quarter of

the EXPLOSION LIMIT if the mixture is in proximity to an ignition source, or exceeding half the
EXPLOSION LIMIT if the mixture is not in proximity to an ignition source. The investigation shall
also take into account the integrity of the liquid handling system. The liquid handling system
shall be suitably housed or constructed so that risk of fire or explosion is reduced, even‘under
the test conditions specified in 4.2.5.

Compliance is checked by inspection and, where necessary, by the following test.
The equipment is operated in accordance with 4.5.2 until its temperature stabilizes. In this
condition, the equipment is operated in a normal manner, as directed“in the operating

instructions, and samples of the atmosphere in the vicinity of the electrical components and
around the equipment are taken to determine the concentration of flammable vapours present.

Samples of the atmosphere are taken at 4 min intervals; fourrsamples to be taken during
normal operation, then seven samples after the equipment has'stopped.

If, after the equipment has stopped, the concentration\of flammable vapours appears to be
increasing, samples shall continue to be taken at, 4min intervals until the concentration is
shown to be decreasing.

If an abnormal operation of the equipment s \possible with any of its fans not running, this
condition is simulated during this compliange ‘test.

4.3.13 Radiation
4.3.13.1 General

Equipment shall be so designed that the risk of harmful effects of radiation to persons, and
damage to materials affecting safety, is reduced.

Compliance is checKed' by inspection and as detailed in 4.3.13.2, 4.3.13.3, 4.3.13.4, 4.3.13.5
and 4.3.13.6 as appropriate.

4.3.13.2 lonizing radiation

For equipment that generates ionizing radiation, compliance is checked by the test in
Annex H.

4.3.13.3 Effect of ultraviolet (UV) radiation on materials

The following requirements apply only to equipment containing lamps that produce significant
UV radiation, that is, having emission predominantly in the spectrum 180 nm to 400 nm, as
specified by the lamp manufacturer.

NOTE General-purpose incandescent and fluorescent lamps, with ordinary glass envelopes, are not considered to
emit significant UV radiation. A lamp that has UV in the spectrum from 180 nm to 400 nm as its predominant
radiation emission (as specified by the lamp manufacturer), and emits higher than 0,001 W/m? irradiance, is
considered to produce "significant" radiation.

Non-metallic parts (for example, non-metallic ENCLOSURES and internal materials including
wire and cable insulation) that are exposed to UV radiation from a lamp in the equipment,
shall be sufficiently resistant to degradation to the extent that safety is not affected.
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Table 4A — Minimum property retention limits after UV exposure
Standard for Minimum retention
Parts to be tested Property the test method after test
- . i a ISO 527 70 9
Parts providing mechanical '(I)'f,-nsne strength %
support Flexural strength @ b ISO 178 70 %
0,
Charpy impact ¢ 1SO 179 70%
Parts providing impact or
. 0,
resistance Izod impact © 1SC 180 70 %
or
Tensile impact ¢ ISO 8256 70 %
All parts Flammability classification | See 1.2.12 and Annex A See’d
a Tensile strength and flexural strength tests are to be conducted on specimens no thickerthan the actual
thicknesses.
b The side of the sample exposed to UV radiation is to be in contact with the two loadinhg points when using
the three point loading method.
¢ Tests conducted on 3,0 mm thick specimens for lzod impact and Tensile impact tests and 4,0 mm thick
specimens for Charpy impact tests are considered representative of other thicknesses, down to 0,8 mm.
d The flammability classification may change as long as it does not fall below that specified in Clause 4.

Compliance is checked by examination of the construction and of available data regarding the
UV resistance characteristics of the parts exposeéto UV radiation in the equipment. If such
data is not available, the tests in Table 4A are,eonducted on the parts.

Samples taken from the parts, or consisting of identical material, are prepared according to
the standard for the test to be conducted. They are then conditioned according to Annex Y.
After conditioning, the samples shallshow no signs of significant deterioration, such as
crazing or cracking. They are then kept at room ambient conditions for not less than 16 h and
not more than 96 h, after which they are tested according to the standard for the relevant test.

In order to evaluate the percent retention of properties after test, samples that have not been
conditioned according tolAnnex Y are tested at the same time as the conditioned samples.
The retention shall be~as’specified in Table 4A.

4.3.13.4 Human'exposure to ultraviolet (UV) radiation

The followinlg requirements apply only to equipment containing lamps that produce significant
UV radiation, that is having emission predominantly in the spectrum 180 nm to 400 nm as
specified-by the lamp manufacturer.

NOTE™ General purpose incandescent and fluorescent lamps, with ordinary glass envelopes, are not considered
to.emit significant UV radiation. A lamp that has UV in the spectrum from 180 nm to 400 nm as its predominant
radiation emission (as specified by the lamp manufacturer), and emits higher than 0,001 W/m? irradiance, is

considered to nroduce "sianificant" radiation
Lad 7

Equipment that produces a combination of visible light and UV light that is only emitted
through a glass focusing lens having a 90 % UV attenuation up to 400 nm is exempt if there
are no other openings through which visible radiation is emitted.

NOTE 2 Glass with a thickness of 2 mm usually complies with this requirement.

Equipment shall not emit excessive UV radiation.

UV radiation shall either
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— be adequately contained by the ENCLOSURE of the UV lamp or the ENCLOSURE of the
equipment, or

— not exceed the relevant limits given in IEC 60825-9.

During normal operation, the relevant limit is that for 8 h exposure.

Higher limits are permitted for limited periods of time for maintenance and cleaning

operations, if it is necessary for the UV lamp to be on during these operations. The relevant
limits are those for the expected time intervals for these operations, which shall be stated.in
the USER and servicing instructions.

All USER access doors and covers that, if opened, would allow access to higher .emissions
than those permitted above shall be marked with one of the following (see also 1.7.12):

"WARNING: TURN OFF THE UV LAMP BEFORE OPENING", or equivalent; or

— the symbol @ or equivalent.

It is permitted for the above marking to be beside a door or cover;.or on a door provided that
the door is secured to the equipment.

The above marking is not required for a door or cover that is provided with a SAFETY
INTERLOCK switch (see 2.8) that disconnects power to¢the’ UV lamp when the door or cover is
opened, or any other mechanism that prevents UV radiation.

If the UV radiation symbol is used on the equipment, both the symbol and a warning similar to
the above marking shall appear together in the USER and servicing instructions.

If higher emissions than those permittedabove are accessible in a SERVICE ACCESS AREA, and
it is necessary for the equipment te~remain energized while being serviced, the equipment
shall be marked with one of the following:

"WARNING: USE UV RADIATION EYE AND SKIN PROTECTION DURING SERVICING",
or equivalent; or

— the symbol ﬂ or equivalent.

The marking shall be located where readily visible during the servicing operation (see also
1.7.12).

If the AV radiation symbol is used on the equipment, both the symbol and a warning similar to
the.above marking shall appear together in the servicing instructions.

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

UV radiation is measured using a scanning spectrograph or a specific detector having a
spectral response equal to the relative spectral effectiveness for the UV range.

The UV radiation exposure and effective irradiance during normal operation shall not exceed
the limits given in IEC 60825-9 for an 8 h exposure.

The UV radiation exposure and effective irradiance during maintenance and cleaning
operations shall not exceed the limits in IEC 60825-9 corresponding to the exposure times
stated for these operations in the relevant instructions. The maximum permitted radiation is
that for 30 min exposure.
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NOTE 2 3 The permitted radiation is increased as the exposure time is reduced.

All USER access doors and covers, and parts such as lenses, filters and the like, if their
opening or removal could result in an increase in the UV radiation, shall be opened or
removed during measurements, unless provided with a SAFETY INTERLOCK switch that
disconnects the power to the UV lamp, or any other mechanism that prevents UV radiation.

NOTE 3 4 For guidance on measuring techniques, see CIE Publication 63.

4.3.13.5 Lasers {including LEDs) (including laser diodes) and LEDs
4.3.13.5.1 Lasers (including laser diodes)

Except as permitted below, equipment shall be classified and labelled according to
IEC 60825-1, IEC 60825-2 and IEC 60825-12, as applicable.

Equipment that is inherently a Class | laser product, that-is which meanssthe equipment

contains no laser or light-emitting-diode{(LED) laser diode of a higher class number, is not

required to have a laser warning label or other laser statement.

The data for a laser or LED-components a laser diode shall confirm that these components
comply with the Accessible Emission Limit for Class | when measured according to
IEC 60825-1, for the above exception to apply. The data may be)obtained from the component
manufacturer (see 1.4.15) and can relate to the component™alone or to the component in its
intended application in the equipment. The lasers or ‘EEDs laser diodes shall produce
radiation only in the wavelength range of 180 nm to 1 mm.

Compliance is checked by inspection, by evaluation) of the data provided by the manufacturer
and, if necessary, by testing according to IEC 60825-1.

4.3.13.5.2 Light emitting diodes (LEDS)

Equipment containing LEDs that prod@te optical radiation in excess of the limits specified in
IEC 62471 in the wavelength rafige 200 nm to 3 000 nm, as specified by the lamp
manufacturer, shall be provided\ith means (such as an interlock, barriers, guards or the
equivalent) to reduce the likelihoad of optical radiation exceeding the limits specified in IEC 62471
from appearing in USER accessible areas. Low power applications of LEDs need not comply with
IEC 62471.

NOTE 1 Some examples-ofilow power applications of LEDs that will normally comply are those used as:

— indicating lights;

- infra-red devices such as are used in home entertainment devices;

— infra-red\devices for data transmission, such as are used between computers and computer peripherals;
—  optacouplers; and

— Sother similar low power devices.

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

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

NOTE 3 |If optical radiation is broadband visible and IR-A radiation and the luminance of the source does not
exceed 10* cd/m? it is expected that the radiation does not exceed the exposure limits given in 4.3 of
IEC 62471:2006 (see 4.1 of IEC 62471:2006).

4.3.13.6 Other types

For other types of radiation, compliance is checked by inspection.
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4.4 Protection against hazardous moving parts
4.41 General

Except for moving fan blades, hazardous moving parts of the equipment (thatis which means
moving parts that have the potential to cause injury) shall be so arranged, enclosed or
guarded as to reduce the risk of injury to persons. Moving fan blades are evaluated in
accordance with 4.4.5.

AUTOMATIC RESET THERMAL CUT-OUTS or overcurrent protection devices, automatic timer
starting, etc., shall not be incorporated if unexpected resetting might create a hazard.

Compliance is checked by inspection and as detailed in 4.4.2, 4.4.3 and 4.4.4.

4.4.2 Protection in operator access areas

In an OPERATOR ACCESS AREA, protection shall be provided by a suitable construction reducing
the likelihood of access to hazardous moving parts, or by locating the_moving parts in an
ENCLOSURE provided with mechanical or electrical SAFETY INTERLOCKS_ that remove the hazard
when access is gained. HOUSEHOLD AND HOME/OFFICE DOCUMENT/MEDIA SHREDDERS shall also
comply with Annex EE.

Where it is not possible to comply fully with the above access)requirements and also allow the
equipment to function as intended, access is permitted provided that:

— the hazardous moving part concerned is directlyzinvolved in the process (for example,
moving parts of a paper cutter); and

— the hazard associated with the part is obvious to the OPERATOR; and

— additional measures are taken as follows:

e a statement shall be provided incthe operating instructions and a marking shall be fixed
to the equipment, each containing the following or a similar appropriate wording;

WARNING
HAZARDOUS MOVING PARTS
KEEP-FINGERS AND OTHER BODY PARTS AWAY

e where the possibility exists that fingers, jewellery, clothing, etc., can be drawn into the
moving parts, means shall be provided to enable the OPERATOR to stop the moving part.

The above warning notice and, where relevant, the means provided for stopping the moving
part shall be placed in a prominent position, readily visible and accessible from the point
where thetisk of injury is greatest.

Compliance is checked by inspection and where necessary by a test with the test finger,
Figtre 2A (see 2.1.1.1), after removal of OPERATOR-detachable parts, and with OPERATOR
access doors and covers open.

Unless additional measures have been taken as specified above, it shall not be possible to
touch hazardous moving parts with the test finger, applied without appreciable force in every
possible position.

Openings preventing the entry of the test finger, Figure 2A (see 2.1.1.1), are further tested by
means of a straight unjointed version of the test finger applied with a force of 30 N. If the
unjointed finger enters, the test with the test finger, Figure 2A (see 2.1.1.1), is repeated,
except that the finger is pushed through the opening using any necessary force up to 30 N.
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4.4.3 Protection in restricted access locations

For equipment to be installed in a RESTRICTED ACCESS LOCATION, the requirements and
compliance criteria in 4.4.2 for OPERATOR ACCESS AREAS apply.

4.4.4 Protection in service access areas

In a SERVICE ACCESS AREA, protection shall be provided such that unintentional contact with

hazardous moving parts is unlikely during servicing operations involving other parts of the
equipment.

Compliance is checked by inspection.

4.4.5 Protection against moving fan blades
4451 General

Equipment shall be so constructed that the likelihood of injury from ma@wing fan blades has
been minimized.

The likelihood of injury from moving fan blades is determined,fy, calculating the K factor for
each fan blade, where the K factor is equal to:

K=6x10-7(mr2N2Yy

Where:
m is the mass (kg) of the moving part of the fanlassembly (blade, shaft and rotor);
r is the radius (mm) of the fan blade fronXthe centre line of the motor (shaft) to the tip of

the outer area likely to be contacted;

N is the rotational speed (r/min) of theJan blade.

The classification of moving fan bladges relative to their ability to cause injury is as follows:

a) a moving fan blade is not ggnsidered likely to cause pain or injury if

r./min N K factor <
15000 2 400

b) a moving fan blade is considered likely to cause pain, but is not considered likely to
cause injury.f

r /min N K factor <
22000 3600

c)y” \a moving fan blade that does not comply with a) or b) above is considered likely to cause
injury.
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4.4.5.2 Protection for users
A moving fan blade classified as 4.4.5.1 a) may be located in an OPERATOR ACCESS AREA.

Under a single fault condition, a moving fan blade classified as 4.4.5.1 a) may reach the limits
permitted for a moving fan blade classified as 4.4.5.1 b).

A moving fan blade classified as 4.4.5.1 b) shall not be located in an OPERATOR ACCESS AREA
during normal npprnfinn IUUnder g Qingln fault condition 2 mn\/ing fan hlade classified as

4.4.5.1 b) shall remain within the limits of 4.4.5.1 b). If such a moving fan blade is accessible
only during USER servicing, then a warning in accordance with the following shall be provided,

Either the symbol & or a similar symbol combined with the triangle shaped warping/sign
from ISO 3864-2, or the following statement or equivalent text shall be used:

WARNING
Hazardous moving parts
Keep away from moving fan blades

A moving fan blade classified as 4.4.5.1 ¢) that is arranged, located,Xenclosed or guarded so
that the possibility of contact with the moving parts of the fan-s unlikely by a USER during
USER servicing, shall be provided with a warning as specified abbeve.

During USER servicing conditions, where the equipment protéection against access to a moving
fan blade classified as 4.4.5.1 b) or 4.4.5.1 c) must be\defeated or bypassed to perform the
servicing, an instruction shall be provided to disconpéct’the power source prior to defeating or
bypassing the equipment protection means, and toyrestore the equipment protection means
before restoring power.

4.4.5.3 Protection for service persons

No equipment protection from moving>fan blades is required for the protection for SERVICE
PERSONS.

During servicing in areas wheresinadvertent contact with a moving fan blade classified as
4.4.5.1 c) is possible by a SERVICE PERSON, a marking in accordance with 4.4.5.2 shall be
provided to identify the location of the moving fan blade along with any necessary instructions
required for the SERVICEAPERSON to avoid contacting the moving fan blade.

4.5 Thermal requirements
4.5.1 General
Subclause'\4:5 specifies requirements intended to prevent:

— touchable parts from exceeding certain temperatures; and

~\_components, parts, insulation and plastic materials from exceeding temperatures that may
degrade electrical, mechanical, or other properties during normal use over the expected

life of the equipment.

Consideration shall be given to the fact that, on a long-term basis, the electrical and
mechanical properties of certain insulating materials (see 2.9.1) may be adversely affected
(for example, by softeners evaporating at temperatures below the normal softening
temperatures of the materials).

During the tests of 4.5.2, audio amplifiers are operated in accordance with 4.2.4 of
IEC 60065.
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4.5.2 Temperature tests
Materials used in components and in the construction of the equipment shall be selected so

that under NORMAL LOAD, temperatures do not exceed safe values in the meaning of this
standard.

Components working at high temperature shall be effectively shielded or separated to avoid

n\/nrhng’ring of their adjsmnnf materials and anpnnnn’rc

Compliance is checked by inspection of material data sheets and by determining .and
recording the temperatures. The equipment or parts of the equipment are operatedrin
accordance with 1.4.5 under NORMAL LOAD until the temperature has stabilized.” For
temperature limits, see 4.5.3 and 4.5.4.

NOTE See also 1.4.4, 1.4.10, 1.4.12 and 1.4.13.

It is permitted to test components and other parts independently provided that the test
conditions applicable to the equipment are followed.

Equipment intended for building-in or rack-mounting, or for incorporation in larger equipment,
is tested under the most adverse actual or simulated conditions_permitted in the installation
instructions.

The temperature of electrical insulation (other than that of wWindings, see 1.4.13), the failure of
which could create a hazard, is measured on the surface’ of the insulation at a point close to
the heat source (see Footnote a in Table 4B). Duringthe test:

— THERMAL CUT-OUTS and overcurrent protectioty devices shall not operate;

THERMOSTATS are permitted to operatef provided that they do not interrupt the normal
operation of the equipment;

TEMPERATURE LIMITERS are permitted to operate;

sealing compounds, if any, shall'not flow out.
4.5.3 Temperature limits for\materials

The temperature of materials and components shall not exceed the values shown in Table 4B.



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

- 158 —

60950-1 © IEC:2005+A1:2009
+A2:2013

Table 4B — Temperature limits, materials and components

Maximum temperature (Tmax)

— with temperature marking

Part
°C

Insulation, including winding insulation:
— of Class 105 material (A) 100 2°°¢
— of Class 120 material (E) 115 3°¢
— of Class 130 material (B) 120 2°°¢
— of Class 155 material (F) 140 2°°¢
— of Class 180 material (H) 165 2°¢
— of Class 200 material 180 2°
— of Class 220 material 200 2°
- of Class 250 material 225°°
Rubber or PVC insulation of internal and external
wiring, including power supply cords:
— without temperature marking 75 ¢

Temperature marking

Other thermoplastic insulation See °
Terminals, including earthing terminals for external earthing

conductors of STATIONARY EQUIPMENT, unless provided with a

NON-DETACHABLE POWER SUPPLY CORD 85
Parts in contact with a flammable liquid See 4.3.12
Components See 1.5.1

except in the case of
— a motor, or

— a winding with embedded thermocouples.

maximum temperature.

parentheses.

by the wire manufacturet.is considered acceptable.

wide variety. Thesesshall pass the tests specified in 4.5.5.

a |f the temperature of a winding is determined by thermocouples, these values are reduced by 10 °C,

b For each material, account shall be taken of the data for that material to determine the appropriate
¢ The designations A to H, formerlyiassigned in IEC 60085 to thermal classes 105 to 180, are given in
d If there is no marking on the wire, the marking on the wire spool or the temperature rating assigned

e Itis not possible to specify maximum permitted temperatures for thermoplastic materials, due to their

4.5.4 Touch temperature limits

Thetemperatures of accessible parts in OPERATOR ACCESS AREAS shall not exceed the values

shown in Table 4C.
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Table 4C - Touch temperature limits

Maximum temperature (Tmax)
°C
Parts in OPERATOR ACCESS AREAS -
Glass, porcelain Plastic
Metal and vitreous b
N and rubber
material

Handles, knobs, grips, etc., held or touched 60 70 85
for short periods only
Handles, knobs, grips, etc., continuously held in 55 65 75
normal use
External surfaces of equipment that may be 70 80 95
touched *®
Parts inside the equipment that may be 70 80 95
touched °©

a Temperatures up to 100 °C are permitted on the following parts:

— areas on the external surface of equipment that have no dimension exceeding(50 mm, and that are not
likely to be touched in normal use; and

— a part of equipment requiring heat for the intended function (for example, a‘document laminator), provided
that this condition is obvious to the USER. A warning shall be marked\on the equipment in a prominent
position adjacent to the hot part.

The warning shall be either

e the symbol (IEC 60417-5041 (DB:2002-10)): Zféx

e or the following or similar wording

WARNING
HOT SURFACE
DO NOT'TOUCH

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

¢ Temperatures exceeding the limits are permiitted provided that the following conditions are met:
— unintentional contact with such a pari is unlikely; and

— the part has a marking indicating’ that this part is hot. It is permitted to use the following symbol (IEC
60417-5041 (DB:2002-10)) to provide this information.

2N

For equipment intendéd for installation in a RESTRICTED ACCESS LOCATION, the temperature
limits in Table 4@ _apply, except that for external metal parts that are evidently designed as
heat sinks or that have a visible warning, a temperature of 90 °C is permitted.

4.5.5 Resistance to abnormal heat

Thermoplastic parts on which parts at HAZARDOUS VOLTAGE are directly mounted shall be
resistant to abnormal heat.

Complianca ic chaclaod hyv coiithinctina tha nart +n tha hall nraoccoiira toct arcnrdinag 0
SOMPHAEe—5S—6e 66— )y—Store etig—tHe—part—to—He—0ad—pPreSStHe—eSt—a666+-aHg—to

IEC 60695-10-2. The test is not made if it is clear from examination of the physical
characteristics of the material that it will meet the requirements of this test.

The test is made in a heating cabinet at a temperature of (T — Ty, + Ty + 15 °C) £ 2 °C.

However, a thermoplastic part supporting parts in a PRIMARY CIRCUIT is tested at a minimum of
125 °C.

The significances of T, T,,, and T,,,, are as given in 1.4.12.1.
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4.6 Openings in enclosures

NOTE 1 Subclauses 4.6.1 and 4.6.2 do not apply to TRANSPORTABLE EQUIPMENT. Subclause 4.6.4 applies to
TRANSPORTABLE EQUIPMENT only.

NOTE 2 Additional requirements concerning openings in ENCLOSURES are in 2.1.1.

4.6.1 Top and side openings

For equipment that is intended to be used in more than one orientation (see 1.3.6), the
requirements of 4.6.1 apply in each appropriate orientation.

Openings in the top and sides of ENCLOSURES, except for ENCLOSURES of TRANSRORTABLE
EQUIPMENT (see 4.6.4), shall be so located or constructed that it is unlikely that objects will
enter the openings and create hazards by contacting bare conductive parts.

NOTE 1 Hazards include energy hazards, and those created by bridging of insulation or by ‘ORERATOR access to
parts at HAZARDOUS VOLTAGE (for example, via metal jewellery).

Openings, located behind doors, panels, covers, etc., that can be opefied or removed by an
OPERATOR, are not required to comply provided that the equipment openings comply with the
doors, panels and covers closed or in place.

Where a portion of the side of a FIRE ENCLOSURE falls within the area traced out by the
5° angle in Figure 4E, the limitations in 4.6.2 on size§~of openings in bottoms of FIRE
ENCLOSURES also apply to this portion of the side.

Compliance is checked by inspection and measurement. Except for that portion of the side of
a FIRE ENCLOSURE that is subject to the requirements of 4.6.2 (see above paragraph), any one
of the following is considered to satisfy ,the requirements (other constructions are not
excluded):

openings that do not exceed 56 mm_in“any dimension;

openings that do not exceed 1 mim in width regardless of length;
— top openings in which verticalyentry is prevented (see Figure 4B for examples);

— side openings provided with louvres that are shaped to deflect outwards an external
vertically falling objecti(see Figure 4C for examples);

top or side openings, as shown in Figure 4D, that are not located vertically, or within a
volume V bounded by a 5° vertical projection up to the size of opening L, above bare
conductive parts:

e at HAZARDOUS VOLTAGE, or

e that'present an energy hazard within the meaning of 2.1.1.5.

NOTE /2~ The examples of Figures 4B, 4C, 4D and 4E are not intended to be used as engineering drawings but are
only S$hewn to illustrate the intent of these requirements.

Slanted openings Vertical openings
IEC 1554/05

Figure 4B — Examples of cross-sections of designs
of openings preventing vertical access
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Figure 4C — Examples of louvre design
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A ENCLOSURE opening.
B  Vertical projection of the outer edges of the opening.

C Inclined lines that project at a 5° angle from the edges of the opening to points located E
distance from B.

D Line that is projected straight downward in the same plane as the ENCLOSURE side wall.

E Projection of the outer edge of the opening (B) and the inclined line (C) (not to be greater
than L).

L Maximum dimension of the ENCLOSURE opening.

V  Volume in which bare parts at HAZARDOUS VOLTAGE, or which are energy hazards (see 4.6.1),
are not located.

Figure 4D — Enclosure openings

4.6.2 Bottoms of fire enclosures

For equipment that is intended to be used in more than one origptation (see 1.3.6), the
requirements of 4.6.2 apply in each appropriate orientation.

The bottom of a FIRE ENCLOSURE (except for the FIRE ENCLOSURE of a TRANSPORTABLE
EQUIPMENT) or individual barriers, shall provide protection~under all internal parts, including
partially enclosed components or assemblies, which{  under fault conditions, could emit
material likely to ignite the supporting surface.

NOTE See 4.7.2.2 for parts that do not require a FIRE ENCLOSURE.

The bottom or barrier shall be located as, apd\no smaller in area than, indicated in Figure 4E
and be horizontal, lipped or otherwise shaped to provide equivalent protection.

An opening in the bottom shall be protécted by a baffle, screen or other means so that molten
metal and burning material are unlikely to fall outside the FIRE ENCLOSURE.

A The portion of a component under which a FIRE
ENCLOSURE is required, for example, under those
openings in a component or assembly through
which flaming particles might be emitted. If the
component or assembly does not have its own
FIRE ENCLOSURE, the area to be protected is the
entire area occupied by the component or
assembly.

B The outline of the area of A projected vertically
w downward onto the horizontal plane of the lowest
] : point of the FIRE ENCLOSURE.

| C Inclined line that traces an outline D on the
i same plane as B. Moving around the perimeter

thi IH

‘ ofthe—euthreB—thistire—profects—ata—5>angle
from the vertical at every point round the
perimeter of the openings in A and is oriented to
trace out the largest area.

D Minimum outline of the bottom of the FIRE
ENCLOSURE. A portion of the side of a FIRE
ENCLOSURE that is within the area traced out by
the 5° angle is also considered to be part of the

IEC 1557/05 bottom of the FIRE ENCLOSURE.
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Figure 4E — Typical bottom of a fire enclosure for
partially enclosed component or assembly

The requirements of 4.6.2 do not apply to STATIONARY EQUIPMENT intended only for use in a
RESTRICTED ACCESS LOCATION and to be mounted on a concrete floor or other non-combustible
surface. Such equipment shall be marked as follows:

SUITABLE FOR MOUNTING ON CONCRETE
OR OTHER NON-COMBUSTIBLE SURFACE ONLY

Compliance is checked by inspection and, where necessary, by the test of Clause A.3.

The following constructions are considered to satisfy the requirement without test:

— no opening in the bottom of a FIRE ENCLOSURE;
— openings in the bottom of any size under an internal barrier, screen or thellike, which itself
complies with the requirements for a FIRE ENCLOSURE, see also 4.2.1;

— openings in the bottom, each not larger than 40 mm?2, under ¢omponents and parts
meeting the requirements for V-1 CLASS MATERIAL, or HF-1 CLASS FOAMED MATERIAL or under
small components that pass the needle-flame test of IEC 60695-11-5 using a 30 s flame
application;

— baffle plate construction as illustrated in Figure 4F;

— metal bottoms of FIRE ENCLOSURES conforming to theé-dimensional limits of any line in
Table 4D;

— metal bottom screens having a mesh with neminal openings not greater than 2 mm
between centre lines and with wire diameters,of Aot less than 0,45 mm.

Not less Baffle plates (may be above or below
than 2X bottom ‘of FIRE ENCLOSURE)

AN Y AN e AR B A

Bottom of FIRE ENCLOSURE / IEC 1558/05

Figure 4F — Baffle plate construction

Table 4D - Size and spacing of openings in metal bottoms of fire enclosures

Applicable to circular holes Applicable to other shaped openings
Maximum Minimum spacing Minimum spacing
Metal bottom diameter of holes Maximum of openings
minimum thickness of holes centre to centre area border to border
mm mm mm mm?2 mm
0,66 1,1 1,7 1,1 0,56
0,66 1,2 2,3 1,2 1,1
0,76 1,1 1,7 1,1 0,55
0,76 1,2 2,3 1,2 1,1
0,81 1,9 3,1 2,9 1,1
0,89 1,9 3,1 2,9 1,2
0,91 1,6 2,7 2,1 1,1
0,91 2,0 3,1 3,1 1,2
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1,0 1,6 2,7 2,1 1.1
1,0 2,0 3,0 3,2 1,0

4.6.3 Doors or covers in fire enclosures
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shall comply with one of the following requirements:

— the door or cover shall be interlocked to comply with the requirements in 2.8;

— a door or cover, intended to be routinely opened by the OPERATOR, shall comply with both
of the following conditions:

e it shall not be removable from other parts of the FIRE ENCLOSURE by the OPERATOR; and

e it shall be provided with a means to keep it closed during normal operation;

— a door or cover intended only for occasional use by the OPERATOR, such as for the
installation of accessories, is permitted to be removable provided that the operating
instructions include directions for correct removal and reinstallation of the door or cover.

Compliance is checked by inspection.

4.6.4 Openings in transportable equipment

The risk of ignition caused by small metallic objects,"such as paper clips or staples, moving
around inside TRANSPORTABLE EQUIPMENT during, tramsportation shall be reduced by measures
to minimize the likelihood of such objects-‘e€ntering the equipment and bridging bare
conductive parts that may result in a fire hazard. Except as required in 4.6.4.3, provision of
such measures is not required for bare conductive parts between which the power is limited in
accordance with 2.5.

NOTE The above requirement only applies\o.bare conductive parts. Conductive parts covered with conformal or
other coatings are not considered to be bare ‘conductive parts.

Compliance is checked accordifig to 4.6.4.1, 4.6.4.2 and 4.6.4.3 as appropriate. During the
inspection and tests, all doors or covers are closed or in place and peripheral devices or
assemblies, such as disk drives, batteries, etc., are installed as intended.

4.6.4.1 Constructional design measures
Examples of acCeptable constructional design measures are:

— providing-openings that do not exceed 1 mm in width regardless of length; or

— providing a screen having a mesh with openings not greater than 2 mm between centre
lines and constructed with a thread or wire diameter of not less than 0,45 mm; or

~\_Jproviding internal barriers; or

NOTE Screens provided to limit the entry of small objects form part of the ENCLOSURE and the requirements in 4.7
for FIRE ENCLOSURES may apply, see also 1.3.6.

Compliance is checked by inspection and measurement and, if necessary, by simulating the
entry of objects that could bridge bare conductive parts.

4.6.4.2 Evaluation measures for larger openings

Openings larger than specified in 4.6.4.1 are permitted (see also 2.1.1.1), provided that fault
testing is conducted to simulate bridging along a direct straight path between bare conductive
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parts (for metallized parts, see 4.6.4.3) located less than 13 mm away from each other in all
areas within the equipment that do not meet the criteria of 4.6.4.1.

Compliance is checked by inspection and measurement and by simulated fault testing.
Bridging is considered to exist between bare conductive parts that can be contacted
simultaneously using a straight metal object, 1 mm in diameter and having any length up to
13 mm, applied without appreciable force. During the fault tests, there shall be no ignition of
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4.6.4.3 Use of metallized parts

Where metallized parts of a plastic barrier or ENCLOSURE are within 13 mm of parts of, circuits
where the available power is greater than 15 VA, one of the following requirementsa) ‘or b) or
c) applies:

a) access by a foreign metallic object shall be limited in accordance with 4.6.4.1, Whether or not the
available power meets the limits of 2.5; or

b) there shall be a barrier between the bare conductive parts and the.-metallized barrier or
ENCLOSURE; or

c) fault testing shall be conducted to simulate bridging along a direct path between a bare conductive
part and the nearest metallized part of a barrier or ENCLOSURE/that is within 13 mm of the bare
conductive part.

NOTE Examples of metallized plastic barriers or ENCLOSURES ificlude those made of conductive composite
materials or that are electroplated, vacuum-deposited, painted or foil lihed.

Compliance is checked by inspection and measurement and, where appropriate, by test. If
simulated fault testing is conducted, no ignition<of the metallized barrier or ENCLOSURE shall
occur.

4.6.5 Adhesives for constructional purposes

If a barrier or screen provided to comply with 4.6.1, 4.6.2 or 4.6.4 is secured with adhesive to
the inside of the ENCLOSURE or tovother parts inside the ENCLOSURE, the adhesive shall have
adequate bonding properties throughout the life of the equipment.

Compliance is checked by examination of the construction and of the available data. If such
data is not available, cempliance is checked by the following tests.

A sample of the equipment or a part of the ENCLOSURE with the barrier or screen attached is
evaluated with the sample placed with the barrier or screen on the underside.

Condition-the sample in an oven at one of the following temperatures for the time durations
specified:

100 °C + 2 °C for one week; or

90 °C + 2 °C for three weeks; or

82 °C £ 2 °C for eight weeks.

Upon completion of the temperature conditioning, subject the sample to the following:

— remove the sample from oven and leave it at any convenient temperature between 20 °C
and 30 °C for 1 h;

— place the sample in a freezer at -40 °C = 2 °C for 4 h;

— remove and allow the sample to come to any convenient temperature between 20 °C and
30 °C for 8 h;
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— place the sample in a cabinet at 91 % to 95 % relative humidity for 72 h;

remove the sample and leave it at any convenient temperature between 20 °C and 30 °C
for 1 h;

place the sample in an oven at the temperature used for the temperature conditioning for 4 h;

remove the sample and allow it to reach any convenient temperature between 20 °C; and
30 °C for 8 h.

The sample is then immediately subjected to the tests of 4.2 as applicable. The barrier or.
screen shall not fall off or partly dislodge as a result of these tests.

With the concurrence of the manufacturer, it is permitted to increase any of the above time
durations.

4.7 Resistance to fire

This subclause specifies requirements intended to reduce the risk of ignition and the spread
of flame, both within the equipment and to the outside, by the appropriate use of materials
and components and by suitable construction.

NOTE 1 The risk of ignition is reduced by limiting the maximum temperature of components under normal
operating conditions and after a single fault (see 1.4.14), or by limiting the pewer available in a circuit.

NOTE 2 The spread of flame in the event of ignition is reduced by the use of flame retardant materials and
insulation, or by providing adequate separation.

NOTE 3 For a ranking of materials with respect to flammability, réferto the notes in 1.2.12.1.

NOTE 4 In Australia and New Zealand, an alternative set of firé tests is also accepted.

Metals, ceramic materials and glass shall be considered to comply without test.

4.7.1 Reducing the risk of ignition and.spread of flame

For equipment or a portion of equipment, there are two alternative methods of providing
protection against ignition and spread of flame that could affect materials, wiring, wound
components and electronic components such as integrated circuits, transistors, thyristors,
diodes, resistors and capacitors:

Method 1 — Selection_and application of components, wiring and materials that reduce the
possibility of ignitiohband spread of flame and, where necessary, by the use of a FIRE
ENCLOSURE. The (appropriate requirements are detailed in 4.7.2 and 4.7.3. In addition, the
simulated faults of 5.3.7 are applied, except for 5.3.7 c), when using this method.

NOTE 1 Method'1 may be preferred for equipment or that portion of equipment with a large number of
electronic eomponents.

Method 2 — Application of all of the simulated fault tests in 5.3.7. A FIRE ENCLOSURE is not
required for equipment or that portion of equipment for which only Method 2 is used. In
particular, 5.3.7 c) applies, which includes testing all relevant components in both PRIMARY
CIRCUITS and SECONDARY CIRCUITS.

NOTE 2 Method 2 may be preferred for equipment or that portion of equipment with a small number of
electronic components

4.7.2 Conditions for a fire enclosure

A FIRE ENCLOSURE is required when temperatures of parts under fault conditions could be
sufficient for ignition.

4.7.2.1 Parts requiring a fire enclosure

Except where Method 2 of 4.7.1 is used, or as permitted in 4.7.2.2, the following are
considered to have a risk of ignition and, therefore, require a FIRE ENCLOSURE:

— components in PRIMARY CIRCUITS;



https://iecnorm.com/api/?name=fd809e43c32987f1f6564b8093508c26

60950-1 © IEC:2005+A1:2009 - 167 -
+A2:2013

— components in SECONDARY CIRCUITS supplied by power sources that exceed the limits
specified in 2.5;

— components in SECONDARY CIRCUITS supplied by limited power sources as specified in 2.5,
but not mounted on V-1 CLASS MATERIAL;

— components within a power supply unit or assembly having a limited power output as
specified in 2.5, including overcurrent protective devices, limiting impedances, regulating

networks and \A/iring, up to the pr\inf where the limited power source nllfpllf criteria are

met;

— components having unenclosed arcing parts, such as open switch and relay contactscand
commutators, in a circuit at HAZARDOUS VOLTAGE or at a HAZARDOUS ENERGY LEVEL; and

— insulated wiring.
4.7.2.2 Parts not requiring a fire enclosure
The following do not require a FIRE ENCLOSURE:

— motors;

— transformers;

— electromechanical components complying with 5.3.5;

— wiring and cables insulated with PVC, TFE, PTFE, FEP; polychloroprene or polyimide;
— plugs and connectors forming part of a power supply.cord or INTERCONNECTING CABLE;

— components, including connectors, meeting the ‘requirements of 4.7.3.2, which fill an
opening in a FIRE ENCLOSURE;

— connectors in SECONDARY CIRCUITS supplied by power sources that are limited to a
maximum of 15 VA (see 1.4.11) under.normal operating conditions and after a single fault
in the equipment (see 1.4.14);

— connectors in SECONDARY CIRCUITSSupplied by limited power sources complying with 2.5;

— other components in SECONDARY CIRCUITS:

e supplied by limited power sources complying with 2.5 and mounted on V-1 CLASS
MATERIAL;

e supplied by internal or external power sources that are limited to a maximum of 15 VA
(see 1.4.11) under normal operating conditions and after a single fault in the equipment
(see 1.4.14) and mounted on HB75 CLASS MATERIA,L if the thinnest significant thickness
of this material is < 3 mm, or HB40 CLASS MATERIAL, if the thinnest significant thickness of
this material is > 3 mm;
NOTE In Canada and the United States, additional requirements may apply, see Clause 6, Note 5.

e ,complying with Method 2 of 4.7.1;

— _sequipment, or a part of the equipment, having a momentary contact switch that the USER
has to activate continuously, and the release of which removes all power from the
equipment or part.

Compliance with 4.7.2.1 and 4.7.2.2 is checked by inspection and by evaluation of the data
provided by the manufacturer. In the case where no data is provided, compliance is
determined by tests.

4.7.3 Materials
4.7.3.1 General

ENCLOSURES, components and other parts shall be so constructed, or shall make use of such
materials, that the propagation of fire is limited.
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VTM-0 CLASS MATERIAL, VTM-1 CLASS MATERIAL and VTM-2 CLASS MATERIAL are considered to be
equivalent to V-0 CLASS MATERIAL, V-1 CLASS MATERIAL and V-2 CLASS MATERIAL, respectively, for
their flammability properties. Their electrical and mechanical properties are not necessarily
equivalent.

Where HB40 CLASS MATERIAL, HB75 CLASS MATERIAL or HBF CLASS FOAMED MATERIAL, is required,
material passing the glow-wire test at 550 °C according to IEC 60695-2-11 is acceptable as an

altarnativa

TrtCT T atrves

Where it is not practical to protect components against overheating under fault conditions ~the
components shall be mounted on V-1 CLASS MATERIAL. Additionally, such components shall‘be
separated from material of a class lower than v-1 CLASS MATERIAL (see 1.2.12.1, Note2)'by at
least 13 mm of air, or by a solid barrier of V-1 CLASS MATERIAL.

NOTE 1 See also 4.7.3.5.

NOTE 2 In Canada and the United States, requirements in addition to 4.7.3.2 and 4.7.3.3 apply to ENCLOSURES
and DECORATIVE PARTS having an external surface with an exposed area of greater than 0,9 m2 or a single
dimension greater than 1,8 m.

NOTE 3 In considering how to limit propagation of fire, and what are "small parts", account should be taken of the
cumulative effect of small parts when they are adjacent to each other, and also of the possible effect of
propagating fire from one part to another.

NOTE 4 The material flammability requirements in 4.7.3 are summarized in Jlable 4E.

Compliance is checked by inspection and by evaluation,of relevant data provided by the
manufacturer.

4.7.3.2 Materials for fire enclosures

The following requirements apply as appropriate,

The 18 kg mass criterion applies to individual complete equipments, even if they are used in
close proximity to each other (for example, one on top of another). However, if a part of the
FIRE ENCLOSURE is removed in such,a situation (in the same example, the bottom cover of the
top equipment), the combined mass of the equipment applies. In determining the total mass of
equipment, supplies, consumable materials, media and recording materials used with
the equipment shall not be taken into account.

For MOVABLE EQUIPMENThaving a total mass not exceeding 18 kg, the material of a FIRE
ENCLOSURE, in the thinnest significant wall thickness used, shall be of v-1 CLASS MATERIAL or
shall pass the test of Clause A.2.

For MOVABLE \EQUIPMENT having a total mass exceeding 18 kg and for all STATIONARY
EQUIPMENT, the material of a FIRE ENCLOSURE, in the thinnest significant wall thickness used,
shall be-0f5vB CLASS MATERIAL or shall pass the test of Clause A.1.

Materials for components that fill an opening in a FIRE ENCLOSURE, and that are intended to be
mounted in this opening shall:

— be of V-1 CLASS MATERIAL; or
— pass the tests of Clause A.2; or
— comply with the flammability requirements of the relevant IEC component standard.

NOTE Examples of these components are fuseholders, switches, pilot lights, connectors and appliance inlets.

Plastic materials of a FIRE ENCLOSURE shall be located more than 13 mm through air from
arcing parts such as unenclosed commutators and unenclosed switch contacts.

Plastic materials of a FIRE ENCLOSURE located less than 13 mm through air from non-arcing
parts which, under any condition of normal or abnormal operation, could attain a temperature
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sufficient to ignite the material, shall be capable of passing the test of IEC 60695-2-20. The
average time to ignition of the samples shall be not less than 15 s. If a sample melts through
without igniting, the time at which this occurs is not considered to be the time to ignition.

Compliance is checked by inspection of the equipment and material data sheets and, if
necessary, by the appropriate test or tests in Annex A or IEC 60695-2-20.

4.7-3.3 N\raterials for components and other parts outside fire enclosures

Except as otherwise noted below, materials for components and other parts (including
MECHANICAL ENCLOSURES, ELECTRICAL ENCLOSURES and DECORATIVE PARTS), located outside
FIRE ENCLOSURES, shall be of

— HB75 CLASS MATERIAL if the thinnest significant thickness of this material is < 3 mn; or
— HB40 CLASS MATERIAL if the thinnest significant thickness of this material is= 3"mm, or

— HBF CLASS FOAMED MATERIAL.

NOTE Where a MECHANICAL ENCLOSURE oOr an ELECTRICAL ENCLOSURE also serves as”a FIRE ENCLOSURE, the
requirements for FIRE ENCLOSURES apply.

Requirements for materials in air filter assemblies are in 4.7.3:5 and for materials in high-
voltage components in 4.7.3.6.

Connectors shall comply with one of the following:

— be made of v-2 CLASS MATERIAL; or

— pass the tests of Clause A.2; or

— comply with the flammability requirements)of the relevant IEC component standard; or
— be mounted on v-1 CLASS MATERIAL andybe of a small size; or

— be located in a SECONDARY CIRCUIT supplied by a power source that is limited to a
maximum of 15 VA (see 1.4.11)"under normal operating conditions and after a single fault
in the equipment (see 1.4.14);

The requirement for materials for components and other parts to be of HB40 CLASS MATERIAL,
HB75 CLASS MATERIAL, or HBF*CLASS FOAMED MATERIAL, does not apply to any of the following:

— electrical companents that do not present a fire hazard under abnormal operating
conditions when tested according to 5.3.7;

- materials ahd components within an ENCLOSURE of 0,06 m3 or less, consisting totally of
metal and having no ventilation openings, or within a sealed unit containing an inert gas;

— meterscases (if otherwise determined to be suitable for mounting of parts at HAZARDOUS
VOLTAGE), meter faces and indicator lamps or their jewels;

-~ eomponents meeting the flammability requirements of a relevant IEC component standard
that includes such requirements;

— electronic components, such as integrated circuit packages, optocoupler packages,
capacitors and other small parts that are:

e mounted on V-1 CLASS MATERIAL; Or

e supplied from a power source of no more than 15 VA (see 1.4.11) under normal
operating conditions or after a single fault in the equipment (see 1.4.14) and mounted
on HB75 CLASS MATERIAL if the thinnest significant thickness of this material is < 3 mm, or
HB40 CLASS MATERIAL if the thinnest significant thickness of this material is > 3 mm;

wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP, polychloroprene or
polyimide;
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— individual clamps (not including helical wraps or other continuous forms), lacing tape,
twine and cable ties used with wiring harnesses;

— gears, cams, belts, bearings and other small parts that would contribute negligible fuel to
a fire, including DECORATIVE PARTS, labels, mounting feet, key caps, knobs and the like;

— supplies, consumable materials, media and recording materials;

— parts that are required to have particular properties in order to perform intended functions,

such as rubber rollers for paper pick-up and delivery, and ink tubes.

Compliance is checked by inspection of the equipment and material data sheets and,.f
necessary, by the appropriate test or tests in Annex A.

4.7.3.4 Materials for components and other parts inside fire enclosures

Requirements for materials in air filter assemblies are in 4.7.3.5 and requirements for
materials in high-voltage components in 4.7.3.6. Requirements for yoltage dependent
resistors (VDR’s) are in Annex Q.

Inside FIRE ENCLOSURES, materials for components and other parts;<(including MECHANICAL
ENCLOSURES and ELECTRICAL ENCLOSURES located inside FIRE ENCLOSURES), shall comply with
one of the following:

— be of v-2 CLASS MATERIAL or HF-2 CLASS FOAMED MATERIAL;or
— pass the flammability test described in Clause A.2y0r

— meet the flammability requirements of a relevant IEC component standard that includes
such requirements.

The above requirement does not apply to any/of the following:

— electrical components that do not\present a fire hazard under abnormal operating
conditions when tested according46/5.3.7;

- materials and components within an ENCLOSURE of 0,06 m3 or less, consisting totally of
metal and having no ventilatioh openings, or within a sealed unit containing an inert gas;

— one or more layers of thin insulating material, such as adhesive tape, used directly on any
surface within a FIRENENCLOSURE, including the surface of current-carrying parts, provided
that the combination:of the thin insulating material and the surface of application complies
with the requirements of V-2 CLASS MATERIAL, or HF-2 CLASS FOAMED MATERIAL;

NOTE Where thethin insulating material referred to in the above exclusion is on the inner surface of the FIRE
ENCLOSURE itself/the requirements in 4.6.2 continue to apply to the FIRE ENCLOSURE.

— meter cases (if otherwise determined to be suitable for mounting of parts at HAZARDOUS
VOLTAGE), meter faces and indicator lamps or their jewels;

— electronic components, such as integrated circuit packages, optocoupler packages,
capacitors and other small parts that are mounted on V-1 CLASS MATERIAL;

</ wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP, polychloroprene or

polyimide;

— individual clamps (not including helical wraps or other continuous forms), lacing tape,
twine and cable ties used with wiring harnesses;

— the following parts, provided that they are separated from electrical parts (other than
insulated wires and cables), which under fault conditions are likely to produce a
temperature that could cause ignition, by at least 13 mm of air or by a solid barrier of
V-1 CLASS MATERIAL:

e (gears, cams, belts, bearings and other small parts that would contribute negligible fuel
to a fire, including, labels, mounting feet, key caps, knobs and the like;
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e supplies, consumable materials, media and recording materials;

e parts that are required to have particular properties in order to perform intended
functions, such as rubber rollers for paper pick-up and delivery, and ink tubes;

e tubing for air or any fluid systems, containers for powders or liquids and foamed plastic
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
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Compliance is checked by inspection of the equipment and material data sheets and,. if
necessary, by the appropriate test or tests of Annex A.

4.7.3.5 Materials for air filter assemblies

Air filter assemblies shall be constructed of V-2 CLASS MATERIAL, or HF-2 CLASS FOAMED
MATERIAL.

This requirement does not apply to the following constructions:
— air filter assemblies in air circulating systems, whether or not airtight, that are not intended
to be vented outside the FIRE ENCLOSURE;

— air filter assemblies located inside or outside a FIRE ENCLOSURE, provided that the filter
materials are separated by a metal screen from partsothat could cause ignition. This
screen may be perforated and shall meet the requirements of 4.6.2 for the bottoms of FIRE
ENCLOSURES;

— air filter assemblies constructed of

e HB75 CLASS MATERIAL if the thinnest significant thickness of this material is < 3 mm, or
e HB40 CLASS MATERIAL if the thinnest significant thickness of this material is > 3 mm, or

e HBF CLASS FOAMED MATERIAL,

provided that they are separated«by at least 13 mm of air, or by a solid barrier of v-1 CLASS
MATERIAL, from electrical partst(other than insulated wires and cables) which under fault
conditions are likely to produce a temperature that could cause ignition.

Compliance is checked by -inspection of the equipment and material data sheets and, if
necessary, by appropriate-tests.

4.7.3.6 Materials used in high-voltage components

High-voltage_components operating at peak-to-peak voltages exceeding 4 kV shall either be
of V-2 CLASS\MATERIAL, or HF-2 CLASS FOAMED MATERIAL, or comply with 14.4 of IEC 60065 or
pass the«needle flame test according to IEC 60695-11-5.

Compliance is checked by inspection of the equipment and material data sheets and, if
necessary, by

£
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— the test described in 14.4 of IEC 60065; or
— the needle flame test according to IEC 60695-11-5.

In addition, the following details apply, referring to clauses of IEC 60695-11-5:
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Clause 7 — Severities

The test flame is applied for 10 s. If a self-sustaining flame does not last longer than 30 s, the
test flame is applied again for 1 min at the same point or at any other point. If again a self-
sustaining flame does not last longer than 30 s, the test flame is then applied for 2 min at the
same point or at any other point.

Clause o — Londitioning

Except for high voltage transformers and high voltage multipliers the samples are stored\for
2 h in an oven at a temperature of 100 °C + 2 °C.

For high voltage transformers, a power of 10 W (d.c. or a.c. at mains frequency)Cis initially
supplied to the high-voltage winding. This power is maintained for 2 min, after<which it is
increased by successive steps of 10 W at 2 min intervals to 40 W.

The treatment lasts 8 min or is terminated as soon as interruption. of the winding or
appreciable splitting of the protective covering occurs.

NOTE 1 Certain transformers are so designed that this preconditioning cannot be conducted. In such cases the
oven preconditioning applies.

For high-voltage multipliers, a voltage taken from an appropriate high-voltage transformer, is
supplied to each sample, its output circuit being short-circuited.

The input voltage is adjusted so that the short-circujt_current is initially 25 mA + 5 mA. This
current is maintained for 30 min or is terminated as.soon as any interruption of the circuit or
appreciable splitting of the protective covering accurs.

NOTE 2 Where the design of a high-voltage multipliernis such that a short-circuit current of 25 mA cannot be
obtained, a preconditioning current is used, which represents the maximum attainable current, determined either by
the design of the multiplier or by its conditions of use.in a particular apparatus.

Clause 11 — Evaluation of test results

After the first application of the test flame, the test sample shall not be consumed completely.

After any application of the(test flame, any self-sustaining flame shall extinguish within 30 s.
No burning of the WRAPPING TISSUE shall occur and the board shall not be scorched.

Table-4E — Summary of material flammability requirements

Part Requirement

FIRE ENCLOSURES MOVABLE EQUIPMENT > 18 kg and |- 5VB
4.7.3.2 STATIONARY EQUIPMENT Test A1

— Hot wire test of IEC 60695-2-20
(If <13 mm of air from parts at high
temperatures that could cause
ignition)

MOVABLE EQUIPMENT < 18 kg - V-1
— TestA.2
— Hot wire test of IEC 60695-2-20
(If < 13 mm of air from parts at high

temperatures that could cause
ignition)

Parts that fill an opening - V41
— TestA.2
— Component standard

Components and parts, including MECHANICAL ENCLOSURES and — HBA40 for thicknesses > 3 mm
EL;E%T?SQS T;léc');UREs, outside FIRE ENCLOSURES — HB75 for thicknesses < 3 mm
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- HBF

— Glow-wire test 550 °C
of IEC 60695-2-11

For connectors and exceptions
see 4.7.3.3

Components and parts, including MECHANICAL ENCLOSURES and - V-2
ELECTRICAL ENCLOSURES, inside FIRE ENCLOSURES — HF-2
4.7.3.4

—TFestA2
— Component standard
For exceptions see 4.7.3.4

Air filter assemblies - V-2
4.7.3.5 _ HF-2

— TestA.2
For exceptions see 4.7:8.5

High voltage (> 4 kV) components - V-2
4.7.3.6 HE-2

Test of 14 4\of IEC 60065
Needleflame test of IEC 60695-11-5

5 Electrical requirements and simulated abnormal conditions

5.1 Touch current and protective conductor current

In this subclause measurements of current through nétworks simulating the impedance of the
human body are referred to as measurements of TOUCH CURRENT.

Except for application of 5.1.8.2, these requiremgénts do not apply to equipment intended to be
supplied by only a DC MAINS SUPPLY.

5.1.1 General

Equipment shall be so designed and-constructed that neither TOUCH CURRENT nor PROTECTIVE
CONDUCTOR CURRENT is likely to greate an electric shock hazard.

Compliance is checked by testing in accordance with 5.1.2 to 5.1.7 inclusive, and, if relevant,
5.1.8 (see also 1.4.4).

However, if it is clear from a study of the circuit diagrams of either STATIONARY PERMANENTLY
CONNECTED EQUIRMENT oOr STATIONARY PLUGGABLE EQUIPMENT TYPE B, that has a PROTECTIVE
EARTHING CONDUETOR, that the TOUCH CURRENT will exceed 3,5 mA r.m.s., but that the
PROTECTIVE GONDUCTOR CURRENT will not exceed 5 % of input current, the tests of 5.1.5, 5.1.6
and 5.1.7.4 a) are not made.

NOTE _.Inthe above case, the requirement of 5.1.7.1 b) continues to apply.
5A4.2" Configuration of equipment under test (EUT)

5.1.2.1 Single connection to an a.c. mains supply

Systems of interconnected equipment with individual connections to the AC MAINS SUPPLY shall
have each piece of equipment tested separately. Systems of interconnected equipment with
one common connection to the AC MAINS SUPPLY shall be treated as a single piece of
equipment. See also 1.4.10 regarding the inclusion of optional features.

NOTE Systems of interconnected equipment are specified in more detail in Annex A of IEC 60990.

5.1.2.2 Redundant multiple connections to an a.c. mains supply

Equipment that is designed for multiple connections to the AC MAINS SUPPLY, only one of which
is required at a time, shall be tested with only one connection.
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5.1.2.3 Simultaneous multiple connections to an a.c. mains supply

Equipment requiring power simultaneously from two or more AC MAINS SUPPLIES shall be tested
with all AC MAINS SUPPLIES connected.

The total TOUCH CURRENT through all PROTECTIVE EARTHING CONDUCTORS that are connected to
each other and to earth is measured.

A PROTECTIVE EARTHING CONDUCTOR that is not connected within the equipment to other
earthed parts in the equipment shall not be included in the above tests. If an a.c. power
source has such a PROTECTIVE EARTHING CONDUCTOR it shall be tested separately according\to
5.1.2.1 (see also 5.1.7.2).

5.1.3 Test circuit

Equipment is tested using the test circuit in Figure 5A (for single-phase equipment to be
connected only to a star TN or TT power distribution system) or Figure 5B (for three-phase
equipment to be connected only to a star TN or TT power distribution system) or where
appropriate, another test circuit from Figures 7, 9, 10, 12, 13 or 14 of IEC 60990.

The use of a test transformer for isolation is optional. Forcmaximum protection, a test
transformer for isolation (T in Figures 5A and 5B) is used and)the main protective earthing
terminal of the EUT is earthed. Any capacitive leakage in the transformer shall then be taken
into account. As an alternative to earthing the EUT, the test transformer secondary and the
EUT are left floating (not earthed) in which case capacitive leakage in the transformer need
not be taken into account.

If transformer T is not used, the EUT and the test circuitry shall not be earthed. The EUT is
mounted on an insulating stand, and appropfiate safety precautions are taken in view of the
possibility of the BODY of the equipment being. at a HAZARDOUS VOLTAGE.

Equipment to be connected to an IT_ power distribution system is tested accordingly (see
Figures 9, 10 and 12 of IEC 60990):(Such equipment may also be connected to a TN or TT
power distribution system without further test.

Single-phase equipment intended to be operated between two line conductors is tested using
a three-phase test circuit stich as Figure 5B.

If it is inconvenient to test equipment at the most unfavourable supply voltage (see 1.4.5), it is
permitted to test the.equipment at any available voltage within the tolerance of RATED VOLTAGE
or within the RATED VOLTAGE RANGE, and then calculate the results.
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NOTE This figure is derived from Figure 6 of IEC 60990.
Figure 5A — Test circuit for touch current of single-phase equipment

on a star TN or TT power supply system
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NOTE This figure is derived from Figure 11 of IEC 60990.

Figure 5B — Test circuit for touch current of three-phase equipment
on a star TN or TT power supply system
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5.1.4 Application of measuring instrument

Tests are conducted using one of the measuring instruments in Annex D, or any other circuit
giving the same results.

Terminal B of the measuring instrument is connected to the earthed (neutral) conductor of the
supply (see Figure 5A or 5B).

Terminal A of the measuring instrument is connected as specified in 5.1.5.

For an accessible non-conductive part, the test is made to metal foil having dimensiohs” of
100 mm by 200 mm in contact with the part. If the area of the foil is smaller than the\surface
under test, the foil is moved so as to test all parts of the surface. Where adhesive metal foil is
used, the adhesive shall be conductive. Precautions are taken to prevent the métal foil from
affecting the heat dissipation of the equipment.

NOTE 1 The foil test simulates hand contact.

Accessible conductive parts that are incidentally connected to other_parts are tested both as
connected and disconnected parts.

NOTE 2 Incidentally connected parts are described in more detail in Annex €ef)IEC 60990.

5.1.5 Test procedure

For equipment having a protective earthing connection_,or a FUNCTIONAL EARTHING connection,
terminal A of the measuring instrument is connected. via measurement switch "s" to the main
protective earthing terminal of the EUT, with the/earthing conductor switch "e" open.

The test is also conducted, on all equipnient, with terminal A of the measuring network
connected via measurement switch "s" to\each unearthed or non-conductive accessible part
and each unearthed accessible circuit,Anturn, with the earthing conductor switch "e" closed.

Additionally:

— for single-phase equipment, the tests are repeated in reverse polarity (switch "p1");

— for three-phase equipment, the tests are repeated in reverse polarity (switch "p1") unless
the equipment is sensitive to phase sequence.

When testing three-phase equipment, any components used for EMC purposes and
connected between line and earth are disconnected one at a time; for this purpose, groups of
components(” in” parallel connected through a single connection are treated as single
components. " Each time a line-to-earth component is disconnected the sequence of switch
operations’is repeated.

NOTE\ ~Where filters are normally encapsulated, it may be necessary to provide an unencapsulated unit for test or
to’simulate the filter network.

For each placement of the measuring instrument any switches in the PRIMARY CIRCUIT and

likely to be operated in normal use are open and closed in all possible combinations.

After applying each test condition, the equipment is restored to its original condition, that is
without fault or consequential damage.

5.1.6 Test measurements

Either the r.m.s. value of the voltage, U,, is measured using the measuring instrument of

Figure D.1, or the r.m.s. value of the current is measured using the measuring instrument of
Figure D.2.
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The D.1 instrument gives a more accurate measurement than the D.2 instrument if the
waveform is non-sinusoidal and the fundamental frequency exceeds 100 Hz.

Alternatively, the peak value of the voltage, U,, is measured using the measuring instrument
described in Clause D.1.

If the voltage, U,, is measured using the measuring instrument described in Clause D.1, the

following calculation is used:

TOUCH CURRENT (A) = U,/ 500

NOTE Although r.m.s. values of TOUCH CURRENT have traditionally been measured, peak values provide better
correlation with the response of the human body to non-sinusoidal current waveforms.

None of the values measured in accordance with 5.1.6 shall exceed the relevant limits in
Table 5A, except as permitted in 2.4 (see also 1.5.6 and 1.5.7) and 5.1.7.

Table 5A — Maximum current

Terminal A of Maximum Maximum
Type of equipment measuring instrument TOUCH CURRENT PROTECTIVE CONDUCTOR
connected to: mA r.mis?”® CURRENT
All equipment Accessible parts 0)25 -

and circuits not connected
to protective earth ®

HAND-HELD 0,75 -

MOVABLE (other than 3,5 -
HAND-HELD, but including
TRANSPORTABLE EQUIPMENT)

STATIONARY, 3,5 -
PLUGGABLE TYPE A Equipment main protective
earthing terminal

All other STATIONARY (if any)

EQUIPMENT

— not subject to the 3,5 -
conditions of 5.1.7

— subject to the conditions - 5 % of input current
of 5.1.7

a |f peak values of TQUEGH CURRENT are measured, the maximum values are obtained by multiplying the r.m.s.
values in the table by 1,414.

b Some unearthed“accessible parts are covered in 1.5.6 and 1.5.7 and the requirements of 2.4 apply. These
may be different from those in 5.1.6.

5457 Equipment with touch current exceeding 3,5 mA

51.7.1 General

TOUCH CURRENT measurement results exceeding 3,5 mA r.m.s. are permitted for the following
equipment having a main protective earthing terminal:

— STATIONARY PERMANENTLY CONNECTED EQUIPMENT,
— STATIONARY PLUGGABLE EQUIPMENT TYPE B;

— STATIONARY PLUGGABLE EQUIPMENT TYPE A with a single connection to the AC MAINS SUPPLY,
and provided with a separate protective earthing terminal in addition to the main protective
earthing terminal, if any (see 2.6.4.1). The installation instructions shall specify that this
separate protective earthing terminal be permanently connected to earth;
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NOTE 1 The above equipment is not required to be installed in a RESTRICTED ACCESS LOCATION. However, the
requirement to be STATIONARY EQUIPMENT is more onerous than the similar requirements in 2.3.2.3 a) because the
potential hazard is greater.

— MOVABLE or STATIONARY PLUGGABLE EQUIPMENT TYPE A for use in a RESTRICTED ACCESS
LOCATION, with a single connection to the AC MAINS SUPPLY, and provided with a separate
protective earthing terminal in addition to the main protective earthing terminal, if any (see
2.6.4.1). The installation instructions shall specify that this separate protective earthing
terminal be permanently connected to earth;

NOTE 2 The limitation of use to a RESTRICTED ACCESS LOCATION is more onerous than the similar requirements in
2.3.2.3 a) because the potential hazard is greater.

— STATIONARY PLUGGABLE EQUIPMENT TYPE A with simultaneous multiple connections (t¢.the
AC MAINS SUPPLY, intended to be used in a location having equipotential bonding (such as
a telecommunication centre, a dedicated computer room or a RESTRICTED, ‘ACCESS
LOCATION). A separate additional protective earthing terminal shall be provided on the
equipment. The installation instructions shall require all of the following:

e the building installation shall provide a means for connection to protective earth; and
e the equipment is to be connected to that means; and

e a SERVICE PERSON shall check whether or not the socket-outlet from which the
equipment is to be powered provides a connection to thé\building protective earth. If
not, the SERVICE PERSON shall arrange for the installaiion of a PROTECTIVE EARTHING
CONDUCTOR from the separate protective earthing terminal to the protective earth wire in
the building.

NOTE 3 In Finland, Norway and Sweden, TOUCH CURRENT measurement results exceeding 3,5 mA r.m.s. are
permitted only for the following equipment:
- STATIONARY PLUGGABLE EQUIPMENT TYPE A that

e s intended to be used in a RESTRICTED ACCESS LQCATION where equipotential bonding has been applied, for
example, in a telecommunication centre,

e has provision for a permanently connected PROTECTIVE EARTHING CONDUCTOR, and

e is provided with instructions for the installation of that conductor by a SERVICE PERSON;
- STATIONARY PLUGGABLE EQUIPMENT TYPE B}
- STATIONARY PERMANENTLY CONNECTEB-EQUIPMENT.

NOTE 4 In Denmark, TOUCH CURRENT measurement results exceeding 3,5 mA r.m.s. are permitted only for
PERMANENTLY CONNECTED EQUIPMENT and PLUGGABLE EQUIPMENT