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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCH MODE POWER SUPPLIES -
Part 7: Safety requirements

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢omgrising
national electrotechnical committees (IEC National Committees). The object of IEC is”,to prpmote
rnational co-operation on all questions concerning standardization in the electrical and electroniC fielfls. To
end and in addition to other activities, IEC publishes International Standards, Technical Specificgtions,
Tegchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National‘Committee intefested
in|the subject dealt with may participate in this preparatory work. International, “governmental and non-
ernmental organizations liaising with the IEC also participate in this preparation, {EC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance withy’conditions determined by

2) The formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an interngtional
consensus of opinion on the relevant subjects since each technical cammittee has representation from all

3) IEL Publications have the form of recommendations for international use and are accepted by IEC National
Cqgmmittees in that sense. While all reasonable efforts are made to’ ensure that the technical content ¢f IEC
Pyblications is accurate, IEC cannot be held responsible forxdhe way in which they are used or fqr any
misinterpretation by any end user.

4) In]order to promote international uniformity, IEC National Committees undertake to apply IEC Publicptions
trgnsparently to the maximum extent possible in theiryhational and regional publications. Any divergence
beffween any IEC Publication and the corresponding national or regional publication shall be clearly indicdted in
the¢ latter.

5) IE[ itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible f¢r any
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have,thé latest edition of this publication.

7) Ngq liability shall attach to IEC or itsidirectors, employees, servants or agents including individual exper{s and
m¢mbers of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature Wwhatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othdr IEC
Pdblications.

8) Atfention is drawn to.the/Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the_correct application of this publication.

9) Atjention is drawnato the possibility that some of the elements of this IEC Publication may be the subject of
patent rights, IEC-shall not be held responsible for identifying any or all such patent rights.

DISCLAIMER

This«Extended version is intended only to provide the user with a comprehengive
conWmmmWed

version is not an official IEC Standard. Only the current versions of the related
standards are to be considered the official documents.

This Extended version of IEC 61204-7:2016 includes the provisions of the general rules
dealt with in IEC 62477-1:2012. Clauses and subclauses of IEC 62477-1:2012 that are
applicable in IEC 61204-7:2016 have been introduced in the content in red text.

International Standard IEC 61204-7 has been prepared by subcommittee 22E: Stabilized
power supplies, of IEC technical committee 22: Power electronic systems and equipment.

This second edition cancels and replaces the first edition published in 2006. This edition
constitutes a complete technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

a) use of IEC 62477-1 as reference document, instead of IEC 60950-1;
b) modification of the title by deleting the wording “DC output-“ and adding “switch mode”.

IEC 61204-7 has the status of a product standard.

The text of this document is based on the following documents:

Full i
votin

This

EDIS Report on voting

22E/175/FDIS 22E/177/RVD

nformation on the voting for the approval of this document can be found in the repo
j indicated in the above table.

publication has been drafted in accordance with the ISO/IEC Directivés, Part 2.

A lisf of all parts in the IEC 61204 series, published under the general title Low-voltage p

supp

Futu

jes, d.c. output, can be found on the IEC website.

e standards in this series will carry the new general tjtle as cited above. Titles of exi

standards in this series will be updated at the time of the€, next edition.

This

International Standard is to be read in conjunction with IEC 62477-1:2012.

NOTE| A consolidated version is under consideration.

Subdlauses that are numbered starting fram 100 are additional to those in IEC 62477-1:2

Addi

New

The

ional tables and figures in this document are numbered starting from 100.
annexes in this document.are lettered AA, AB, AC, etc.

wordings SMPS and “"power supply" are considered to be identical throughout

document.

Refe

rences of the\réference document to clauses or tables, which have been modified in

document, shdll'be read as reference to the relevant clauses or tables of this document.

Refe

 to 3.100 for further information on how to read this document.

rt on

ower

sting

D12.

this

this

In this document, the following print types are used:

— Requirements proper and normative annexes: in roman type.

- N
- N

otes and other informative matter: in smaller roman type.

ormative conditions within tables: in smaller roman type.

— Terms that are defined in clause 3 or IEC 62477-1:2012: Bold Italic.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website 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.

that| it contains colours which are considered to be useful for the—icorrect
understanding of its contents. Users should therefore print this document usi
colour printer.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indiciates

g a
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INTRODUCTION

IEC 62477-1:2012, used by this document as a reference, relates to products that include
power electronic converters, with a rated system voltage not exceeding 1 000V AC or
1 500 V DC. It specifies requirements to reduce risks of fire, electric shock, thermal, energy
and mechanical hazards, except functional safety as defined in IEC 61508 (all parts). The
objectives of this standard are to establish a common terminology and basis for the safety
requirements of products that contain power electronic converters across several
IEC technical committees.

|IEC 62477-1:2012 was dp\/plnppd with the intention

be used as a reference document for product committees inside IEC ~technical
cpmmittee 22: Power electronic systems and equipment in the development of prgoduct
standards for power electronic converter systems and equipment,

r
r

replace IEC 62103 as a product family standard providing minimum’requiremenis
spfety aspects of power electronic converter systems and equipment ‘in apparatup
hich no product standard exists, and

fo
fo

NOTE The scope of IEC 62103 contains reliability aspects, which are not covered by this document.

be used as a reference document for product commitiees outside TC 22 in the
development of product standards of power electronic converter systems and equipment
imtended for renewable energy sources. TC 82, TC 88,4TC€ 105 and TC 114, in partigular,
hlave been identified as relevant technical committees at the time of publication.

As guch, IEC technical sub-committee 22E: Stabilized switched-mode power sugplies
carefully considered the relevance of each paragraph of IEC 62477-1:2012 for the SMP§ and
referenced, added, replaced or modified requirements as relevant. This is because product-
speclfic topics not covered by the reference document are the responsibility of the technical
comrmittee using the reference document.

The feference document, being a group safety standard, will not take precedence over this
produict-specific standard accordingyto IEC Guide 104. IEC Guide 104 provides informpation
about the responsibility of product committees to use group safety standards fon the
deveJopment of their own product standards.
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LOW-VOLTAGE SWITCH MODE POWER SUPPLIES -

Part 7: Safety requirements

0 Principles of safety

Safety principles of this document follow the concepts of IEC Guide 116 and Annex

D of

CENELEC Guide 32:2014.

NOTE| The principles of safety are mainly adopted from IEC 60950-1:2005/AMD1:2009/AMD2:2013.
0.1 General

The |following principles have been adopted by IEC technical committee 22E in

the

development of this document. These principles do not cover performance or funcfional

characteristics of equipment.

It is lessential that designers understand the underlying principles of safety requiremer
ordef that they can engineer safe equipment.

Thesle principles are not an alternative to the detailed requirements of this document, bu
intended to provide designers with an appreciation of\the basis of these requirements. W
the gquipment involves technologies, components and materials or methods of constru
not specifically covered, the design of the equipment should provide a level of safety nof
than [that described in these principles of safety.

NOTE| The need for additional detailed requirements to cope with a new situation is brought promptly
attentfon of the appropriate committee.

Designers will take into account ngb only normal operating conditions of the equipmegl but
n

also |likely fault conditions, consgequential faults, foreseeable misuse and external influ
such| as temperature, altitude; pollution, moisture, overvoltages on the mains supply
non-mains supply.

Dimgnsioning of insulation spacings should take account of possible reduction
mandfacturing tolefances, or where deformation could occur due to handling, shock
vibration likely to.berencountered during manufacture, transport and normal operation.

The following-priorities should be observed in determining what design measures to adop}:

ts in

t are
here
iction
less

o the

ces
and

b by
and

- here “possible, specify design criteria that will eliminate, reduce or guard ag1ainst

hazards;

— where the above is not practicable because the functioning of the equipment woul

d be

impaired, specify the use of protective means independent of the equipment, such as

personal protective equipment (which is not specified in this document);

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

ures,

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

and service persons.

Operator is the term applied to all persons other than service persons. Requirements for

protection should assume that operators are not trained to identify hazards, but wil

| not

intentionally create a hazardous situation. Consequently, the requirements will provide
protection for cleaners and casual visitors as well as the assigned operators. In general,
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operators should not have access to hazardous parts, and to this end, such parts should only
be in service access area or in equipment located in restricted access areas.

When operators are admitted to restricted access areas (RAA) they shall be suitably
instructed.

NOTE The term "restricted access area" (RAA) is also known as "restricted access location" (RAL).

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 areas. However, service persons

providing shields to avoid accidental contact with hazardous parts, and providing, labels or
instryictions 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 sefvice
pers}:ns. In general, operators shall not be exposed to hazards likely"to cause injury] and
information provided for operators should primarily aim at avoiding,misuse and situations
likely to create hazards, such as connection to the wrong power(source and replacemgnt of
fuseg by incorrect types.

Moveéable equipment is considered to present a slightly increased risk of shock, due to
poss|ble extra strain on the supply cord leading to rupture of the earthing conductor. |With
handrheld equipment, this risk is increased; wear.on the cord is more likely, and fdurther
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 epters
an opening in the enclosure, it can move around inside the equipment, possibly creat|ng a
hazafd.

0.2 Hazards
0.2.1 General

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

|
D

ectric shock;

|
[0)

hergy related hazards;

— fife;

|
>

pat related hazards;
echianical hazards;

3

hentical hazards.

O

NOTE Radiation hazard are not included, as LEDs used for the purpose of indication and display only are not
considered to cause hazardous radiation (e.g. like high intense lighting LEDs).

0.2.2 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 milliamp can cause a reaction in persons in good health and
may cause injury indirectly due to involuntary reaction. Higher currents can have more direct
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effects such as burn or muscle tetanisation leading to inability to let go or to ventricular
fibrillation.

It is normal to provide two levels of protection for operators 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.

Harm may result from

1) contact with hazardous-live-parts,
2)
3)
4)

5) tpuch current (leakage current) flowing from hazardous-live-parts to accessible parts, or
failure of a protective earthing connection. Touch current may includg-current dlie to
HMC filter components.

0.2.3 Energy related hazards

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

— bprns,
— afcing, and

— election 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;

n

nielding;
— pfovision of safety interlocks.

NOTE| Safety interlocks are not*described within this document.
0.2.4 Fire

Risk [of fire may.result from excessive temperatures either under normal operating conditions
or dyie to overlead, component failure, insulation breakdown or loose connections. Fires
origimating within the equipment should not spread beyond the immediate vicinity of the
sour¢e ofthe fire, nor cause damage to the surroundings of the equipment.

Exa boloa of oo iirac 0 bl on
PTCSOT T aSuTrc s toToTUoTT

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

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

— limiting the quantity of combustible materials used;
— shielding or separating combustible materials from likely ignition sources;
— using enclosures or barriers to limit the spread of fire within the equipment;

— using suitable materials for enclosures so as to reduce the likelihood of fire spreading
from the equipment.
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0.2.5 Heat related hazards

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

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

ignition of flammable liquids.

Examples of measures to reduce risks include:

0.2.6 Mechanical hazards

Injury may result from

Examples of measures to reduce risks include:

0.2.7 Chemical hazards

Injury may result from_contact with some chemicals or from inhalation of their vapoursg
fumes.

Examples of measures to reduce risks include:

0.3

t,-llin tanc o
qrc O

a-ctan woid-hiah toamnaratiira ~f
THg—StePo < et T

) o
TV Ot g 154 otoT oo™

ajoiding temperatures above the ignition point of liquids;

provision of markings to warn operators where access to hot parts is unavoidable’

harp edges and corners,

s
moving parts that have the potential to cause injury,
efuipment instability,

spnic pressure, and

flying particles from exploding components (like electrolytic capacitors).

rounding of sharp edges and corners;
glarding;
providing sufficient stability to free-standing equipment;

selecting suitable components, for'example electrolytic capacitors with integral pres
re¢lief to avoid explosion;

provision of markings to warn’ operators where access is unavoidable.

apoiding the use of constructional and consumable materials likely to cause injuf

cpntact or inhalation during intended and normal conditions of use;

avoiding conditions likely to cause leakage or vaporization;
provision of markings to warn operators about the hazards.

Materials and components

sure

and

y by

Materials and components used in the construction of equipment should be so selected and
arranged that they can be expected to perform in a reliable manner for the anticipated life of
the equipment without creating 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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1 Scope
1.1 Equipment covered by this document

This part of IEC 61204 specifies the safety requirements for switch mode power supply
(SMPS) units supplied by source voltages up to 1 000 V AC or 1500 V DC providing AC
and/or DC output(s), except inverter output(s) establishing AC mains (see exceptions in 1.2).

NOTE

1 This document by definition covers DC-DC converters.

NOTE 2 Power supplies may provide accessory AC mains socket outlets, when such outputs are supplied from

the AG—mains

This

document. DC power and distribution equipment which provides, distributes, monitors
ols isolated secondary circuit power to other equipment typically used inJinformation

contn
and

Equi

|
—h

U

|
-

gliability and risk considerations-(e.g. related to power loss);

product standard covers both stand-alone and component SMPS as defined-in

ommunication technology equipment installations (refer to Annex AC).

bment which is within the scope of Annex AC consists of some or alldf the following:

stribution panelboards, powerboards, disconnects, and overcurrent protective device
bntrol and monitoring equipment;
5semblies consisting of: racks, shelves, and enclosures“which could contain any @

bnverters, and inverters), batteries, and any other rélated peripheral devices.

e no standards exist, use of this document for ‘ether applications is not precluded.

Exclusions
document does not cover:

nctional safety aspects as covered by for example IEC 61508 (all parts);

this
and

S;

f the

bove components, interconnecting hardware, power supplies (such as rectifiers,

— infformation and communication technology equipment other than SMPS to |such
apparatus;

— e|ectrical equipment and systems for railways applications and electric vehicles.

— njotor-generator, sets;

— upinterruptibletpower supplies (UPS);

— djrect plug=ic-power units;

— ppwer_ssupplies according to IEC 61558 (all parts) covering linear power supply [units
incorporating safety isolating transformers providing SELV or PELV output(§) in
apcordance with IEC 60364-4-41 and SMPS for use with household and other consumer
products;

— transformers covered by IEC 61558-1;

— step-down converters covered by IEC 60146-1-1;

— SMPS and converters for use with or in products covered by IEC 61347-2-2;

— AC or DC mains supply distribution equipment which is part of the building wiring system
and not an integral part of the equipment used in DC power and distribution equipment,
batteries, the design or installation of DC power and distribution conductors and other

b

uilding installation wiring (not covered by Annex AC).
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Additional requirements

Requirements additional to those specified in this document may be necessary for

SMPS which comply with this document and satisfy the requirements of SMPS for use in
or with other equipment, when referenced in such end product standards,

SMPS intended for operation in special environments (for example, extremes of
temperature; excessive dust, moisture or vibration (e.g. earth quake zones); flammable
gases; and corrosive or explosive atmospheres),

SMPS intended to be used in vehicles, on board ships or aircraft, or in tropical countries,
and

iMPS intended for use where ingress of water is possible; for guidance on\|such
requirements and on relevant testing, see IEC 60529.

NOTE| Attention is drawn to the fact that authorities in some countries impose additional requirements for Health,

envirgnmental and similar reasons.

2

Clauge 2 of IEC 62477-1:2012 applies with the following exceptions/additions:

Normative references

The following documents are referred to in the text in suchta,way that some or all of |their

content constitutes requirements of this document. For dated references, only the emition
cited|applies. For undated references, the latest edition,of ‘the referenced document (incl
any amendments) applies.

ding

IEC 60227 (all parts), Polyvinyl chloride insulated\cables of rated voltages up to and inclyding

450/750 vV

IEC 60245 (all parts), Rubber insulated, cables — Rated voltages up to and incllding

450/750 V

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

IEC $0384-14:2013, Fixed ‘eapacitors for use in electronic equipment — Part 14: Seclional
specification: Fixed capagitors for electromagnetic interference suppression and connectipn to

the supply mains

IEC $0417:2002.Jonline database], Graphical symbols for use on equipment [viewed 2016-06-

24].

IEC
IEC
IEC

A\vailable at-http://www.graphical-symbols.info/

0529:1989/AMD1:1999

O520:-4000Q0/AMNMMND.ONA4D
UVUJUAJ. TIUJI/MIVIDV A .2V TJI

;0529:1989, Degrees of protection provided by enclosures (IP Code)

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

IEC 60695-11-20:1999, Fire hazard testing — Part 11-20: Test flames — 500 W flame test
methods

IEC 60730-1:2010, Automatic electrical controls — Part 1: General requirements

IEC 60738-1:2009, Thermistors — Directly heated positive temperature coefficient — Part 1:
Generic specification
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IEC 60747-5-5:2007, Semiconductor devices — Discrete devices — Part 5-5: Optoelectronic
devices — Photocouplers

IEC 60799, Electrical accessories — Cord sets and interconnection cord sets
IEC 60851-3:2009, Winding wires — Test methods — Part 3: Mechanical properties
IEC 60851-5:2008, Winding wires — Test methods — Part 5: Electrical properties

IEC 60851-6:1996, Winding wires — Test methods — Part 6: Thermal properties

IEC (Ii0947-1, Low-voltage switchgear and controlgear — Part 1: General rules

IEC $60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, idisconnedgtors,
switgh-disconnectors and fuse-combination units

IEC $0990:1999, Methods of measurement of touch current and protective conductor current

IEC $1010-1:2010, Safety requirements for electrical equipment,-for measurement, coptrol,
and laboratory use — Part 1: General requirements

IEC $1058-1:2000, Switches for appliances - Part 1: General . requirements
IEC $1058-1:2000/AMD1:2001
IEC $1058-1:2000/AMD2:2007

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

IEC $1558-1:2005, Safety of power transformers, power supplies, reactors and similar
prodlicts — Part 1: General requirements-and tests
IEC $1558-1:2005/AMD1:2009

IEC $1558-2 (all parts), Safety’ of transformers, reactors, power supply units and similar
prodlicts for supply voltages.up to 1 100 V

IEC $1810-1:2008, Electromechanical elementary relays — Part 1: General requirements

IEC $2368-1:2014y" Audio/video, information and communication technology equipmgnt —
Part |1: Safety-requirements

IEC 62477+1:2012, Safety requirements for power electronic converter systems| and
equipment — Part 1: General

3 Terms and definitions

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

e |EC Electropedia: available at http://www.electropedia.org/

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

3.1

adjacent circuit

circuit next to the circuit under consideration having a requirement for functional, simple or
protective insulation
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3.2
basic insulation
insulation applied to hazardous live parts to provide basic protection against electric shock

[SOURCE: IEC 60050-195:1998, 195-06-06, modified]

3.3
basic protection
protection against electric shock under fault-free conditions

[SOURCE: IEC 60050-195:1998, 195-06-01]

3.4
commissioning test
test pn a device or equipment performed on site, to prove the correctness of in§tallatior] and
operation

[SOURCE: IEC 60050-411:1996, 411-53-06, modified]

3.5
decisive voltage class
DvC
clasqification of voltage range used to determine the protéetive measures against elgctric
shock and the requirements of insulation between circuits

3.6
double insulation
insulltion comprising both basic insulation and supplementary insulation

[SOYRCE: IEC 60050-826:2004, 826-12-16]

3.7
DVC|As
secandary circuit providing only safe to touch voltage, under normal and fault conditiong and
limitgd overvoltages

Note { to entry: For limits refer.to Table 5.

Note 2 to entry: The limitation of overvoltage is not related to electric shock, but necessary due to interconnfction
of cirduitry and possiblezaffect to insulation relied on for safety.

3.8
DVC|Ax
DVC|Ax isthe-general DVC value used for DVC A, DVC A1, DVC A2 or DVC A3

Note | to‘entry: Only DVC As is used within this document (refer to 3.100.5).

Note 2 to entry: Wherever IEC 62477-1:2012 uses the definition DVC Ax, it shall be read as DVC As in context
with this document.

3.9

electrical breakdown

failure of insulation under electric stress when the discharge completely bridges the
insulation, thus reducing the voltage between the electrodes almost to zero

[SOURCE: IEC 60664-1:2007, 3.20]

3.10

(electrical) insulation

electrical separation between circuits or conductive parts provided by clearance or creepage
distance or solid insulation or combinations of them
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3.11
(electronic) (power) conversion

change of one or more of the characteristics of an electric power system essentially without

appreciable loss of power by means of power semiconductor devices

Note 1 to entry: Characteristics are, for example, voltage, number of phases and frequency, including zero

frequency.

[SOURCE: IEC 60050-551:1998, 551-11-02, modified]

3.12

enclestie

Note
additi

1 to entry: This standard provides requirement for the enclosure according to IEC 6
nal requirement for mechanical and environmental impact. The purpose of the addition @

housjng affording the type and degree of protection suitable for the intended applicatl?&

<

9%as w|
uiremen
specified |

ensurg the enclosures ability to provide basic protection under the environmental conditj
manufacturer. q/

.

/

[SOURCE: IEC 60050-195:1998, 195-02-35] Q
N
3.13 C)CO

enhdgnced protection
protgctive provision having a reliability of protection not
independent protective provisions

3.14 QQQ

expelcted lifetime

than that provided by

el as
t is to
y the

two

design duration for which the performance ch@cterlstlcs are valid at rated conditiops of

operdtion %)
&

3.15 K\

extr3-low voltage A’\Q’

ELV
voltage not exceeding the releva\rﬁ\fooltage limit of band | specified in IEC 60449

Note | to entry:
commjttees may have defined ELV with different voltage levels.

Note 2 to entry: In thi0 ndard, protection against electric shock is dependent on the decisive

classification. ( )

[SOURCE: IE@50-826:2004, 826-12-30, modified]

O

3.16

fault|p. gﬁ t|on
protgc against electric shock under single-fault conditions

N\
In [EC 60449, b@l is defined as not exceeding 50 V a.c. rrm.s. and 120 V d.c. Other p

oduct

pltage

Note 1 to entry:

For low-voltage installations, systems and equipment, fault protection generally corresponds to

protection against indirect contact as used in IEC 60364-4-41, mainly with regard to failure of basic insulation.

[SOURCE: IEC 60050-195:1998, Amendment 1:1998, 195-06-02]

3.17
field wiring terminal
terminal provided for connection of external conductors to the SMPS

3.18
fire enclosure
part of the equipment intended to minimize the spread of fire or flames from within
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3.19

functional insulation

insulation between conductive parts within a circuit that is necessary for the proper
functioning of the circuit, but which does not provide protection against electric shock

Note 1 to entry: Functional insulation may, however, reduce the likelihood of ignition and fire.

3.20
hazardous-live-part
live part which, under certain conditions, can give a harmful electric shock

[SO RCE. |[EC 60050-195:19098 1qq-nn-nq]

3.21 Q:\“
instdllation ('O
equijment or equipments including at least the SMPS Q’\

Note 1 to entry: The word installation is also used in this standard to denote the process/&fmstalling a SMPS. In
these|cases, the word does not appear in italics. 7

Q
3.22 (1/
live part (b\

condpuctor or conductive part intended to be energized in norrzég_dperation, including a ngutral
condpctor, but by convention not a protective earth conducq{\ protective earth neutral

Note 1 to entry: This concept does not necessarily imply a risk of €l€ctric shock.

[SOYRCE: IEC 60050-195:1998, 195-02-19, modiﬂ'@g]
N

b\

3.23 %)

low Yoltage X

Lv

set df voltage levels used for the distv&i@ation of electricity and whose upper limit is gengrally

accepted to be 1 000 V a.c. or 1 509) d.c.

xS
[SOURCE: IEC 60050-601:198%\)501-01-26, modified]

>
3.24 .,
mains supply
powgr distribution st,@'n that is either an AC mains supply or a DC mains supply

3.25 @

musg¢ular re@@;n (inability to let go)
phys|ologi feaction due to a minimum derived value of touch voltage for a population for
which éﬂrent flowing through the body is just enough to cause involuntary contraction| of a
musgle,Sguch as inability to let go from an electrode, but not including startle reaction

[SOURCE: IEC/TR 60479-5:2007, 3.3.2, modified]

3.26

non-mains supply

electrical circuit that is not energized directly from the mains supply, but is, for example,
isolated by a transformer or supplied by a battery, generator, or similar sources not directly
connected to the a.c. power distribution system

3.27

open type

product intended for incorporation within enclosure or assembly that will provide protection
against hazards
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3.28

output short circuit current

available current r.-m.s or d.c. that flows at the output of the SMPS when a short circuit is
applied by a conductor of negligible impedance

3.29
PELV (system)
electric system in which the voltage cannot exceed the value of extra low voltage:

— under normal conditions; and

— U IdUI OI.II‘\_]I’U faul’t UUlIdI.tI.UIIO, UI\UU'Jt Ualth fau:to ;II Uthcl U:U\Jtl IU Ll;l uulto A
Note ] to entry: PELV is the abbreviation for protective extra low voltage. Q:\~
[SOYRCE: IEC 60050-826:2004, 826-12-32] ,\('o

3.30 A~

permanently connected (equipment) b(
equipment that is intended for connection to the building install wiring using dcrew
terminals or other reliable means ©

O
3.31 NS
S

plugpable equipment type A
equipment that is intended for connection to the maﬁ(supp/y via a non-industrial plud and

sockgt-outlet or a non-industrial appliance coupler, th
A\

3.32 QO

plugpgable equipment type B %)

equipment that is intended for connectio\to the mains supply via an industrial plug| and
sockgt-outlet or an appliance coupleritor both, complying with IEC 60309 or with a

.

comparable national standard A\

O
3.33 \j;\'
port O

AN
acceps to a device or netw€r)< where electromagnetic energy or signals may be suppli¢d or
received or where the deyice or network variables may be observed or measured

[SOURCE: IEC 600@(331:2002, 131-12-60]

3.34 @

power semj ductor device

semi:on@r device used for electronic power conversion
3.35 \%

prospective short circuit current
available current that flows when a short circuit is applied by a conductor of negligible
impedance

3.36
protective-equipotential-bonding
equipotential bonding for purposes of safety (e.g. protection against electric shock)

[SOURCE: IEC 60050-195:1998, 195-01-15, modified]

3.37

protective class |

equipment in which protection against electric shock does not rely on basic insulation only,
but which includes an additional safety precaution in such a way that means are provided for
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the connection of accessible conductive parts to the protective (earthing) conductor in the
fixed wiring of the installation, so that accessible conductive parts cannot become live in the

event of a failure of the basic insulation

3.38
protective class Il
equipment in which protection against electric shock does not rely on basic insulation

only,

but in which additional safety precautions such as supplementary insulation or reinforced

insulation are provided, there being no provision for protective earthing or reliance
installation conditions

upon

3.39

prote¢ctive class Il

equipment in which protection against electric shock relies on supply at DVC As a@, n
voltages higher than those of DVC As are not generated and there is nq\ ovisio
protéctive earthing q/

3.40 AN

prot¢ctive earthing Qb‘
PE (1/

Vhich
h for

earthing of a point in a system, or equipment, for protection ag electr|c shock in casqg of a
fault 6
\<o
3.41
PE cpnductor
condpctor in the building installation wiring, or in *@ower supply cord, connecting a Jmain
protgctive earthing terminal in the equipment to arth point in the bU|Id|ng installatign for
safetly purposes
Q)
3.42 S\
proté¢ctive impedance $
impedance connected between haza@@s live parts and accessible conductive parts, of [such
valug that the current, in normal _use and under likely fault conditions, is limited to a|safe
valug, and which is so constrtg\t~ that its ability is maintained throughout the life of the
equipment )
N
[SOURCE: IEC 60050-@:1 98, 442-04-24, modified]
3.43
(eledtrically) pro |ve screening
sepafation of ts from hazardous live-parts by means of an interposed conductive scfeen,
conn}cted t means of connection for a PE conductor, either directly or via protdctive
equifoten onding
3.44
(electrlcally) protective separation
separation of one electric circuit from another by means of:
— double insulation or
—  basic insulation and electrically protective screening or
—  reinforced insulation
[SOURCE: IEC 60050-195:1998, Amendment 1:1998, 195-06-19]
3.45
power electronic converter
PEC
device or part thereof for the purpose of electronic power conversion, including signalling,
measurement, control circuitries and other parts, if essential for the power conversion function
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3.46

power electronic converter system

PECS
one or more power electronic converters intended to work together with other equipment

3.47
reinf

orced insulation

— 25—

insulation of hazardous-live-parts which provides a degree of protection against electric shock
equivalent to double insulation

[SOURCE: IEC 60664-1:2007, 3.17.5]

3.48
restn
area

prop

Note
her to

Note
skilleg

[Soy
3.49

icted access area

br authorization

routine test

test
whet

[SOU

3.50
sam

test ¢n a number of devices taken@random from a batch

3.51
SELY
elect

C

C

NOTH

[Soy

/ (system)
Fic system in which

-
.\O

e.voltage cannot exceed the value of extra-low voltage:

ons; and

accessible only to electrically skilled persons and electrically instructed per;

to entry: An electrically skilled person is a person with relevant education and exp’é{ience to enable
perceive risks and to avoid hazards which electricity can create 4

P to entry: An electrically instructed person is a person adequately advisp\g}pr supervised by elect
persons to enable him or her to perceive risks and to avoid hazards whicf‘@e

RCE: IEC 60050-195:1998, 195-04-04, modified] Q/C)
;\\
)

o which each individual device is subjectedQ@ng or after manufacture to ascq

her it complies with certain criteria \\
N
RCE: IEC 60050-411:1996, 411-53-02, e fied]
s\*\
ble test ’\Q)

hder normal cog)
nder single@( conditions, including earth faults in other electric circuits

SELV i abbreviation for safety extra low voltage.

R&g) C 60050-826:2004, 826-12-31, modified]
N

wit

Q)
4
%{g

Q’\

tricity can create

h the

him or

rically

rtain

3.52

short circuit backup protection
protection that is intended to operate when other protective measures within a system or
equipment fail to clear a fault

3.53

simple separation
separation between electric circuits or between an electric circuit and local earth by means of
basic insulation

[SOURCE: IEC 60050-826:2004, 826-12-28]
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3.54
single fault condition
condition in which one failure is present which could cause a hazard covered by this standard

Note 1 to entry: |If a single fault condition results in other subsequent failures, the set of failures is considered as
one single fault condition.

Note 2 to entry: Examples of hazards include, but are not limited to electric shock, fire, energy, mechanical, sonic
pressure etc.

3.55
startle reaction
phys[otogicalr Teaction due to a minimum derived value of touch voitage for a popwa;o for

which a current flowing through the body is just enough to cause involuntary cular
contraction to the person through which it is flowing Q/
[SOURCE: IEC/TR 60479-5:2007, 3.3.1, modified] '\(.O

3.56 :\ .
supglementary insulation
independent insulation applied in addition to basic insulation for fau K}%tecﬁon

©

Note | to entry: Basic and supplementary insulation are separate, each%x/@i}ned for simple separation apainst

electric shock.
;\\
®)
Q<<
3.57 Q

[SOYRCE: IEC 60664-1: 2007, 3.17.3, modified]

surge protective device \\

SPD QO

devide that contains at least one non-linear ponent that is intended to limit surge volages
and dlivert surge currents b\

S

Note 1 to entry: An SPD is a complete assembly,@vlng appropriate connecting means.
[SOYRCE: IEC 61643-11:2011,.&3\9]

QS

N
3.58 e
system

set of interrelated an %terconnected independent elements

Note [l to entry: A@@tem is generally defined with the view of achieving a given objective, for example by
performing a defir'Q; nction.

3.59 $O
system, Yojtage

voltag%fsed to determine insulation requirements

Note 1 to entry: See 4.4.7.1.6 for further consideration of system voltage.

3.60
temporary overvoltage
overvoltage at power frequency of relatively long duration

[SOURCE: IEC 60664-1:2007, 3.7.1]

3.61

touch current

electric current passing through a human body or through an animal body when it touches one
or more accessible parts of an electrical installation or electrical equipment

[SOURCE: IEC 60050-826:2004, 826-11-12]
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3.62
type

test

test of one or more devices made to a certain design to show that the design meets certain

spec

ifications

[SOURCE: IEC 60050-811:1991, 811-10-04]

3.63
vent

ricular fibrillation

cardiac fibrillation, limited to the ventricles, leading to ineffective circulation and then to heart
failure
Note 1 to entry: Ventricular fibrillation stops blood circulation.

[SOYRCE: IEC 60050-891:1998, 891-01-16]

3.64

worKing voltage

volta
that

Note

3.65

zong of equipotential bonding

zone

preveént hazardous voltages appearing between them

Note

3.100 General

The
Ther
this
PEL
detai

3.10

abngrmal operation conditions

tem

condjtion of the~equipment itself

Note

result]in a failure of a component, a device or insulation.

3.100-2

e, at rated supply conditions (without tolerances) and worst casepoperating condifions,
bccurs by design in a circuit or across insulation

to entry: The working voltage can be d.c. or a.c. Both the r.m.s. and recurring peak values are used.

where all simultaneously accessible conductivés parts are electrically connectdd to

to entry: For equipotential bonding, it is not necesgary for the parts to be earthed.

erms and definitions of SELV/PELY circuits are inconsistent throughout the standprds.
bfore the definition for DVC circuits has been introduced. Where references are mafle of
document to clauses of the T1EC 62477-1:2012 containing requirements for SELWY and
Y/ circuits, such requirements shall be disregarded. Refer also to 4.4.6.4.2 for further
Is.

A

rary operating-condition that is not a normal operating condition and is not a single|fault

to entry»> An abnormal operating condition may be introduced by the equipment or by a person anfl may

AC mains supply
low voltage AC power distribution system for supplying power to AC equipment

3.100.3
DC mains supply
a DC power distribution system, with or without batteries, external to the equipment, for

supp

lying power to DC powered equipment at hazardous energy level (> 240 VA after 60 s)

3.100.4
DC power and distribution equipment
equipment to supply DC power to information and communication technology equipment
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Note 1 to entry: Normally consisting of batteries, power supplies, control and monitoring circuits, and distribution
panels all interconnected to provide isolated secondary circuit power to information and communication technology
equipment loads. Components within this system are normally installed in racks, cabinets, or other structures

3.100.5
DVC B
secondary circuit which stays in certain voltage limits under normal and fault conditions

Note 1 to entry: Refer to Table 5.

3.100.6

Note 1 to entry:  Any reference to electric strength tests made within this document refers to both an inmpulse
voltage test and an AC and DC voltage test.

Note 2 to entry: An AC and DC voltage test can be used alternatively to.@an“impulse voltage test as descriped in

AC dutput which is either directly connected or viasEMC filtering components, AC switches or

3.100.9

equipment that is either

— 1B kg or less in mass and notifixed in place, or

— provided with wheels, casters, or other means to facilitate movement by an ordjnary
person as required to perform its intended use

3.100.10
operptor

any person, othé€r than a service person

3.100.12

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

3.100.13
stand-alone switch-mode power supply
switch mode power supply (SMPS) that in itself is an end use product
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3.100.14
stationary equipment
— fixed equipment, or

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

Note 1 to entry: Stationary equipment is neither movable equipment nor transportable equipment.

3.100.15
switch-mode power supply
SMPS

an electrical or electronic device, Incorporating a switching regulator to efficiently co
electfical power, transforming electrical power into single or multiple power outputs

Note 1 to entry: It may also isolate, regulate and/or convert the power. This may consist of one or(more indi
SMPS with associated circuitry and hardware.

3.100.16

component SMPS

swit¢ch mode power supply (SMPS) which may not comply with some-of the requiremer
the sfandard such as enclosure requirements

Note 1 to entry: This type of SMPS is intended for incorporation within @n &nd product, which in turn co
with all the requirements of the end product standard.

3.100.17
trangportable equipment
equipment that is intended to be routinely carried

4 Protection against hazards
The provisions of Clause 4 of IEC 6247721:2012 apply, except as follows.

4.1 General

Replacement:

Clauge 4 defines the minimum requirements for the design and construction of a SMP
ensufe its safety during installation, normal operating conditions and maintenance fo

hvert

vidual

ts of

nplies

S, to
r the

expepted lifetime of-the SMPS. Consideration is also given to minimising hazards resdlting

from|reasonably, foreseeable misuse.

Protgction*against hazards shall be maintained under normal and single fault condition
spec|fied\in this document.

Components compliant with a relevant IEC product standard which provides similar safety

requirements as the requirement of this document do not require separate evaluation.

Components or assemblies of components, for which no relevant product standard exists,

shall be tested according to the requirements of this document.

Where the SMPS is intended to be used together with specific auxiliary equipment, the safety

evaluation and test shall include this auxiliary equipment unless it can be shown that it
not affect the safety of either equipment.

does
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Addition:

4.1.100 Constructions not specifically covered

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

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

4.1.104—Orientation-during-transport-and-use
4.1.101.1 General

Whefe it is clear that the orientation of the equipment is likely to have a significant effeft on
the gpplication 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:.

4.1.101.2 Choice of criteria

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

4.1.101.3 Conductive liquids

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

4.2 Fault and abnormal conditions

Replacement:

The BMPS shall be designed to avoid operating modes or sequences that can cause a|fault
condjtion or component failurelleading to a hazard, unless other measures to prevent the
hazafd are provided by the jinstallation and are described in the installation informjation
provided with the SMPS, The requirements in this clause also apply to abnormal opergting
condjtions as applicablé;

Circdit analysis_or -testing shall be performed to determine whether or not failure [of a
partigular companent (including insulation systems) would result into hazard.

This jJanalysis shall include situations where a failure of the component or any insulation pther
than |[double or reinforced insulation would result in

— an impact on the decisive voltage classification voltage limits (Table 5),

— a risk of electric shock due to an impact on any of the methods for protection against
electric shock according to 4.4,

— arisk of energy hazard according to 4.5,

— arisk of degradation due to emission of flame, burning particles or molten metal of the fire
according to 4.6,

— arisk of thermal hazard due to high temperature according to 4.6, and

— arisk of mechanical hazard according to 4.7.

The effects of short circuit and open-circuit conditions of the component or between
components or between printed wiring board (PWB) traces shall be considered. Testing is

necessary unless analysis can conclusively show that no hazard will result in case of the
these failure modes. Compliance shall be checked by investigation or test of 5.2.4.6.
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The evaluation of components shall be based on the expected stress occurring in the
expected lifetime of the SMPS including, but not limited to

specified climatic and mechanical conditions according to 4.9 (temperature, hum
vibration, etc.),

idity,

electrical characteristics according to 4.4.7 (expected impulse voltage, working voltage,

temporary overvoltage, etc.), and
micro environment according to 4.4.7 (pollution degree, humidity, etc.).

Components shall meet the requirements of Clause 7.

Cleafance and creepage distances, dimensioned to 4.4.7.4 and 4.4.7.5 and/or solid insulhtion

dimehsioned to 4.4.7.8 for double or reinforced insulation does not need to be faulted.

Functional insulation on PWB and between legs of components assembled. on PWB;:
fulfilllng the requirements for clearance and creepage distance in 4.4.7.4¢and 4.4.7.5
meef the requirement of 4.4.7.7.

Addition:

4.2.100 Application of faults and abnormal conditions

A single fault consists of a single failure of any insulation\(excluding double insulatid
reinforced insulation) or a single failure of any component (excluding components
double insulation or reinforced insulation).

The gquipment construction, circuit diagrams, camponent specifications, including funct
ation are examined to determine those single fault conditions that might reasopably
be expected. In particular:

insu

[

nort-circuits and open circuits of semiconductor devices and capacitors;

—h

aults causing continuous dissipation in resistors designed for intermittent dissipation;

nternal faults in integrated cifcuits causing excessive dissipation;

—h

qilure of functional or basic insulation, where this might affect
e| accessible conduetive parts;

¢| earthed conductive screens;

e| parts of DVC As circuits;

e| parts of\limited current circuits described in clause 4.4.5.102.

bnsidered, as applicable:

b not
shall

bn or
with

onal

5 a _minimum, the following examples of abnormal operating conditions shall be

o _for equipment with controls accessible to an user, adjustment of the controls

both

individually and collectively, for worst-case operating conditions;
e applicable testing as indicated in Table 22;
fault conditions as described in IEC 60990:1999, 6.2.2.
any other faults or conditions that might affect the safety of the power supply.
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4.3 Short circuit and overload protection
4.3.1 General

The SMPS shall not present a hazard, under short circuit or overload conditions at any port,
including phase to phase, phase to earth and phase to neutral. Adequate information shall be
provided in the documentation to allow proper selection of external wiring and protective
devices (see 6.3.7.6 and 6.3.7.7).

Protective systems or devices shall be provided or specified in sufficient quantity and location
so as to detect and to interrupt or limit the current flowing in any possible fault current path

b t <l 4 £ <l 4 4 Ll
e W.’CII CUTITUUULLUTO UT TTUTTT LUTTUUULLUT O tU Tdrilrt.

NOTE| 1 In this standard, the term overcurrent covers both short circuit and overload. Q/\

NOTE| 2 Local installation codes will still usually require provision of such protection forhﬁ@ purpoges of
protedting the input wiring in the installation.

Protgction against overcurrents shall be provided for all input circuits, rﬁfor output cifcuits
that ¢lo not comply with the requirements for limited power sources in @5

If th¢ SMPS complies with all normal, abnormal and fault test(b'a\nditions in this standard
withqut such protection provided, provision or specification o&gl,ercurrent protection for jnput
circujts is not necessary for the protection of the SMPS. s\\

No pfotection is required against overcurrent to earthé@quipment that either

- hEs no connection to earth; or \Q
— hlas double insulation or reinforced insulatio%\‘g'etween live parts and all parts connectgd to

earth. \‘Q@

NOTE| 3 Under a single fault condition in an IT s.)@em no short circuit current or a limited short circuit currgnt will
flow. [The interruption of the short circuit curr@ in an IT system (see 4.4.7.1.4) is done when a second fault
occur$. Typically only detection is done after the first fault in an IT system.

O
NOTE|4 Where double insulation or rq’é‘}rced insulation is provided, a short circuit to earth would be cons|dered
to be jwo faults. .\\()

For pluggable equipment type A, the protective device is provided in the installation and |shall
not require any specifi@héracteristics other than that required in IEC 60364 or other |local
instaflation codes. ()

ment type B or fixed installed equipment, this protection may be proyided
nal to the equipment, in which case the installation instructions shall statp the
otection to be provided in the installation and shall include the specifications
ed short circuit and/or overload protection (see 6.3.7).

For pluggable

NOTE™5 TEC 60364 provides requirements for short circuit and overload protection of the input wiring In the
installation.The above requirement ensures that the user is informed about any special characteristics of the
protective devices for the protection of the SMPS, in addition to the requirements in IEC 60364 or other local
installation codes.

If a protective device interrupts the neutral conductor, it shall also simultaneously interrupt all
other supply conductors of the same circuit. It is permissible for the protective device to
interrupt the neutral conductor after the other supply conductors of the same circuit.

Compliance shall be checked by inspection and where necessary, by simulation of single fault
conditions (see 4.2) and by the tests of 5.2.4.4 and 5.2.4.5.
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4.3.2 Specification of input short-circuit withstand strength and output short circuit
current ability

4.3.2.1 General

The interrupting capability of the overcurrent protective device shall be equal or greater than
the prospective short circuit current of the mains supply.

For pluggable equipment type A, either the SMPS shall be designed so that the building
installation provides short circuit backup protection, or additional short circuit backup
protection shall be provided as part of the equipment.

For germanently connected equipment or pluggable equipment type B, it is permitted_\fg}s short
circuft backup protection to be in the building installation. Q/
NO

4.3.24.2 Input ports short-circuit withstand strength Q

The |nput prospective short circuit current ratings apply to ports intend d:\o be connectged to
battgry circuits, external mains supply, non-mains a.c. or d.c. sourceQ d to other porgs for
which overcurrent protection is necessary. N

For [co-ordination and selection of internal or external Q/@ﬁective devices, the §MPS
manyfacturer shall specify: s\\

— a maximum allowable prospective short circuit curQanor each input port of the SMPS;

and Q

— @ minimum required prospective short circuit GQ(%nt in order to ensure proper operatipn of
the protective device 5\0

NOTE|1 This requirement is especially applicable tg\‘@%s, which are not specified to be operated below a dertain
fault qurrent value. $

NOTE| 2 The maximum allowable and minirrl?@required prospective short circuit current are used to engure a
propef coordination between the prospectiv&s ort circuit current and a suitable protective device at the locafion of
the elgctrical installation.

If exjernal protective devicxﬁ}‘&é specified or provided the characteristics of those shgll be
specffied by the manufacture

.

See $.2 for marking. O®

4.3.23 Ou @s’hort circuit current ability

The putpu rt circuit current ratings appliy to a.c. and d.c. power output ports and to pther
portd for which overcurrent protection is necessary.

For all_output ports, short circuit evaluation to determine the minimum and maximum output
short circuit current shall be performed according to 5.2.4.4 and the output short circuit
current available from the SMPS shall be specified as in 5.2.4.4 and 6.2.

Internal electronic output short circuit protection is considered acceptable as an output short
circuit protection device of the SMPS, when compliance is shown by test in 5.2.4.4.

4.3.2.4 Combined input and output ports

For ports which are both input and output ports the applicable requirements of both 4.3.2.1
and 4.3.2.3 apply.
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4.3.3 Short-circuit coordination (backup protection)

Protective devices provided or specified shall have adequate breaking capability to interrupt
the maximum prospective short circuit current specified for the port to which they are
connected.

If internal protection of the SMPS is not rated for the prospective short circuit current, the
installation instructions shall specify an upstream protective device, rated for this prospective
short circuit current of that port, which shall be used to provide backup protection. Analysis
shall ensure the protection coordination between the external and internal protective device.

NOT IEC 60364 provides requirements for upstream protective devices of the backup protection, in the
installption. The above requirement ensures that the user is informed about any special characteristies, pf the
upstrgam protective devices for the backup protection of the SMPS, in addition to the requirements in JEC60864 or
other |ocal installation codes.

Compliance shall be checked by inspection and by the tests of 5.2.4.4 and 5.24.5.

4.3.4 Protection by several devices
Where protective devices that require manual replacement or resetfing are used in more|than

one pole of a supply to a given load, those devices shall be locatédytogether. It is permitted to
combpine two or more protective devices in one component.

Compliance shall be checked by inspection.

4.4 | Protection against electric shock
4.4.1 General

Protgction against electric shock depends @n'the decisive voltage class from 0 and insufation
requirements from 4.4.2.3, and is to be pre@yided by at least one of the following measures:

— bhasic protection from 4.4.3 and fawit protection from 4.4 .4;

— enhanced protection from 4.4,5

Protgction under normal congditions is provided by basic protection, and protection ynder
single fault conditions is provided by fault protection.

Enhgnced protectiopr provides protection under both conditions.

Addifional prot€é&tion can be provided by residual current-operated protective devices (HCD).
For further information, see 4.4.8.

NOTE| o this standard, 4.4.1 to 4.4.6 have been harmonized with the concepts of the horizontal stgndard
IEC 6] 140" for protection against electrical shock. Basic protection, fault protection, enhanced protection apd the
combination of those measures has been implemented.

4.4.2 Decisive voltage class
4.4.2.1 General

Replacement:

No access protection is required if under normal operation and under single fault condition
the DVC As limits, derived from Table 5, are not exceeded in this document. Values of DVC B
are not allowed to be touchable by the test finger, except for connectors of telecommunication
circuits. DVC C is not allowed to be touched, and clearance requirements to the test finger do

apply.

NOTE Refer to Table A.4, row 4 for examples on clearance requirements.
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4.4.2.2 Determination of decisive voltage class

4.4.2.2.1 General

The provisions of clause 4.4.2.2.1 of IEC 62477-1:2012 do not apply.

NOTE The considerations related to SMPS regarding their application and environment lead to the conclusion to

only u

se the DVC A voltage levels for dry hand and DVC A2 for water wet environments.

Addition:

44221100  Additional DVC considerations

The

information with the accompanying documentation.

Inpufs/output circuits with rated voltages within the limits of DVC As arg)investigate

DvC
only

SEL
DvcC

NOTE|
single

For ¢
IEC ¢

4.4.2

manufacturer defines the DVC for the individual output circuits and provides

As circuits, except they are differently specified by the manufacturef, (see 6.2.101
ntended to be accessed by a service person.

circuits can be earthed or unearthed.

the

d as
and

/ and PELYV circuits have to be DVC classified in order to apply‘\the proper requiremfents.

SELV and PELYV circuits are covered as DVC As or DVC B depending on working voltage. The maximum
DVC B voltage is limited to the ELV limits as defined in IEC 61140 (same as SELV and PELV) under normfl and
fault condition and is used for example. as interface to SELV/RELV circuits.
etermination of transients of any other externdl circuit, 5.4.2.3.2.4 and Table 14 df the
52368-1:2014 can be used.
.2.1.101 DVC As levels for water'wet locations
ssible parts and DVC As outputstf SMPS designed for usage in water wet locations

Acce
shall

4.4.2

The

4.4.2

Repl

The

comply with reduced voltage levels as defined in Table 5.

.2.2 Selection tables for contact area and skin humidity condition

provisions of 4.4.2.2.2.of IEC 62477-1:2012 do not apply.

2.3 Limits-of-the working voltage for the DVC

hcement:

provisions of clause 4.4.2.2.3 of IEC 62477-1:2012 are replaced by:

Limit
abno

5 for the working vol r rding the DVC for normal ration an ring faul
rmal operation are given in Table 5.

Table 5 of IEC 62477-1:2012 is replaced by Table 5 of this document.

and


https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

- 36 — IEC 61204-7:2016 EXV © IEC 2016

Table 5 — Voltage limits

Limits of working voltage during normal Limits of working voltage during fault and
operation abnormal conditions
\Y \
bvc AC AC DC Limit for Voltage (peak AC or Voltage (peak AC or
voltage voltage voltage overvoltage DC) up to 200 ms®d DC) after 1 000 ms®d
(RMS) (peak) (mean) Upeak
UAC Upeak UDC
As 30/12° 42,4/17° 60/28° 1 500°
120 NOPLP
50 71 120 1 500¢
C all circuits not meeting N/A N/A
DVC As or DVC B
@ Uinear interpolation is allowed between 200 ms and 1 000 ms.

elevant normal operation limit (NOPL), as described in this table, corresponding to the appropriate vo
pe.

imits for water wet location applications.
ingle pulses relate to DC voltage limits and repetitive pulses relate to AC voltage-limits.
laximum transients with the 1,2/50 us impulse characteristic.

E DVC A1 and A3 limits are not used.

tage

For t

4.4.2.

Repl
The

User

enhdnced protection outlined in 4.4.5.

The

Tabl¢ 6 unless other insulation means are provided, in which case failure analysis and t¢

shall

psting, see 5.2.4.

3 Requirements for protection against electric shock

hcement:
provisions of clause 4.4.2.3 of IEC 62477-1:2012 are replaced by:

and service persons shall be “protected against electric shock by the method

requirement of this document for protection against electric shock to be provide

show that the reqgirements of 4.1 and 4.4 are met.

U

5 for

d by
sting
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Table 6 — Separation requirements for circuit under consideration

To operator To PE and
accessible To service conductive
Circuit under parts and To service accessible arts
. L e parts not accessible X Pa DVC As DvC B bvc C
consideration reliabl arts parts in reliably
connectst’ad P RAL connected
to PE? to PE
DVC As NoneP NoneP NoneP NoneP Noneb-¢ PS PS
DVC B ssd SS NoneP NoneP Noneb-¢ PS
PDMG-C pcd RS RS SS N :,eb,c

NOTE This table describes the separation requirements between different galvanically separated circuits:

SS: Bimple separation
PS: Protective separation
a8  Hor example. functionally earthed.
b Hrotection is not necessary for safety, but may be required for functional reasons according to 4.4.7.3.| For
VC As circuits located in different environments, SS shall be used.
¢ HS is needed, if a single insulation fault between circuits leads to a violation, of/the individual circuits [DVC
dlassification.
4 4S to tip of test finger and PS to enclosure contact point of test finger. See)row 4 of Table A.4.
¢ Hor water-wet environmental conditions, DVC As circuits for dry environment (higher limits of Table 5) and
OVC B are to be read as DVC C circuits (in this table only) to determine the separation requirements.
NOTE Refer to Annex AD for further explanation.
4.4.3 Provision for basic protection
4.4.31 General
Replacement:
Basi¢ protection is employed to establish a first level of protection to prevent persons |from
touching hazardous-live-parts,
It shall be provided by means of basic insulation of live parts in 4.4.3.2.
NOTE| 1 Basic protection_itself is considered insufficient for protection of users, as basic protection cpn be
damaged or faulted.
NOTE|2 Refer to{Annex AD for further explanation.
4.4.3.2 Protection by means of basic insulation of live parts
Replacement:

Basic insulation may be provided by solid insulation or air clearance.

The insulation shall be rated according to the impulse voltage, temporary overvoltage or
working voltage (see 4.4.7.2.1), whichever gives the most severe requirement. It shall not be
possible to remove the insulation without the use of a tool or key.

An accessible conductive part is considered to be conductive if its surface is bare or is
covered by an insulating layer that does not comply with the requirements of at least basic
insulation.

Basic insulation has to be provided as required by Table 6.



https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

- 38 - IEC 61204-7:2016 EXV © IEC 2016

The basic insulation shall be designed and tested to withstand the impulse voltages and
temporary overvoltages for the circuits to which they are connected. See 5.2.3.2 and 5.2.3.4
for tests.

Clause A.7 provides examples of the use of elements of protective measures.

4.4.3.3 Protection by means of enclosures or barriers

Replacement:

Referta clause 4 4 5 100

4.4.3.4 Protection by means of limitation of touch current and charge

Replacement:
Refef to clause 4.4.5.102 or 4.4.5.103 as relevant.

4.4.3.5 Protection by means of limited voltages

The provisions of clause 4.4.3.5 of IEC 62477-1:2012 do not apply.

NOTE| Requirements regarding limited voltages are located in 4.4.5.101

4.4.:] Provision for fault protection
1

4.4, General

Replacement:

Faulf protection is employed to establistr;a second level of protection to prevent persons|from
touching hazardous-live-parts. Faulti\protection requires basic protection first and shdll be
provided in addition by one or more'of the following measures:

a) protective equipotential bending in 4.4.4.2 in combinations with the PE conductpr in
4.4.4.3;
b) aptomatic disconnection of supply in 4.4.4.4;
c) s
e

d)

upplementaryinsulation in 4.4.4.5;

ectrically protective screening in 4.4.4.7.

Addition:

4.4.4|.1.100 Additional measures for protection

In addition to the measures outlined in 4.4.4.1, it can be necessary in an electrical circuitry to
provide additional measures to prevent from a risk of electric shock resulting from single fault
or abnormal operating condition as investigated according to 4.2.

These additional measures, consisting of components or insulation, shall be carefully selected
to ensure operation over the product lifetime.

NOTE 1 An example would be voltages on the secondary side of an isolating transformer in a SMPS, which
exceed the voltage limits of DVC As, but additional components in the secondary side ensure that the output
voltage of the SMPS meets the limits of DVC As under normal and fault conditions.

NOTE 2 Functional safety according to IEC 61508 (all parts) or IEC 60730-1 can be used to achieve an
acceptable level of safety by means of electronics (e.g. integrated circuits, ASICs, FPGAs) with or without
software. However, this document does not provide any guidance on selection of an acceptable risk level. A SMPS
can be also investigated according to this document by disabling or extensive simulation of faults on such safety
means.
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Two output circuits have to be separated by protective separation, if fault testing of
combinations of circuits, according to 4.2, leads to an excess of the relevant circuit limits.

4.4.4.2 Protective equipotential bonding
4.4.4.21 General

Protective equipotential bonding shall be provided between accessible conductive parts of the
equipment and the means of connection for the PE conductor, except:

a) accessible conductive parts that are protected by one of the measures in 4.4.6.4; or
b)

hen accessible conductive paris are separated from Jive parts using double or reinfgrced
insulation.

Elecfrical contact to the means of connection of the PE conductor shall be achiew@gﬁy ope or
morg of the following means: Q

— thfough direct metallic contact; /\ .

7/
— through other accessible conductive parts or other metallic con@ﬁents which arg¢ not
reimoved when the SMPS is used as intended; N

— thfough a dedicated protective equipotential bonding conducto)r(..O
When painted surfaces (in particular powder painted surfac re joined together, maskihg of
paint, paint piercing methods or a separate connectionéhall be made to ensure reliable

contgct. Q
QO

Whefte electrical equipment is mounted on lidsyndoors, or cover plates, continuity of the
protdctive equipotential bonding circuit shalli\‘ae ensured by a dedicated conductgr or
equiyalent means complying with the requir@ments for protective equipotential bondifg. If
fasteners, hinges or sliding contacts do n rovide and guarantee low enough impeddnce,
suffigient parallel bonding is required.

N
Elecfrical connections of protectiv€yequipotential bonding circuit shall be designed so| that
contact pressure is not transmitted through insulating material, unless there is sufficient
resilipnce in the metallic part\%‘io compensate for any possible shrinkage or distortion df the
insulpting material.

Unle$s specified by t %anufacturer and in compliance with 4.4.4.2.2 metal ducts of fldxible
or rigid constructio d metallic cable sheaths shall not be used as protective equipot¢ntial
bonding means. ertheless, such metal ducts and the metal sheathing of all connejcting
cablgs (for e&g cable armouring, lead sheath) shall be connected to the protdctive

equip)otentié@)nding circuit.
The p Qggﬁve equipotential bonding circuit shall not incorporate a component such as spitch
or ovwmmm%w—' : - —

The electrical connection points of the protective equipotential bonding shall be corrosion-
resistant.

Figure 4 shows an example of a SMPS assembly and its associated protective equipotential
bonding.


https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

—40 -

Subsystem 2 Subsystem n Door

Subsystem 1

IEC 61204-7:2016 EXV © IEC 2016

5
! 1 1 s 3 2
S 6
6 & 6 4 AN V' /\ .l//
-~ » %
/ o
_| ] 8 i o) <£\k5 |
3 Q/ R
2 O
s\o\\ IEC 120$/12
Key (%)
1 protective equipotential bonding of subsyste ’& r SMPS PE conductor (dimensioned according to [SMPS
flequirements) @g
2 protective equipotential bonding A\
3 PE conductor (dimensioned accordir@ SMPS requirements) to installation earthing point
4 barth bar \{~
W
5 inge C)
6 PE conductor to the load, *.
EE ther electrical equip, (bonded as relevant for that equipment)
C)Figure 4 — Example of a SMPS assembly and its
Q_@ associated protective equipotential bonding

Figufe ﬁws an example of a SMPS assembly and its associated protective equipoté¢ntial
bonaji é)ough direct metallic contact.
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Subsystem 1 Subsystem 2 Subsystem n Door

EE

IEC 1209/12

Key (%)

protective equipotential bonding of subsyste@&ugh direct metallic contact (paint removed)
protective equipotential bonding . Q)

PE conductor (dimensioned according to~SMPS requirements) to installation earthing point
barth bar >

inge N C\){‘

N\
PE conductor to the load C)

~N O O A WN -

hetal subplate $
EE ther electrical equi t (bonded as relevant for that equipment)

+ Figure 5 — Example of a SMPS assembly and its
OQ~ associated protective equipotential bonding

4.4.j.2.2C)$Rating of protective equipotential bonding

Prot

V7= nr;uli’nnfnnfinl hnnding shall either he:

a) sized in accordance with the requirements for the PE conductor in 4.4.4.3 and the means
of connection for the PE conductor in 4.4.4.3.2 to ensure no voltage drop exceeding the
values from 4.4.2.2.3 during a fault; or

b) sized

e to withstand the highest stresses that can occur to the SMPS item(s) concerned when
they are subjected to a fault connecting to accessible conductive parts; and

e to remain effective for as long as a fault to the accessible conductive parts persists or
until an upstream protective device removes power from the part; and

e to ensure no voltage drop exceeding the values from 4.4.2.2.3 during normal operation
and during a fault.

Compliance shall be checked with the type tests in 5.2.3.11.
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4.4.4.3 PE conductor
4.4.4.3.1 General

A PE conductor shall be connected at all times when power is supplied to the SMPS, unless
the SMPS complies with the requirements of protective class Il (see 4.4.6.3) or protective
class Ill. Unless local wiring regulations state otherwise, the PE conductor cross-sectional
area shall be determined from Table 7 or by calculation according to 543.1 of IEC 60364-5-
54:2011.

If the PE conductor is routed through a

plug and socket, or similar means of disconnection, it

shallpretbe—possibtetodisconnee e BOWe rHHeeousty oved—fro part to
be protected. !A
Table 7 — PE conductor cross-section® ('OQ/
N
Cross-sectional area of phase conductors Minimum cross-sectional area o@\e)correspon Hing
of the SMPS § PE conducto'KS"o
’
mm? m
.
§<16 6\&'
16 < S <35 C) 16
S/2
35<8§ , \Q/

hese values are valid only if the PE conductor is made of the @‘le material as the phase conductdrs.In
pse of different materials the cross-sectional area of the PE_conductor shall be determined in a mgnner
hich produces a conductance equivalent to that which res/u\i@ m the application of this table.

X
N
The gross-sectional area of every PE conductok@at does not form part of the supply caljle or
cablg enclosure shall, in any case, be not Ie\%ﬁhan:

b

— 2,5 mm?2 if mechanical protection is vided; or

=9 -

— 4 mm?2 if mechanical protection is-ot provided.

Prov|sions within cord-connected;é'quipment shall be made so that the PE conductor ip the
cord|shall, in the case of failee’ of the strain-relief mechanism, be the last conductor {o be
interfupted.

For dpecial system toQB%gies, the SMPS designer shall verify the PE conductor cross-selction
required.

-

&ns of connection for the PE conductor

SMPES shalhhave a means of connection for the PE conductor, located near the terminals for
the rgspective live conductors. The means of connection shall be corrosion-resistant and|shall
’ 2 ance
with the wiring rules applicable at the installation. The means of connection for the PE
conductor shall not be used as a part of the mechanical assembly of the equipment or for
other connections. Connection and bonding points shall be designed so that their current-
carrying capacity is not impaired by mechanical, chemical, or electrochemical influences.

Where enclosures and/or conductors of aluminium or aluminium alloys are used, particular
attention should be given to the problems of electrolytic corrosion.

Compliance shall be checked by inspection.
Annex K provides further information about electrochemical corrosion.

See 6.3.7.3.2 for marking requirements.
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The marking shall not be placed on or fixed by screws, washers or other parts which might be
removed when conductors are being connected.

4.4.43.3 Requirements for reliable earthing

NOTE The header of this subclause has been changed for easier understanding.

The requirements of this subclause shall be satisfied to prevent accessible conductive parts
to become dangerous in case of damage to or disconnection of the PE conductor.

For pluggable type A equipment, the touch current shall not exceed the limits specified in

4.4.34
N\

Il other SMPS, one or more of the following measures shall be applied, unlesgke
nt can be shown to be less than the limits specified in 4.4.3.4: '\@

>

For g fouch

currg

a) Use of a fixed connection and
e | a cross-section of the PE conductor of at least 10 mmZ2 Cu or 16 Sl Al; or
e | automatic disconnection of the supply in case of discontinuit ((t%he PE conductor} or
° provision of an additional terminal for a second PE coﬁauctor of the same cfoss-
sectional area as the original PE conductor,
&
or S
b) Use of a pluggable type B connection with a r? um PE conductor cross-secti¢gn of
2[5 mm? as part of a multi-conductor power cabl dequate strain relief shall be prov{ded.

For marking requirements, see 6.3.7.4. ‘\0

bliance is checked by inspection and %?est of 5.2.3.7.
.\@

For ¢quipment which may be ener ized from multiple sources of supply, the touch cyrrent
limitd above apply in all possiblé&lintended installation configurations and combinatiofps of
sour¢es that may be energized\at the same time, unless one of the measures in a) pr b)
abov is used. C)\\

llowed to interconnect two or more SMPS using one commo

Com

Whe n PE

condyctor, the aboy,

1 it is intended a@

PS to
mum
pation

uch current requirements apply to the maximum number of SMH
less one of the measures in a) or b) above is used. The maxi
ected SMPS is used in the testing and has to be stated in the install

be injterconnected,
nummer of inter. ¢
manual. O

44.

AQ/CA tomatic disconnection of supply

For autormaticdisconmection of suppty:

a protective equipotential bonding system shall be provided; and

a protective device operated by the fault current shall disconnect one or more of the line
conductors supplying the equipment, system or installation, in case of a failure of basic
insulation.

The protective device shall interrupt the fault current within a time as specified in Figure 1,
Figure 2 or Figure 3 in 4.4.2.2.3 of 62477-1:2012.

4.4.4.5 Supplementary insulation

Supplementary insulation is an independent insulation applied in addition to basic insulation
for fault protection and shall be dimensioned to withstand the same stresses as specified for
basic insulation.
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Addition:

4.4.4

.5.100 Provision of supplementary insulation

Supplementary insulation has to be provided as required by Table 6.

4.4.4

.6 Simple separation between circuits

Simple separation between a circuit and other circuits or earth shall be achieved by basic
insulation throughout, rated for the highest voltage present.

If arn
withg

If an
impe
valug

4.4.4.7 Electrically protective screening

Elect
cons
wher

The
the S

4.4.5 Enhanced protection
4.4.5.

Repl
The

Enhg

y component is connected between the separated circuits, that component
tand the electric stresses specified for the insulation which it bridges.

y component is connected between a circuit and a circuit connected\to earth
dance shall limit the current flow through the component to the steady-state touch cy
s indicated in 4.4.3.4.

rically protective screening interposed between hazardoys live parts of a SMPS,
st of a conductive screen connected to the protective equipotential bonding of the S
eby the screen is separated from live parts by at least siniple separation.

brotective screen and the connection to the protegtive equipotential bonding systq
MPS and that interconnection shall comply withthe requirements of 4.4.4.2.

1 General

hcement:
provisions of 4.4.5.1 of IEC62477-1:2012 are replaced by:

nced protection is generally acceptable to protect the user or service person. It con

shall

, its
rrent

shall
MPS

m of

sists
two

one

of twjo levels of protection, or one reinforced level of protection considered equivalent tg
levelg of protection, to prevent persons from touching hazardous-live-parts.
Enhgnced protection is achieved by:
— pfotection-by prevention of access, as described in 4.4.5.100; or
— pfoteetion by protective separation between circuits in 4.4.5.3, together with at leas
of the’following measures for:
a) limitation of voltage, as described in 4.4.5.101;
b) limitation of current, as described in 4.4.5.102;
c) limitation of energy or charge, as described in 4.4.5.1083;
d) protective impedance, as described in 4.4.5.4.
Additional protection as described in 4.4.4.1.100 might be necessary to comply with these
measures.
NOTE Refer to Annex AD for further explanation.
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4.4.5.2 Reinforced insulation

Reinforced insulation shall be so designed as to be able to withstand electric, thermal,
mechanical and environmental stresses with the same reliability of protection as provided by
double insulation (basic insulation and supplementary insulation, see 4.4.3.2 and 4.4.4.5).

4.4.5.3 Protective separation between circuits

Protective separation between a circuit and other circuits shall be achieved by one of the
following means:

=

pinforced insulation in 4.4.5.2;

D

ectrically protective screening in 4.4.4.7;

— alcombination of these provisions.

If copductors of the separated circuit are contained together with conductars of other cifcuits
in a|multi-conductor cable or in another grouping of conductors, they shall be insulpted,
indivldually or collectively, for the highest voltage present, so that double insulation is
achigved.

If any component is connected between the separated circuit§s that component shall cdmply
with the requirements for protective impedance devices (seg. 4.4.5.4)

4.4.54 Protection by means of protective impedance

Protgctive impedance shall be arranged so that udder both normal and single fault condijtions
the current and discharge energy available shall*be limited according to 4.4.3.4.

The protective impedances shall be designed and tested to withstand the impulse volfages
and femporary overvoltages for the cifCuits to which they are connected. See 5.2.3.2 and
5.2.3.4 for tests.

Compliance with the requiremént for the limitation of touch current is checked by test of
5.2.3.6.

Compliance with the yequirement for the discharge energy shall be checked by performing
calcylations and/or meeasurements to determine the voltage and capacitance.

NOTE| A protectfveximpedance designed according to this subclause is not considered to be a gdqvanic
connegtion.

Addition:

4.4.5.100 Protection by prevention of access
Operator access to parts or circuits other than DVC As shall be:
— arranged in enclosures or located behind enclosures or barriers, which meet at least the

requirements of the protective type IPXXB according to Clause 7 of IEC 60529:1989;

— located under top surfaces of enclosures or barriers which are accessible when the
equipment is energized fulfilling the test with the IP3X test probe of 5.2.2.2.

For moveable equipment with no defined top and bottom the test with the IP3X test probe of
5.2.2.2 applies to all sides.

If the SMPS is installed in a restricted access area, IPXXB instead of the test with the IP3X
test probe of 5.2.2.2 applies.
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Compliance is shown by test of 5.2.2.2.

It shall only be possible to open enclosures or remove barriers:

— with the use of a tool or key; or
— after de-energization of parts or circuits other than DVC As.

Where the enclosure is required to be opened and the SMPS energized during installation or

maintenance:

a) parts or circuits other than DVC As shall be protected by at least IPXXA; and

b)

n T

hall be protected by at least IPXXB; and

t| shall be ensured that persons are aware that parts or circuits other thanDVC Aj
afcessible.

c)

Protgction of a service person in restricted access areas can be alternatively achieved

a) 1means of basic insulation of live parts in 4.4.3.2 or below methods of b) and c);

b) prevention of contact parts or circuits other than DVC As or DVYC B and

c) prevention of unintentional contact by usage of warning markings for non-ob
hazards (e.g. discharge of capacitors).

For marking requirements, see 6.3.7.1.

Enclpsures of protective class | products have to meet 4.4.6.2 and enclosure
protective class Il products have to meet 4.4.6.3.

4.4.5.101 Protection by limitation of voltage

Opefator access is only allowed to parts/circuitry or simultaneously accessible parts/cirg
of OVC As except for connectors® with DVC B for telecommunication circuits
4.4.21.1).Within this document a DVC"As represents a safe to touch circuit, as it has to mg

a) protective separation requitements as outlined in 4.4.5; and

brts or circuits other than DVC As that are likely to be touched when making adjustnl\ents

6 are

by:

ious

s of

uitry
(see
et:

b) vpltage limits according.to Table 5, during normal and fault conditions, with consideraltions

cording to 4.2 and:testing to 5.2.4.

Servjce person access is allowed to parts/circuitry or simultaneously accessible (
circujtry up to vgltages at DVC B.

The DVC B-circuit has to meet:

arts/

a) pretéective separation requirements as outlined in 4.4.5; and

b) voltage limits according to 4.4.2.2.3 Table 5, during normal and fault conditions,
considerations according to 4.2 and testing to 5.2.4.

4.4.5.102 Protection by limitation of current

with

Access to parts able to deliver currents over the limits of Table 100 shall be prevented under
normal, fault and abnormal operation, except for conductive parts reliably connected to PE

according to 4.4.4.3.3, if they are marked as described in 6.3.7.4.
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Table 100 — Limits for access of current

Frequency range Normal operation limit®P Fault condition limit®P
Direct current 2 mA 10 mA
Up to 1 kHz 0,5 mA RMS or 0,7 mA peak 3,5 mA RMS or 5 mA peak
1 kHz up to 100 kHz 0,5 mA RMS. x frequency in kHz or 3,5 mA RMS + 0,95 x frequency in kHz or
0,7 mA peak. x frequency in kHz 5 mA peak + 0,95 x frequency in kHz
Above 100 kHz 50 mA RMS or 70 mA peak 100 mA RMSA or 140 mA peak

a8 For non-sinusoidal waveforms, the peak values apply and the current is measured using the measuring
network specified in Figure 4 of IEC 60990:1999, for currents up to 2 mA, or Figure 5 of IEC 60990:1999, for
durrents above.

b Hor sinusoidal waveforms and DC, the RMS values apply and the current may be measured using-a.2 0p0 Q
resistor.

The ¢urrents are measured according to 5.2.3.7 and 5.2.3.7.100.
When protective impedances are used to bridge any insulation 4.4.5.4 and 4.4.7.1.7 applies.

4.4.5103 Protection by limitation of energy or charge

The limitation of energy or charge has to be investigated in unldaded condition.

Operator access to parts at an energy above 0,5 mJ{shall be prevented under normal and
undefr fault and abnormal operation. Additionally, thetrequirements for capacitor discharge of
4.4.9 and access with test finger to hazardous energy level of 4.5.1.1 apply.

NOTE|/1 Voltage limits at a certain capacitance can be.calculated over the formula U = 2\/%

Servjce persons shall not have access'to a stored charge above 50 uC, with the exception
that there is no energy limit in restricted access areas, if the preventions of 4.4.5.100 are
used

NOTE|2 Voltage limits at a certain-capacitance can be calculated over the formula U = %.

4.4.6 Protective measures

4.4.6.1 General

NOTE| Refer to Annex AD for further explanation.

That|part.ofa SMPS which meets the requirements of 4.4.6.2 is defined as protective clags I.

That parf of a2 SMPS which mogots tho rnqllirnmanfc of 4 4 68 3 is defined as prnfnr\fi\/n class ||.

That part of a SMPS which meets the requirements of 4.4.6.4 is defined as protective class
1.

Compliance shall be checked by satisfying the requirements for protective class I, class Il or
class Ill.

A.7 provides Examples of the use of elements of protective measures.

Equipment of protective class I, Il and Il shall be marked according to 6.3.7.3.


https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

- 48 — IEC 61204-7:2016 EXV © IEC 2016

4.4.6.2 Protective measures for protective class | equipment
Protective class | equipment shall meet the requirements for:

— basic protection in 4.4.3; and

— fault protection in 4.4.4.2 and 4.4.4.3 with respect to equipotential bonding and PE
conductor.

4.4.6.3 Protective measures for protective class Il equipment

Replacement:

Protgctive class Il equipment shall meet the requirements for enhanced protection accofding
to 4.4.5.

Protgctive class Il equipment shall not have means of connection for the PE(¢conhductor.| This
does| not apply if a PE conductor is passed through the equipment to-equipment sgries
conngcted beyond it.

In the latter case, the PE conductor and its means for connection shall’be separated from

ccessible surface of the equipment, and

QD

O

rcuits which employ protective separation

with gt least basic insulation designed according to the\tated voltage of the series-conng¢cted
equipment.

Equipment of protective class |l may have provision for the connection of an earthing
condtrctor for functional reasons or for théZdamping of overvoltages. In this case| the
functional earthing conductor shall meet the same separation requirements like a DVC As
circuljt.

Equipment of protective class Il shalhbe marked according to 6.3.7.3.3.

Compliance is checked by inspection.

4.4.6.4 Protective measures for protective class Ill equipment or circuits
4.4.6.41 General

Protgctive me@stres shall be achieved by protective separation by one of the follqwing
means:

- sichinsulation and supplementary insulation (double insulation) according to 4.4.3.2 and
AKX 5.

reinforced insulation according to 4.4.5.2;

electrically protective screening and simple separation according to 4.4.4.7; or

— acombination of these provisions;
used in combination with one of the following means:

— protective impedance according to 4.4.5.4 comprising limitation of discharge energy and
of current; or

— limitation of voltage according to 4.4.3.5.

The protective separation shall be fully and effectively maintained under all conditions of
intended use of the SMPS.
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4.4.6.4.2 Connection to PELV and SELYV circuits

Replacement:

External PELV or SELV circuits have to be classified to a DVC, as defined in Table 5, for the
investigation and treated according to their DVC classification.

NOTE SELV/PELV are usually considered DVC B.

4.4.7 Insulation

4.4.7-+—General

4.4.7.1.1 Influencing factors

This
IEC

Man

Insu

—

Veriflcation of insulation shall be made gceording to 5.2.2.1, 5.2.3.2, 5.2.3.4, and 5.2.3.5.

4.4.7.1.2 Pollution degree

Insu

P
— gvervoltage category;
S

subclause gives minimum requirements for insulation, based on the principlg
$0664.

yifacturing tolerances shall be taken into account for the requirements/in 4.4.7.

ation shall be selected after consideration of the following influehces:

ollution degree;

Lpply system earthing;
mpulse withstand voltage, temporary overvoltage€ and working voltage;
¢cation of insulation;

pe of insulation.

ation, especially when previded by clearances and creepage distances, is affectd

s of

d by

pollufion which occurs durihg the expected lifetime of the SMPS. The micro-environmjental

condjtions for insulation shall be applied according to Table 8.

Table 8 — Definitions of pollution degrees

Pollution Description
del;ree P

[1 No pollution or only dry, non-conductive pollution occurs. The pollution has no influence.

D Normally, only non-conductive pollution occurs. Occasionally, however, a temporary conductiyity
Ccaused by condensation 1s 10 be expected.

3 Conductive pollution or dry non-conductive pollution occurs which becomes conductive due to
condensation which is to be expected.

4 The pollution generates persistent conductivity caused, for example by conductive dust or rain or
snow.

The pollution degree shall be determined according to the environmental condition for which
the product is specified. See Table 18 for selection of pollution degree according to
environmental classification of the installation.

The insulation may be determined according to pollution degree 2 if one of the following
applies:
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a) instructions are provided with the SMPS indicating that it shall be installed in a pollution
degree 2 environment; or

b) the specific installation application of the SMPS is known to be a pollution degree 2
environment; or

c) the SMPS enclosure or coatings applied within the SMPS according to 4.4.7.8.4.2 or
4.4.7.8.6 provide adequate protection against what is expected in pollution degree 3 and 4
(conductive pollution and condensation).

The SMPS manufacturer shall state in the documentation the pollution degree for which the
SMPS has been designed.

If operation in a pollution degree 4 environment is required, protection against c n&uctive
pollufion shall be provided by means of a suitable enclosure. é‘

NOTE|1 See Annex B for further information about the reduction of pollution degree. Q'\

NOTE| 2 The dimensions for creepage distance cannot be specified where permanently\éqrductive pollufion is
presept (pollution degree 4). For temporarily conductive pollution (pollution degree 3), the surface of the insd¢lation
may He designed to avoid a continuous path of conductive pollution, e.g. by means s and grooves. Annex D
provides further information about the evaluation of clearance and creepage distanc%

4.4.7.1.3 Overvoltage category (OVC) C)(b

for dquipment energized from the supply mains, and resses the level of overvoltage

protgction expected. The OVC for non-mains supply etermined by taking into ac¢ount

whether control of overvoltages is provided or not whether the SMPS is connect¢d to

outdgor lines or not, and if so, the length of the |i|’K\SQ.
QO

Four|categories are considered. (%)

$

— Hquipment of overvoltage category I&)@VC IV) is for use at the origin of the installatipn.

The roncept of overvoltage categories (based on IEC 60%?&’-44 and IEC 60664-1) is Jused

NOTE|1 Examples of such equipment are eﬁ\ctricity meters and primary overcurrent protection equipment and
other pquipment connected directly to outd@ open lines.

Hquipment of overvoltage,c@égory I (OVC I1) is equipment in fixed installations and for
cpses where the reIiab@band the availability of the equipment are subject to spgecial
r

pbquirements. .
NOTE|2 Examples of su ipment are switches in the fixed installation and equipment for industrial usp with
permgnent connection t fixed installation.
— Hquipment vervoltage category Il (OVC Il) is energy-consuming equipment tp be
supplied f he fixed installation.
NOTH 3 les of such equipment are appliances, portable tools and other household and similar loads.

If SL& quipment is subjected to special requirements with regard to reliability| and
avail

Wy _overvolitaae cateaorv l annlics
A ) gy T

— Equipment of overvoltage category | (OVC 1) is equipment for connection to circuits in
which measures are taken to limit transient overvoltages to an appropriately low level.

NOTE 4 Examples of such equipment are those containing electronic circuits protected to this level.

NOTE 5 Unless the circuits are designed to take the temporary overvoltages into account, equipment of
overvoltage category 1 cannot be directly connected to the supply mains.

The measures for reduction of the impulse voltage shall ensure that the temporary
overvoltages that could occur are sufficiently limited so that their peak value does not exceed
the relevant rated impulse voltage of Table 9 and shall meet the requirement of 4.4.7.2.2,
4.4.7.2.3 and 4.4.7.3 as applicable.

Annex | shows examples of overvoltage category considerations for insulation requirements.
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For SMPS and circuits not intended to be powered from the supply mains, the appropriate
overvoltage category shall be determined as required by the application based on the
overvoltage control provided on the supply to the equipment or circuit.

NOTE 6 Product committees using this standard as a reference document should consider the determination of
overvoltage catagories for special applications.

44.71.4 Supply system earthing

The following three basic types of system earthing are described in IEC 60364-1.

4.4.7

cons|deration to determine the impulse withstand vol
detefmine the temporary overvoltage. Q

A SMPS having more than one input or out u?\\gall be evaluated according to the inp
outpdit which gives the most severe requirem@@ls.
b\

Tabl¢ 9 uses the system voltage (see 4.4.7.1.6) and ov;r@ age category of the circuit U

Tabje 9 — Impulse withstand voItag&@ﬁi temporary overvoltage versus system volf

TN system: has one point directly earthed, the accessible conductive parts of the

stem, TN-C, TN-S and TN-C-S, are defined according to the arrangement of t q

imstallation being connected to that point by protective conductors. Three types;o
nd protective conductors.

T system: has one point directly earthed, the accessible conductiv§ rts of
imstallation being connected to earth electrodes electrically indepen of the
lectrodes of the power system. /\ .

/

system: has all live parts isolated from earth or one point conne to earth throug
pedance, the accessible conductive parts of the in& ation being ea
imdependently or collectively to the system earthing. ('O

. The system voltage is also us

N\

.1.5 Determination of impulse withstand voltage {.’Q;JWemporary overvoltage

f TN
utral

the
barth

h an
'thed

nder
Bd to

ut or

age

Column 1 2 | 3xO | 4 5 6

Sydtem voltage *

(slee 4.4.7.1.6)
S

Impulse withstand voltage Temporary

O
C)\\ V overvoltagd
. \Y

\

-

Up to and

including C)

QS\ : Overvoltage category
O | 1 11 v

alc. "‘%’.c. r.m.s. / pedk
5@ 75 330 500 800 1500 1250/17%0
100 150 500 800 1 500 2 500 1300/ 1 840
150 225 800 1500 2 500 4 000 1350/1910
300 450 1500 2 500 4000 6 000 1500/2120
600 900 | 2500 4 000 6 000 8 000 1800/ 2 550
1000 ° 1500 | 4000 6 000 8 000 12 000 2200/3110

a

Interpolation of system voltage is not permitted when determining the impulse withstand voltage for mains
supply.

The r.m.s. values are derived using the formula (1 200 V + system voltage) from IEC 60664-1.

The last row only applies to single-phase systems, or to the phase-to-phase voltage in three-phase
systems.
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4.4.7.1.6 Determination of the system voltage
4.4.7.1.6.1 For AC mains supply
For SMPS supplied by an a.c. mains supply, the system voltage (in column 1 of Table 9) is:

— in TN and TT systems, the r.m.s. value of the rated voltage between a phase and
earth;

NOTE 1 A corner-earthed system is a TN system with one phase earthed, in which the system voltage is the
r.m.s. value of the rated voltage between a non-earthed phase and earth (i.e. the phase-phase voltage).

— _in three-phase IT systems for determination of impulse voltage:

e the r.m.s. value of the rated voltage between a phase and an artificiat~qutral
point (an imaginary junction of equal impedances from each phase);

NOTE 2 For most systems, this is equivalent to dividing the phase-to-phase voltage’by V3.

NOTE 3 The phase to an artificial neutral point can be accepted due to thg welt balance
systems. Under single fault condition the system voltage will temporary change to phase to
phase voltage, but under this single fault condition the impulse voltage i5¢<allowed to be
reduced by one step according to Table 9 and will lead to the sante_yesult for the
determination of clearance.

e the r.m.s. value of the rated voltage between phases’ for SMPS with increfased
reliability;

o for determination of temporary overvoltage, thé.r.m.s. value of the rated
voltage between phases;

in single-phase IT systems, the r.m.s. valagvof the rated voltage between slipply
conductors.

NOTE| 4 For SMPS having series-connected diode bridges (12-pulse, 18-pulse, etc.), the system voltage |is the
sum of the a.c. voltages at the diode bridges.

Whep the supply voltage is rectified d.c . derived from the a.c. mains, the system voltage is the
r.m.g. value of the source a.c. befaorévtectification, taking into account the supply system
earthing.

NOTE|5 Voltages generated withinsthe/SMPS by the secondaries of transformers providing galvanic isolatiop from
the mains supply are also consideted to be system voltages for the determination of impulse voltages.

See $.3.7.3 for markingsrequirements.
Addition:

4.4.7.1.6.1.100 For DC mains supply

4.4.7.1,6:1.100.1 Transients for a DC mains supply

The transients for a DC mains supply have 10 be defermined taking into account the overall
installation conditions.

Table 9 can be used to determine transients, if there is no information on the final application.

4.4.7.1.6.1.100.2 Connection to a DC 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.

4.4.7:14-6-1100-3——Disconnectionfrom-a-DC-mains-supply

Addifionally to the requirements for disconnection of a SMPS, the disconnection deviee [shall
be rdted for the DC voltage and current, and be able to interrupt the expected currents.

4.4.7.1.6.2 For non-mains supply

Replacement:

For §MPS supplied by non-mains AC or DC, the system voltage is the RMS value of the
supply voltage between poles.

NOTE| Non-mains supply can also relate to an external communication‘circuit, supplying power to the SMP$ or is
being[supplied by the SMPS.

4.4.71.7 Components bridging insulation

Components bridging insulation shall comply witAzthe requirements of the level of insulation
(e.g.|basic, reinforced, double) they are bridgipg:

Addition:

4.4.7.1.7.100 Selection requirements for components
As an option, already investigated components selected and used as described under

a) 7)10 for surge protection devices (SPDs), and
b) 7113 for capacitors-and RC units

are gonsidered acceptable in the meaning of this document.

4.4.7.2 Insulation to the surroundings

4.4.7.2A1 General

Insulatiom Tor_basic, supplementary, and reinforced insuiation between a circuit and its
surroundings shall be designed according to:

— the impulse withstand voltage; or

— the temporary overvoltage; or

— the working voltage of the circuit.

For creepage distances, the r.m.s. value of the working voltage is used, as described in
4.4.7.5.

For clearance distances and solid insulation, the impulse withstand voltage, the temporary
overvoltage or the recurring peak value of the working voltage is used, as described in
4.47.221t04.4.7.2.4.
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NOTE 1 Examples of working voltage with the combination of a.c., d.c. and recurring peaks are on the d.c. link of
an indirect voltage source converter, or the damped oscillation of a thyristor snubber, or internal voltages of a
switch-mode power supply. For more information see A.6.

NOTE 2 The impulse withstand voltage and temporary overvoltage depend on the system voltage of the circuit,
and the impulse withstand voltage also depends on the overvoltage category, as shown in Table 9.

For PEC with galvanic isolation between the mains and non-mains circuits, the impulse
voltage withstand ratings of the mains and non-mains circuits are determined as in 4.4.7.2.2
and 4.4.7.2.3. Thereafter the effect of reduction of the overvoltage categories (OVC) across
the isolation is evaluated as follows:

— The magnitude of impulses from the mains supply circuit on the non-mains supply circuit
determined by reducing the OVC of the non-mains supply supplies by one IeQIy and
determining the resulting impulse voltage withstand rating based on mains sup stem
Itage.

he rating to be used on the non-mains circuit is the higher of the value@\gaA.?.ZE and
the value determined above. (‘l/

he magnitude of impulses from the non-mains circuit on the mains_gi ircuit is deternfined
y reducing the OVC of the non-mains circuit by one level, and dqs mining the resdlting
impulse voltage withstand rating based on non-mains supply sy;@m voltage.

he rating to be used on the mains circuit is the higher of@(pvalue in 4.4.7.2.2 ang the
plue determined above.

I
< -

For PEC not providing galvanic isolation between the é&/ns and non-mains circuitsf the
impulse withstand voltage ratings of the mains and mains circuits are determined ps in
4.4.7.2.2 and 4.4.7.2.3 above. The higher of the twq&lse withstand voltage ratings is jused
for tHe entire combined circuit. For circuits connegted to the combined circuit without galyanic
isolafion, the impulse withstand voltage rating o{\qj} combined circuit applies.

NOTE|3 See I.5 for examples. \Q

When circuits of DVC A or B are sqgg) d from the mains through a transformer provjiding
galvgnic isolation working at a frequency higher than that of the supply, the insufation
betwgen the circuit and the surroun, ngs may be determined according to the working voftage
of the circuit.

N
In thpt case the transformers ability to reduce the impulse voltages to values less thap the
impulse voltage assom with the working voltage determined from Table 10 shall be shown
by telst, simulation od.) culation.
NOTE|] 4 The abilj a high frequency transformer to reduce impulse voltages originates from the vefy low
couplihg capaci across the galvanic insulation compared to a the typical grounding capacitance in the PVC A
or B cjrcuit.

4.4.7.2Q/C) Circuits connected to mains supply

Insulation between the surroundings and circuits which are connected directly to the mains
supply shall be designed according to the impulse withstand voltage, temporary overvoltage,
or working voltage, whichever gives the most severe requirement.

This insulation is normally evaluated to withstand impulses of overvoltage category Ill, except
that overvoltage category IV shall be used when the SMPS is connected at the origin of the
installation. Overvoltage category |l may be used for plug-in equipment without special
requirements with regard to reliability.

If measures are provided which reduce impulses of overvoltage category IV to values of
category Ill, or values of category Ill to values of category Il, basic or supplementary
insulation may be designed for the reduced values. The requirements for double or reinforced
insulation shall not be reduced to values less than those required for basic insulation
designed to withstand impulses without these measures being present.
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If the devices used for this purpose can be damaged by overvoltages or repeated impulses,
thus decreasing their ability to reduce impulses, they shall be monitored and an indication of
their status provided.

NOTE 1 The determined impulse withstand voltage based on the system voltage may be reduced by means of inherent
protection or SPD internal in the SMPS or as part of the installation. IEC 61643-12 provides information on the selection and use
of such SPD.

NOTE 2 Circuits which are connected to the supply mains via protective impedances, according to 4.4.5.4, are not
regarded as connected directly to the supply mains.

4.4.7.2.3 Circuits connected to non-mains supply

NOTE[—For committes CoNSIaerations Tetated to OVETvoitage category, Tefer to 4.4°7.2-3.

Insulption between the surroundings and circuits supplied from a non-mains sup@\vhell be

designed according to:

. . | . \O
— the impulse withstand voltage determined from Table 9 using the system age;
— the working voltage; :\ :
— the temporary overvoltage if known to exist due to the nature of t bu‘pply;
whichever gives the more severe requirement. (b\

O

Thesle values are used to enter Table 10 for the design of qs\& nce.
®)

Temporary overvoltage on a non-mains supply shall béetermined as follows:

— Without detailed knowledge of the temporary @‘{ngoltage, it shall be according to Tabje 9.
— I the temporary overvoltage is known thiSéa e shall be used.
By tTe determination of temporary over&oﬁgges on non-mains supply, following situdtions
should be considered: X2

\)
— lg¢ss of the neutral in a non-ma.j@ low-voltage system;
— 3accidential earthing of a no@wains low voltage IT system; and

\
— short circuit in the non-n@s low voltage installation.

For further informatiob§§e.IEC 60364-4-44-2007, Clause 442.

overyoltage ¢ ry shall be assigned when control of over-voltage is not provided| and
when conne to long outdoor lines. For applications and circuits with a known low leyel of

The Jovervoltage §§ggory for non-mains supply shall be overvoltage category Il. A hjgher
impuLse % es and for which it can be shown that the impulse voltages remain on a low levelleven

undef sj fault condition, overvoltage category | may be used. This requirement is considered|to be
met expected impulse voltages do not exceed the values given in Table 9 for overvqgltage
category | at the appropriate system voltage.

NOTE 1 The overvoltage category for non-mains supplies does not differ between equipment permanently
connected in fixed installations and equipment not permanently connected to the fixed installation.

Product committees using this standard as a reference document shall determine the
appropriate overvoltage category from Table 9, based on the system voltage and the
maximum impulse voltage likely to occur in their application. Special consideration may be
applicable for product specific applications, which have not been considered in this standard.

Communication lines shall be considered as non-mains supplies.

If measures are provided which reduce impulses of overvoltage category Il to values of
category I, or values of category Il to values of category |, basic or supplementary insulation
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may be designed for the reduced value. The requirements for double or reinforced insulation
shall not be reduced to values less than those required for basic insulation designed to
withstand impulses without these measures being present.

If the devices used for this purpose can be damaged by overvoltages or repeated impulses,
thus decreasing their ability to reduce impulses, they shall be monitored and an indication of
their status provided.

NOTE 2 The determined impulse withstand voltage based on the system voltage can be reduced by means of
inherent protection or SPD internal in the SMPS or as part of the installation. IEC 61643-12 provides information on
the selection and use of such SPD.

Addition: Q/‘\S

NO
The ptandard overvoltage category considered in the scope of this documﬂ/@is overvoltage
category Il, and Table 9 applies, except if specified differently by the\ nufacturer| and
releviant mformatlon is provided in the accompanying documentation. b‘

\‘1/

Insulption between two circuits shall be designed accordiné’the circuit having the more

sevefe requirement. g\

®)

For fhe design of simple and protective separation@ een circuits the insulation shdll be
designed according to:

N

:I:e circuit having the more severe requiremésb}j or

4.4.7.2.3.100 Overvoltage in supply circuity

4.4.7.2.4 Insulation between circuits

—

— the working voltage between the circuit%(\g

whichever gives the most severe requi.r@%nt.

4.4.7.3 Functional insulation \O

If thg failure of functional //ﬁ‘g&&f/on does not produce a hazard (electrical, thermal, firg]), no
spec|fic requirements apply“or the dimensioning of functional insulation. In other casep the

following requirements @p

Testing is not req ige)j, except where the circuit analysis required by 4.2 shows that failyre of
the ipsulation (agﬁ"result in a hazard.

For parts rcuits that are significantly affected by external transients, functional insufation
shalll b @psigned according to the impulse withstand voltage of overvoltage categofy I,
exceptthat overvoltage category Ill shall be used when the SMPS is connected at the grigin
of theTnstariation.

Where measures are provided that reduce transient overvoltages within the circuit from
category Il to values of category Il, or values of category Il to values of category |, functional
insulation may be designed for the reduced values.

Where the circuit characteristics can be shown by testing (see 5.2.3.2) to reduce impulse
voltages, functional insulation may be designed for the highest impulse voltage occurring in
the circuit during the tests.

For parts or circuits that are not significantly affected by external transients, functional
insulation shall be designed according to the working voltage across the insulation.

Addition:
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4.4.7.3.100 Additional requirements for functional insulation

Functional insulation shall satisfy one of the following requirements a) or b) or c).

a) They meet the clearance and creepage distance requirements for functional insulation

b)

c)

4.4.7.4 Clearance distances
4.4.7.4.1 Determination

Cleafances for functional, basic and supplementary insulation shall ,be dimensioned acco

according to cl. 4.4.7.4 and 4.4.7.5.

They withstand the electric strength tests for simple separation according to 5.2.3.4.2.

They are short-circuited where a short-circuit could cause

— overheating of any material creating a risk of fire, unless the material that coul
overheated is of V-1 class material, or

d be

—| thermal damage to basic insulation, supplementary insulation or reinfo
insulation, thereby creating a risk of electric shock.

—| a hazardous result during fault and abnormal testing.

rced

rding

to Tgble 10 (see Annex D for examples of the evaluation of clearafiee distances). Interpolgation

is pefmitted, when clearance is determined from temporary ove(veltage or working voltag

Cleafances for reinforced insulation shall be dimensioned to\withstand an impulse voltagsd
step |higher than the impulse withstand voltage, or 1,64imés the peak temporary overvo
or pdak working voltage, required for basic insulation.

a}
P .

one
tage

Cleafance distances for use in altitudes between»2 000 m and 20 000 m shall be calcujated

using a correction factor according to Table A2 of IEC 60664-1:2007, which is reproducd
Tabl¢ E.1.

A cdrrection factor selected from Tabte F.2 is also used for determination of clear
distapces for approximately homogenous fields when frequencies are greater than 30 kH
giver} in Annex F.

d as

ance
Z, as
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Table 10 — Clearance distances for functional, basic or supplementary insulation

Impulse Temporary Working voltage *'
withstand voltage overvoltage *f . .
d (recurring peak)
(peak)
(from Table 9) v
only rele\{apt for Minimum clearance distances in air up to
\Y determining 2 000 m above sea level
insulation between
surroundings and mm
circuits

(from Table 9)

v o\

Pollut d
ollution egreeAQ/

N
1 2 N "
Q
330 330 260 0,01 ,\‘1/
500 500 400 0,04 0200\
UL
800 710 560 0,10 . 1fc
1500 1270 1010 0,5 @95
2 500 2 220 1770 15 (/QJ 1,5 1,5
4000 3430 2 740 3,1\\\' 3,0 3,0 3o
2N
6 000 4890 3910 ((5\,5 55 55 55
8 000 6 060 4 840 O\)‘ 8,0 8,0 8,0 g0
12 000 9 430 7540 N\ | 14 14 14 1
y N

o [V
N

br printed wiring board (PWB), the values for
Han 0,04 mm.

his voltage is approximately 0,8 times the voltage r (’:1%\n{ed to break down the associated clearance.
p\@g;m degree 1 apply except that the value shall not be less

—

¢ Tpe minimum clearance distances given foripollution degrees 2, 3 and 4 are based on the reduced witfjstand
haracteristics of the associated creepage&stance under humidity conditions (see IEC 60664-5).

a
= O

riterpolation is permitted for non-maim@upply.
© Clearances for temporary overval and working voltage are derived from Table F.7a of IEC 60664-1:2p07.

N\
rfterpolation is permitted, wh@earance is determined from temporary overvoltage and working voltagg.

—

NOTE| If clearances are @ad with steady-state voltages of 2,5 kV (peak) and above, dimensioning accprding
to the|breakdown value%'ij able 10 may not provide operation without corona (partial discharges), especidlly for
inhompgeneous fields\ In~order to provide corona-free operation, it is possible either to use larger clearancgs, as
given jn Table F.7 C 60664-1:2007, or to improve the field distribution.

Complianc all be checked by visual inspection (see5.2.2.1) or by performing the impulse
voltage tespof 5.2.3.2 and the a.c. or d.c. voltage test of 5.2.3.4.

N

447372 ETectric field homogeneity

The dimensions in Table 10 correspond to the requirements of an inhomogeneous electric
field distribution across the clearance, which are the conditions normally experienced in
practice. If a homogeneous electric field distribution is known to exist, the clearance distance
for basic or supplementary insulation may be reduced to not less than that required by
Table F.2 (Case B) of IEC 60664-1:2007. In this case, however, the impulse voltage test of
5.2.3.2 shall be performed across the considered clearance.

If the withstand against steady state voltages, recurring peak or temporary overvoltages
according to Table 10 is decisive for the dimensioning of clearance and if these clearances
are smaller than the values of Table 10 then an a.c. or d.c. voltage test according to 5.2.3.4 is
required. Clearance distances for reinforced insulation shall not be reduced for homogeneous
fields.
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4.4.7.4.3 Clearance to conductive enclosures

The clearance between any non-insulated live part and the walls of a metal enclosure shall be
in accordance with 4.4.7.4.1 during and following the deflection tests of 5.2.2.4.2.

Com

pliance is checked by inspection and by test of 5.2.2.4.2.

If the design clearance distance is at least 12,7 mm and the clearance distance required by
4.4.7.4.1 does not exceed 8 mm, the deflection tests may be omitted.

4475 _Creepage distances
4.4.7.5.1 Insulating material groups ~\§

Insul
inde
- 1
-
- 1
-

Cree
cond

pting materials are classified into four groups corresponding to their compq@ve tra

(CTI) when tested according to 6.2 of IEC 60112:2003: (],Q
sulating material group I: CTIl > 600; f\
sulating material group Il: 600 > CTI > 400; (19b‘
sulating material group llla: 400 > CTI > 175; (b\
sulating material group lllb: 175 > CTI > 100@()

A

page distance requirements for PWBs exposed tcbs%ollution degree 3 environm
tions shall be determined based on Table 11 pollu@n degree 3 under “Other insulat

If thg creepage distance is ribbed, then the creep§ distance of insulating material of gr

may

matefial of group Il may be applied using ins

be applied using insulating material of gr@ﬁb | and the creepage distance of insul
i

Cking

ental

”

DIs".

bup |
pting

ng material of group lll. The spacing df the

ribs g$hall equal or exceed the dimension ‘@n Table D.1. For pollution degree 2 and J, the
ribs ghall be at least 2 mm high. D

.\@
For jnorganic insulating material ,dor example glass or ceramic, which do not track] the
creeiage distance may equal (t associated clearance distance, as determined [from
Tablg 10. C}\O
4.4.7.5.2 Determin@in
Creepage distance @funcﬁona/, basic and supplementary insulation shall be dimensipned
accofding to Tabl . Interpolation is permitted. Creepage distances for reinforced insufation
shall{be twice @stances required for basic insulation.

O
D
&S
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Table 11 — Creepage distances (in millimetres)

Column 1 2 3 a | s | e | 7 | 8 | o [ 10 | 11 | 12
Working PWBs * Other insulators
‘(/:;I;agi Pollution degree Pollution degree
1 2 1 2 3
S ma‘:'ﬁal al Insulating material group Insulating material group
v groups groups | Mo I I la lib I Il llla b
except Illb groups
<p—| 0026 0041 0066|636 0-35 6-35 o871 687 o3
b 0,025 0,04 0,065 0,37 0,37 0,37 0,92 0,92 ~\I.,S 4
1Pp 0,025 0,04 0,08 0,40 0,40 0,40 1,0 1,0 @ 1,
2b 0,025 0,04 0,125 0,50 0,50 0,50 1,25 1,25\:.0 1,25
3p 0,025 0,04 0,14 0,53 0,53 0,53 1,3 ﬂl}@ 1,
4p 0,025 0,04 0,16 0,56 0,80 1,1 1,4 «1,6 1,
5p 0,025 0,04 0,18 0,60 0,85 1,20 1, &" 1,7 1,
6B 0,04 0,063 | 0,20 0,63 0,90 1,25 y\% 1,8 2,
8p 0,063 0,10 0,22 0,67 0,95 1,3 L~ 1,7 1,9 2,
10p 0,10 0,16 0,25 0,71 1,0 1,4 \@\ 1,8 2,0 2,
12p 0,16 0,25 0,28 0,75 1,05 1,5 1,9 2,1 2,
16p 0,25 0,40 0,32 0,80 1,1 6 2,0 2,2 2,%
20p 0,40 0,63 0,42 1,0 1,4 \,0 2,5 2,8 3,
25D 0,56 1,0 0,56 1,25 1,8 \\Q 2,5 3,2 3,6 4,
32p 0,75 1,6 0,75 1,6 2,2 J 3,2 4,0 4.5 5,
40p 1,0 2,0 1,0 2,0 \(& 4,0 5,0 5,6 6,
50p 1,3 2,5 1,3 2,5 ~$§\3',6 5,0 6,3 7.1 8,
63p 1,8 3,2 1,8 3,?\\6 4,5 6,3 8,0 9,0 10,
80p 2,4 4,0 2,4 \60‘ 5,6 8,0 10,0 11 12,5 b
100p 3,2 5,0 3,2 \17 5,0 7,1 10,0 12,5 14 16
125p 4,2 6,3 /-?%\O 6,3 9 12,5 16 18 20
1 60p ¢ © . .3-,/6 8,0 11 16 20 22 25
2 00p Q\ 7,5 10,0 14 20 25 28 32
2 50p )(> 10,0 12,5 18 25 32 36 40
3 20p §§" 12,5 16 22 32 40 45 50
4 00p Q§‘ 16 20 28 40 50 56 63
5 00p ‘éo 20 25 36 50 63 71 80
6 30p QU‘ 25 32 45 63 80 90 100
800’)\/ 32 40 A6 81 100 110 125
10 000 ¢ 40 50 71 100 125 140 160

Interpolation is permitted.

?  These columns also apply to

components and parts on PWBs, and
to other creepage distances with a
comparable control of tolerances.

c

Insulating materials of group Illb are not normally recommended for
pollution degree 3 above 630 V.

Above 1 250 V use the values from columns 4 to 11, as appropriate.

For higher voltages, creepage distances should be dimensioned
according to Table F.4 of IEC 60664-1:2007
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When the creepage distance requirement determined from Table 11 is less than the clearance
distance required by 4.4.7.4.1 or the clearance distance determined by impulse testing (see
5.2.3.2), then the creepage distance shall be increased to the clearance distance.

Compliance of creepage distances shall be checked by measurement or inspection (see
5.2.2.1) (see Annex D for examples of the evaluation of creepage distances).

4.4.7.6 Coating

A coating may be used to provide insulation, to protect a surface against pollution, and to
allow a reduction in creepage and clearance distances (see 4.4.7.8.4.2 and 4.4.7.8.6).

4.4.7.7 PWB spacings for functional insulation ~\§

Spadings for functional insulation shall comply with the requirement of 4.4.7.4 ap\@.4.7.5.

Q
Decrgpased spacings on PWB are permitted when all the following are sahs’\é)f

— the PWB has flammability rating of V-0 (see IEC 60695-11-10); (19b‘
— the PWB base material has a minimum CTI of 100; ('O
— the equipment complies with the PWB short circuit test ( s§/®2 A4.7).

Decrgpased spacings for components assembled on PWB a&permltted when used in:

— ppllution degree 1 or 2 environment; and QQQ

— not more than overvoltage category 1.

In this case the manufacture specification ma@g used.

&
Compliance is checked by inspection and¥y test of 5.2.4.7 if applicable.
N
4.4.7.8 Solid insulation \O
4.4.7.8.1 General \\C\)j“

include mechanical, rical, thermal, climatic and chemical stresses which are tp be
expefted in norme;ta . Insulation materials shall also be resistant to ageing during the
experted Iifetim@ e SMPS.

Matefials selected for so!id insulation shall be able to withstand the stresses occurring. These

Test$ shall t@ erformed on components and sub-assemblies using solid insulation, in prder
to emsure the insulation performance has not been compromised by the desigdn or
man{f ﬁlvl

ng process.
N

4.4.7.8.2 Material requirements

The insulating material shall have a CTI of 100 or greater.

The insulating material shall be suitable for the maximum temperature it attains as determined
by the temperature rise test of 5.2.3.10. Consideration shall be given as to whether or not the
insulating material additionally provides mechanical strength and whether or not the part can
be subject to impact during use.

The insulating material in contact with live parts higher than DVC As shall comply with:

— the glow-wire test described in 5.2.5.3 at a test temperature of 850 °C; or
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e glow-wire test described in 5.2.5.3, at a lower test temperature, but not less than

550 °C, depending on the classification of the use of the SMPS, according to Table A.1 of
IEC 60695-2-11:2011; or

— th

e alternative hot wire ignition test of 5.2.5.4.

Thermoplastic insulating materials used in contact with live parts higher than DVC As or used

as p

art of the enclosure shall comply with the ball pressure test as abnormal heat test

according to IEC 60695-10-2.

Where an insulating material is used in a SMPS that incorporates switching contacts, and is

withi

n 12,7 mm of the contacts, it shall comply with the high current arcing ignition test of

5.2.5

In c3
with

No fu

2.

se the manufacturer of the insulating material provides data to demonstrate_cempliance
he above requirements no further testing is required.

rther evaluation is required when generic materials are used according to Table 12.

Table 12 — Generic materials for the direct support of uninsulated live parts

Generic material Minimum thickness Maximum temperature

mm °C

Any clold-moulded composition No limit No limit

Ceramic, porcelain No lingif No limit

Diallyj phthalate 9,7 105

Epox 0,7 105

Melamine 0,7 130

Melamine-phenolic 0,7 130

Phendlic 0,7 150

Unfillpd nylon 0,7 105

Unfillgd polycarbonate 0,7 105

Urea formaldehyde 0,7 100

Compliance is checked\by inspection and by test of 5.2.3.10 and 5.2.5.3 or 5.2.5.2.

Addition:

4.4.7.8.2.100 Thickness through insulation

Exceptiwhere another subclause of clause 4.4.7.8 applies, distances through insulation |shall

be dimensionred-according-te-the-applicationefthe-irsulationand-asfolows:

— if the working voltage does not exceed DVC B limits, there is no requirement for distance

through insulation;

- if

the working voltage exceeds DVC B voltage limits, the following rules apply:

for basic insulation, no minimum distance through insulation is specified, but shall
meet the electric strength requirements of 4.4.7.10.1 for basic insulation;

for supplementary insulation or reinforced insulation comprised of a single layer, the
minimum distance through insulation shall be 0,4 mm and shall meet the electric
strength requirements of 4.4.7.10.2 for supplementary insulation or reinforced
insulation as applicable;

for supplementary insulation or reinforced insulation comprised of multiple layers, the
minimum distance through insulation shall comply with 4.4.7.8.3.
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4.4.7.8.3 Thin sheet or tape material
4.4.7.8.3.1 General

4.4.7.8.3 applies to the use of thin sheet or tape materials in assemblies such as wound
components and bus-bars.

Insulation consisting of thin (less than 0,75 mm) sheet or tape materials is permitted, provided
that it is protected from damage and is not subject to mechanical stress under normal use.

Where more than one layer of insulation is used, there is no requirement for all layers to be of
the seme material.

NOTE|1 One layer of insulation tape wound with more than 50 % overlap is considered to constitute @Wo'laygrs.

NOTE|2 Basic, supplementary and double insulation can be applied as a pre-assembled system'of thin matdrials.
4.4.7.8.3.2 Material thickness equal to or more than 0,2 mm

The provisions of 4.4.7.8.3.2 of IEC 62477-1:2012 do not apply.

4.4.7.8.3.3 Material thickness less than 0,2 mm

The provisions of 4.4.7.8.3.3 of IEC 62477-1:2012 do not apply-
Addition:

4.4.7.8.3.3.100 Thin sheet material
Thin|sheet material shall meet one of the follewing requirements:
Lipplementary insulation consisting -0f* two layers of material, each layer shall megt the

s
electric strength requirements of 4.457.10.1 for supplementary insulation; or
S

Lpplementary insulation consisting of three layers of material, any combination of two
gyers shall meet the electtic strength requirements of 4.4.7.10.1 for supplemeptary
nsulation; or

|
-

g¢inforced insulation consisting of two layers of material, each layer shall meet the el¢ctric
rength requirementsof 4.4.7.10.2 for reinforced insulation; or

n

|
=

g¢inforced insulation consisting of three layers of material, any combination of two layers
nall meet thetelectric strength requirements of 4.4.7.10.2 for reinforced insulation.

n

If mgre than three layers are used, layers may be divided into two or three groups of layefs.

Each group of layers shall pass the electric strength tests for the appropriate insulation.

A test on a layer or group of layers is not repeated on an identical layer or group.

4.4.7.8.3.4 Compliance

Compliance shall be checked by the tests described in 5.2.3.1 t0 5.2.3.5.

When a component or sub-assembly makes use of thin sheet insulating materials, it is
permitted to perform the tests on the component rather than on the material.
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Addition:

4.4.7.8.3.4.100 Separable thin sheet material

For separable layers, electric strength tests are applied in accordance with 4.4.7.10 to a single
layer.

The test procedure is given in 5.2.3.102.

4.4.7.8.3.4.101 Non-separable thin sheet material

NOTE| Requirements have been taken from IEC 62368-1.
4.4.7.8.3.4.101.1 General
For fnsulation consisting of non-separable thin sheet materials the test-procedurgs in

Tabl¢ 101 are applied. There is no requirement for all layers of insulation to be of the same
matefrial and thickness.

Compliance is checked by inspection and by the tests specified in Table 101.

Table 101 — Tests for insulation in non-separable layers

Number of layers ‘ Test'procedure

Supplementary insulation

Two |or more layers: ‘ The test procedure of 52¢3.103 is applied.
Reinforced insulation
Two [layers: The test proceduté of 5.2.3.103 is applied.
Threfe or more layers: The test procedures 5.2.3.103 and 5.2.3.104 2 are applied.

NOTE The purpose of the tests in 5.2.3.104 isd4o ensure that the material has adequate strength to resist
dampge when hidden in inner layers of insulation. Therefore, the tests are not applied to insulation in two layers.
The [ests in 5.2.3.104 are not applied to stupplementary insulation.

a8  Where the insulation is integral to-winding wire, the test does not apply. For insulated winding wires fof use
ithout interleaved insulation, 4.4:7.8.5.100 applies.

4.4.7.8.4 Printed(wiring boards (PWBs)
4.4.7.8.41 General

Insulption bgiween conductor layers in double-sided single-layer PWBs, multi-layer PWBg¢ and
metal coresPWBs, shall meet the requirements of 4.4.7.8.1. Basic, supplementary, doublg¢ and
reinfpreed/insulation shall meet the appropriate requirements of 4.4.7.10.1 or 4.4.7./10.2.
Fungtiohal insulation in PWBs shall meet the requirements of 4.4.7.7.

For the inner layers of multi-layer PWBs, the insulation between adjacent tracks on the same
layer shall be treated as either:

— a creepage distance for pollution degree 1 and a clearance as in air (see Example D.14);
or

— solid insulation, in which case it shall meet the requirements of 4.4.7.8.1 and 4.4.7.10.

Addition:

4.4.7.8.4.1.100 Insulation of inner PWB layers acting as solid insulation

For the inner layers of multi-layer PWBs, the insulation between adjacent tracks on the same
layer shall only be acceptable as solid insulation, when tested to 4.4.7.9.
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4.4.7.8.4.2 Use of coating materials

A coating material used to provide functional, basic, supplementary and reinforced insulation
shall meet the requirement as specified below.

Type 1 protection (as defined in IEC 60664-3) improves the microenvironment of the parts
under protection. The clearance and creepage distance of Table 10 and Table 11 for pollution
degree 1 apply under the protection. Between two conductive parts, it is a requirement that
one or both conductive parts, together with all the spacing between them, are covered by the
protection.

Type| 2 protection is considered to be similar to solid insulation. Under the protectiqn|, the
requirements for solid insulation specified in 4.4.7.8 are applicable, including the| copating
matefrial itself, and spacings shall not be less than those specified in Table 1 of {EC 6(]664-
3:2003. The requirements for clearance and creepage in Table 10 and Table 11(do not apply.
Between two conductive parts, it is a requirement that both conductive parts, together with the
spac|ng between them, are covered by the protection so that no airgap .exists between the
protgctive material, the conductive parts and the printed boards.

The [coating material used to provide Type 1 and Type 2 protegtion shall be designed to
withdtand the stresses anticipated to occur during the expected lifetime of the SMPS. A|type
test pn representative PWBs shall be conducted according to,Clause 5 of IEC 60664-3:2003.
For the cold test (5.7.1 of IEC 60664-3:2003), a temperature’of -25 °C shall be used, and for
the napid change of temperature test (5.7.3 of IEC 60664-3:2003): -25 °C to +125 °{. No
routipe test is required.

4.4.7.8.5 Wound components

Varn|sh or enamel insulation of wires shall ngt be used for basic, supplementary, douHlle or
reinfprced insulation.

Wound components shall meet the requirements of 4.4.7.8.1 and 4.4.7.10.

The component itself shall pass_the requirements given in 4.4.7.8.1 and 4.4.7.10.2. [f the
component has reinforced or déuble insulation, the a.c. or d.c. voltage test of 5.2.3.4 shall be
perfdgrmed as a routine test.

Addition:

4.4.7.8.5.100 Insulated winding wires for use without interleaved insulation

The winding'wire shall comply with Annex AA. The minimum number of overlapping laygrs of
spirally wrapped tape or extruded layers of insulation shall be as follows:

— forbasic 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.

Wires investigated to |IEC 60950-1:2005/AMD1:2009/AMD2:2013, Annex U, or
IEC 62368-1:2014, Annex J, are equally accepted.

The winding wire shall pass a routine test for electric strength test.


https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

- 66 — IEC 61204-7:2016 EXV © IEC 2016

4.4.7.8.6 Potting materials

A potting material may be used to provide solid insulation or to act as a coating to protect
against pollution. If used as solid insulation for basic, fault and enhanced protection, it shall
comply with the requirements of 4.4.7.8.1 and 4.4.7.10. If used to protect against pollution,
the requirements for type 1 protection in 4.4.7.8.4.2 apply.

4.4.7.9 Connection of parts of solid insulation (cemented joints)

The creepage and clearance path in the presence of a cemented joint between two insulating
parts, are determined as follows.

ype 1 or type 2 protection as described in 4.4.7.8.4.2 apply.

"
A cemented joint that is not evaluated as providing protection of type 1 orkagype |2, is
neither considered solid insulation nor to reduce pollution degree. The clearance| and
cfeepage distances of Table 10 and Table 11 apply for the pollution~degree of the
environment around the joint. See 5.2.5.7 for test.

As an example, see Example D.9.

4.4.7.10 Requirements for electrical withstand capability
4.4.7.10.1 Basic or supplementary insulation
Basi¢ or supplementary insulation shall be tested as follows!

— Tlest with impulse withstand voltage according ta 6°2.3.2; and

— Tlest with a.c. or d.c. voltage according to 5.2.3:4.
4.4.7.10.2 Double or reinforced insulation

Doublle or reinforced insulation shall be tested as follows:

—

est with impulse withstand voltage according to 5.2.3.2; and

— Tlest with a.c. or d.c. voltage™aecording to 5.2.3.4.

For $olid insulation, the partial discharge test according to 5.2.3.5 shall be performg¢d in
addition to the above tests, if the recurring peak working voltage across the insulatipn is
grealer than 750 V andithie voltage stress on the insulation is greater than 1 kV/mm.

NOTE| The voltage.stress is the recurring peak voltage divided by the distance between two parts of different
potenfial.

The |partialxdischarge test shall be performed as a type test on all components, [sub-
assemblies 'and PWB. In addition, a sample test shall be performed if the insulation corsists
of a g$ingle layer of material.

Double insulation shall be designed so that failure of the basic insulation or of the
supplementary insulation will not result in reduction of the insulation capability of the
remaining part of the insulation.

Addition:

4.4.7.10.2.100 Level of testing
When conducting electrical testing according to 4.4.7.10, the following shall apply.

— Testing with impulse withstand voltage and AC or DC voltage is used to test suitability of
insulation. Spacings are investigated to 5.2.2.1.
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- P
tr

artial discharge testing is conducted on a final component configuration
ansformer) or sub-assembly. Individual materials are not tested.

(e.g.

— Testing does not have to be conducted on the final product, if testing on final component
configuration or sub-assembly is representative.

NOTE

4.4.7

In some situations testing on the final product is even not possible, due to the selected insulation concept.

.11 Insulation requirements above 30 kHz

Where voltages across insulation have fundamental frequencies greater than 30 kHz, further
considerations apply.

Anng
unde

Com
insp4

4.4.8

Som
insul

r these circumstances.

bliance of creepage and clearance distances shall be checked by measureme
ction according to Annex F.

Compatibility with residual current-operated protective devices (RCD)

b domestic and industrial installations provide RCD as a@dditional protection ag
htion faults, in addition to the basic and fault protection praviged by SMPS.

An impsulation fault or direct contact with certain types @f\SMPS circuits can cause fg

currg
RCD
insta

To e
the f

a) A
C
€l

nt with a d.c. component to flow in the PE conddgtor and thus reduce the ability
of type A or AC (see IEC 60755) to provide ihis)protection for other equipment i
lation.

hsure the intended work of an RCD provided by the installation SMPS shall satisfy o
bllowing conditions.

Pluggable Type A single-phase SMPS, shall be designed so that, under normal and
pnditions any resulting d.c. component of the current in the PE conductor doej
xceed the d.c. current withstaRd' requirements in IEC 60755 for RCD of type A.

OTE At the time of writing, theé\requirement in IEC 60755 is for type A RCD to be able to tolerate 6
c. current while still maintaifing their protective functionality.

N
d
b) F
t

e PE conductor(isynot limited if the information and marking requirements of 6.3.7.

cpmplied with.

For

e designfand construction of electrical installations, care should be taken with R(Q

Typeg| B. All {he)RCD upstream from an RCD of Type B up to the supply transformer shall
Type| B.

x F contains requirements for the determination of clearance and creepage distJnces

nt or

ainst

ilure
bf an
h the

he of

fault
not

MmA of

or SMPS that are Pluggable Type B or intended for permanent connection, d.c. currgnt in

L are

D of
be of

Com[li:\nr\n with RCD provided by the installation shall bhe checked by simulati

n or

calculation of current in the PE conductor under normal and single fault conditions according
to the guideline provided in Annex H.

See 6.3.7.4 for information and marking requirements.

449

Capacitor discharge

Replacement:

For protection against shock hazard, capacitors within a SMPS shall be discharged to a
voltage less than the limits outlined in 4.4.5.101, or to an energy less than the limits outlined
in 4.4.5.103, after the removal of power from the SMPS or after any charge of a capacitor

beco

mes accessible:
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— for pluggable SMPS type A and B, the discharge time shall not exceed 1 s or the
hazardous live parts shall be protected against direct contact by at least IPXXB (see

4

4.3.3);

— for permanently connected SMPS, the discharge time shall not exceed 5 s.

For pluggable SMPS type A and B and permanently connected SMPS which do not meet the
above requirements, access shall only be possible by means of a tool or key and the
information and marking requirements of 6.5.2 apply.

Compliance is checked by test of 5.2.3.8.

NOTE| This requirement also applies to capacitors used for power factor correction, filtering, etc.

4.5
4.51
4.5.1

Equi
acce

A ris

Protection against electrical energy hazards
Operator access areas
1 General

bment shall be so designed that there is no risk of electrical energy hazard in op¢
5s areas from accessible circuits by fulfilling requirement of 4.2.

k of injury due to an electrical energy hazard exists if.i/is likely that two or more

party (one of which may be earthed) between which a hazardous energy level exists, w
bridged by a metallic object.

The
finge
with

Barri
alter

Com

4.5.1

A ha

ikelihood of bridging the parts under considerdtion is determined by means of thq
r of Figure 1 of IEC 60529:1989, in a straight\position. If it is possible to bridge the
his test finger, a hazardous energy level shall not exist.

ers, guards, and similar means preventing unintentional contact may be provided &
pative to limiting the energy.

bliance is checked by inspection or test of 5.2.2.2.

.2 Determination of\hazardous electrical energy level

rardous electrical-@nergy level is considered to exist if:

— the voltage is  VWor more;

and

- p

—

Com

bwef available exceeds 240 VA after 60 s; or

rator

bare
Il be

test
parts

S an

hésenergy exceeds 20 J.

pliance shall be checked with the test in 5.2.3.9 or by calculation as follows:

in case of a capacitor the stored energy in the capacitor is at a voltage of 2 V or more, and

the s

wher

tored energy calculated from the following equation, exceeds 20 J:

E=0,5 CU?

e

E is the energy, in joules (J);

C is the capacitance, in farads (F);

U is the measured voltage on the capacitor, in volts (V).
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4.5.2 Service access areas

Capacitors located behind panels that are removable for servicing, installation, or
disconnection shall present no risk of electric energy hazard from charge stored on capacitors
after disconnection of the SMPS.

Capacitors within a SMPS shall be discharged to an energy level less than 20 J, as in 4.5.1.2,
within 5 s after the removal of power from the SMPS. If this requirement is not achievable for
functional or other reasons, the information and marking requirements of 6.5.2 apply.

Compliance is checked by inspection of the equipment and relevant circuit diagrams, taking

into gccount the possibility of disconnection with any "ON"/"OFF" switch in either positior} and
non-pperation of periodic power consuming devices or components within the SMBPS>If the
capagitor discharge time can not be accurately calculated, the discharge ti hajl be
meagured.
NO
>

4.6 | Protection against fire and thermal hazards ,\ A

4
4.6.1 Circuits representing a fire hazard Qb‘

N

The following types of circuits are considered a fire hazard:

— cjrcuits directly connected to the mains; \Q/

— cjrcuits that are not directly connected to the mains b xceed the limits for limited plower
purces in 4.6.5;

n

pbmponents having unenclosed arcing parts. QQ

Q

4.6.2 Components representing a fire hazata'\

%)
4.6.21 General \‘(\

The risk of ignition due to high temp ure shall be minimized by the appropriate selection

and yise of components and by suitable construction.
xO

Elecfrical components shall @%ed in such a way that their maximum working temperpture

undefr normal or single fau nditions is less than that necessary to cause ignition of the

surrdqunding materials v&w ich they are likely to come into contact. Under normal conditions

the limits in Table 14 s not be exceeded for components or their surrounding material.

Whefe it is not pr cg'&al to protect components against overheating under fault conditions, all
matefrials in ¢ t with such components shall be of flammability class V-1, accordipg to
IEC 0695-1& or better.

Com @é with 4.6.2 and 4.6.3 shall be confirmed by inspection of component and marerial
data[sheets and. where necessary. by test.

4.6.2.2 Components within a circuit representing a fire hazard

Inside fire enclosures, materials for components and other parts and all materials in contact
with such parts shall comply with flammability class V-2 as classified in IEC 60695-11-10 or
flammability class HF-2 as classified in ISO 9772 or better.

In case the manufacturer of components provides data to demonstrate compliance with the
above requirements no further testing is required.

The above requirement does not apply to any of the following:

— electrical components which do not present a fire hazard under abnormal operating
conditions when tested according to 5.2.4.6;
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4.6.2.3 Components within a circuit not representing a fire hazard

For Jomponents within a circuit not representing a fire hazard 4.6.2.does not apply.

4.6.3 Fire enclosures
4.6.3.1 General

Replacement:
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materials and components within an enclosure of 0,06 m3 or less, consisting totally of
metal and having no ventilation openings, or within a sealed unit containing an inert gas;

electronic components, such as integrated circuit packages, opto-coupler packages,
capacitors and other small parts that are mounted on material of flammability class V-1 or
better;

wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP, neoprene or
polyimide;

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
fnaterial of flammability class V-1 or better:

e other small parts which would contribute negligible fuel to a fire, including;labels,
mounting feet, key caps, knobs and the like;

e tubing for air or any fluid systems, containers for powders or liquids*and foamed
plastic parts, provided that they are of flammability class HB.

Fire fenclosures are used to reduce the risk of\fire to the environment, independent of the

locatjon where they are installed.

A firg enclosure shall be provided for allSMPS, unless it is:

a)
b)

c)

4.6.3.2 Flammmability of enclosure materials

Replacement:

Mat

component SMPS and intended for final installation in equipment providing g fire
nclosure; or

al
e

supplied by a limited power source and the circuits (according to 4.6.5) are mountdd on
printed wiring boards of minimum V-1 class material; or

f

br usage in areas-without combustible materials (restricted access areas) and is marked
cording to 6.3:5;

ials”used for fire enclosures of SMPS shall meet the flammability test requiremer]ts of

5.2.5.5, except for those portions of the enclosure that enclose only circuits not representing a
fire hazard.

Materials are considered to comply without test if, in the minimum thickness used, the
material is of flammability class 5VA or better, according to IEC 60695-11-20:1999.

Materials for moveable and transportable equipment comply without test if, in the minimum
thickness used, the material is of flammability class of V-1 or better, according to
IEC 60695-11-20.

Metals, ceramic materials, and glass which is heat-resistant tempered, wired or laminated, are
considered to comply without test.

Materials for components that fill an opening in a fire enclosure shall
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— be of at least V-1 class material and no larger than 100 mm in any dimension, or

— be of at least V-2 class material and there is a barrier or device(s) that forms a barrier
made of a V-0 class material between the part and a source of fire hazard, or

— comply with a relevant IEC component standard that includes flammability requirements
for components that are intended to form part of, or fill openings in, a fire enclosure.

NOTE Examples of these components are fuse-holders, switches, pilot lights, connectors and appliance inlets.

Polymeric materials that serve as the outer enclosure and have surface area greater than
1m?ora single dimension larger than 2 m, shall have a maximum flame spread index of 100
as determined by ASTM E162 or ANSI/ASTM E84.

The
comyj

Com

4.6.3.
4.6.3.

For
spec
each

this 4

These requirements are in addition to requirements)regarding openings, in other sectio
tandard.
For example the sections regarding basic piéfection with live parts or hazardous moving par

NOTH
additi

4.6.3
Oper

objeq
coulg

This
unles

Com

Oper
verti

manufacturer may provide data from the fire enclosure material supplier to demeng
liance with the above requirements. In this case, no further testing is required:

bliance shall be checked by visual inspection and, where necessary, by test.

3  Openings in fire enclosures
3.1 General

bquipment that is intended to be used or installed in/more than one orientatig
fied in the product documentation, the requirements, inV4.6.3.3.2 to 4.6.3.3.4 apq
orientation.

nal to the requirements in this section.
.3.2 Openings in the top and'side of fire enclosures

ings in the top surfaces of*fire enclosures shall be designed to prevent an ext
t falling vertically or at up tot5° from vertically from entering the enclosure in an ared
lead to a fire hazard.

requirement applies\to all sides of moveable equipment with no defined top and bo
s top and bottom_surfaces can be suitably demonstrated in the installation instructio

bliance shajRbe checked by test of 5.2.2.2.

ings-i—the top surfaces of fire enclosures not located vertically above or within 5°
alrof-a circuit representing a fire hazard as defined in 4.6.1 are not subject to the tq

trate

h as
ly in

hs of

S are

ernal
that

tom,

from
st of

5.2.2

.2dnd can be of any construction if the construction prevents access to parts gr

bater

than

DVC As with the IP3X probe as detailed in 4.4.3.3.

Where a portion of the side of a fire enclosure falls within the area traced out by the 5° angle
in Figure 6, the limitations in 4.6.3.3.3 regarding openings in bottoms of fire enclosures also
apply to this portion of the side.

Compliance shall be checked by visual inspection.

4.6.3

3.3 Openings in the bottom of a fire enclosure

Replacement:
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The bottom of a fire enclosure or individual barriers shall provide protection against emission
of flaming or molten material under all internal parts, including partially enclosed components
or assemblies, located in a circuit representing a fire hazard.

The location and size of the bottom or barrier shall cover area D in Figure 6 and shall be
horizontal, lipped or otherwise shaped to provide equivalent protection. The area shall be free
of openings, except for those protected by a baffle, screen or other means so that molten
metal and burning material are unlikely to fall outside the fire enclosure.

PWB

Combustible component
FET

8o

Side openings (electrical enclosure)

Bottom openings (fire enclosure)

IEC 1210/12

NOTE] Figure 6 shows an\example of a cutaway side view of a product containing a PWB with its compgnents
facing| the bottom of the) enclosure. If the PWB contains components in primary circuitry (e.g. Field |Effect
Trans|stors), it is constdered a source of ignition.

The bpttom encfosire is considered a fire enclosure so openings in it shall be restrictive, e.g. see Table 12.

Besidgs providing protection against electrical shocks, the side openings (electrical enclosure) located belqw the
5 ° prpjeCtion from the source of ignition provide protection against spread of fire.

Figure 6 — Fire enclosure bottom openings below an
unenclosed or partially enclosed fire-hazardous component

The following constructions are considered to satisfy the requirement without test:

a) no opening in the bottom of a fire enclosure;

b) openings in the bottom of any size under an internal barrier, screen or the like, which itself
complies with the requirements for a fire enclosure;

c) baffle plate construction as illustrated in Figure 7;

d) under components and parts meeting the requirements for V-1 class material, or HF-1
class foamed material or under components that pass the needle-flame test of IEC 60695-
11-5 using a 30 s flame application, bottom openings shall not exceed 6 mm in any
dimension;
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e) the bottom openings do not exceed a 2 mm by 2 mm mesh of at least 0,45 mm diameter
metal wire;

f) the openings in the metal bottom enclosure comply with Table 34.

Compliance is checked by inspection or with the hot flaming oil test in 5.2.5.6, in case the fire
enclosure is designed differently than as described above.

Not less Baffle plates (may be above or
than 2X below of fire enclosure)
. o
| | | | |
Bottom of fire enclosure /
[EC 1211/12
Figure 7 — Fire enclosure baffle constructian
Table 13 — Permitted openings in fire enclostire bottoms
Applicable to circular holes Applicable to other shaped openings
Megal bottoms Maximum diameter Minimum spacidg Maximum area Minimum spdcing
mininjum thickness of holes of holes centredo of openings bjorder
centré to borde
mm mm mm mm? mm
0,66 1,1 1,7 1,1 0,56
0,66 1,2 2,3 1,2 1,1
0,76 1,1 1,7 1,1 0,55
0,76 1,2 2,3 1,2 1,1
0,81 1,9 3,1 2,9 1,1
0,89 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
1,0 1,6 2,7 2,1 1,1
1,0 2,0 3,0 3,2 1,0
4.6.3.3/4 Doors or covers in fire enclosures

If part of a fire enclosure consists of a door or a cover leading to an operator access area, it
shall comply with one of the following requirements:
— the door or cover shall be provided with a safety interlock; or

— a door or cover, intended to be routinely opened by the user, shall comply with both of
the following conditions:

e it shall not be removable from other parts of the fire enclosure by the user; 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 an installer, such as for the installation of

accessories, is permitted to be removable provided that the equipment instructions include
directions for correct removal and reinstallation of the door or cover.
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Compliance is checked by inspection.

4.6.4 Temperature limits
4.6.4.1 Internal parts

Equipment and its component parts shall not attain temperatures in excess of those in
Table 14 when tested in accordance with the ratings of the equipment.

Compliance is checked by test of 5.2.3.10.
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Table 14 — Maximum measured total temperatures for internal materials and

components
Thermocouple | Rise of resistance
Materials and components method method
°C °C
1 Rubber- or thermoplastic-insulated conductors ® 75
2 Field wiring terminals and other parts that may contact the b
insulation of field wiring °
3 Copper bus bars and connecting straps ©
4 Tnsulation systems on magnetic components
Class A (105) 90 .\&
Class E (120) 105 (.OQ/HS
Class B (130) 110 <>\ 120
Class F (155) 130 /\(]/ 140
Class H (180) 156‘/ 165
Class N (200) %—) 175
Class R (220) 6\ 180 190
Class S (240) //() 195 205
5 Phenolic composition @ g\\v 165
6 On bare resistor material </ O 415
N
7 Capacitor ()Q f
8 Power electronic devices \ - 9
O
of Pwss SN h
72
10 Components bridging at least basic prote()@ f
11 Liquid cooling medium ) O.Q\ ‘
The |limitation on phenolic composition and% rubber and thermoplastic insulation does not apply to coipounds
which have been investigated and found@met the requirements for a higher temperature.
The |maximum terminal temperatur@uuld not exceed the temperature rating of the terminal and the insulation
temgerature rating of the conduc&?a\ able specified by the manufacturer (see 6.3.6.4).
The Imaximum permitted temperattre is determined by the temperature limit of support materials or insufation of]
connlecting wires or other ¢, ohents. A maximum temperature of 140 °C is recommended.
The |[maximum temper @s on insulation of magnetic components assume thermocouples are applied on the
surfdce of coils, and ake therefore not located on hot-spots. Rise of resistance method results in a measur¢ment of]
the qverage tempe re of the winding.
Thede limits aré¢extracted from the group safety standards IEC 61558-1 and IEC 61558-2-16 (safety df power
trangformers @ er supplies, reactors and similar products). For magnetic components, not covered by tHe scope
of IHC 61 eries, commitees for product standards may define other limits in accordance with IEC 60p85 and
IEC 30%(.
For EQ ponent, the maximum temperature specified by the manufacturer should not be exceeded.

The maximum temperature on the case should be the maximum case temperature for the applied power dissipation
specified by the manufacturer of power electronic devices.

The maximum operating temperature of the PWB shall not be exceeded.

The maximum temperature of the cooling medium, specified by the manufacturer of the medium or determined from
the known characteristics of the medium, should not be exceeded.



https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

- 76— IEC 61204-7:2016 EXV © IEC 2016

The resistance method for temperature measurement as specified in Table 14 consists of the

calcu

lation of the temperature rise of a winding using the equation:

At =r—f(k+t1)—(k+z2)
r

where:

At is the temperature rise;

r2

rq iIs the resistance at the beginning of the test in ohms;.
t1 Is the ambient temperature at the beginning of the test (°C);
t, Is the ambient temperature at the end of the test (°C);
k iIs 234,5 for copper, 225,0 for electrical conductor grade (EC) alumijnium; values g

Addi

4.6.4.1.100 Maximum temperature of internal parts

The maximum temperature of internal parts during normal operation shall not exceed 300

NOTE|

4.6.4.2 Accessible parts

In or
long-
the S

Whe

It is
func
cont
6.4.3
100

Prod
state

bla
I

oy dla al bl &
IS 1TSS IATNTuT at Uic T©IiTu Ul

P 1o
UIC TS 1T UTHNTTS,

tonstant for other conductors shall be determined.

jon:

Even if outlined differently in 4.6.4.1.

Her to limit the touch temperatures of saeeessible parts of SMPS, and to protect ag
term degradation of building materials,*the maximum temperature for accessible pa
MPS shall be in compliance with Table 15.

permitted that accessible parts that are required to get hot as part of their inte
on (for example heatsinks) may have temperatures up to 100 °C, if the parts are 1
ct with building\materials upon installation, and are marked with the warning giv
4. For products’/only for use in a restricted access area, the temperature may ex
C.

température limits for specific products and environmental conditions.

f the

ainst
ts of

h surface temperatures of the-SMPS, close to mounting surfaces, exceed the limit of
Tabl¢ 15, a warning according t6%6.3.5 shall be provided.

hded
ot in
BN in
ceed

Lict capmittees using this standard as a reference document shall consider the sfeady

These limits are in addition to applicable limits in 4.6.4.1.
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Table 15 — Maximum measured temperatures for accessible parts of the SMPS

Limit
°C
Part Glass,
ar (Coated) metal® porcelain Plastic
and
. and rubber
vitreous
1 2 3 4 material

User operated devices (knobs, handles,
swm_:hes, dlsplays, etc.). which are held 55 55 55 60 65 70
continuously during normal and single fault
conditforr(approx. 10°3)
User gperated devices (knobs, handles,
sw@ch ?s, dlsplays, etc.). which are held for short 60 70 65 85 75 0
periodp only, during normal and single fault
conditfon (approx. 1 s)®
Accessible enaclosure parts likely to be touched 65 75 70 90 80 5
(approix. 1's)
Encloqure parts where they contact building 90
materipls upon installation (continuously)
NOTE|1 In Table 15, the values for accessible parts are taken from IEC Guidé)117 (burn threshold). For|short-
duratign contact with user operated devices the values were reduced by 5 °Q tq allow for some margin. IEC|Guide
117 alpo provides values for burn thresholds for other coatings or materials¢
NOTE|2 The main figures of IEC Guide117 are reproduced in Annex J foy*information.
? Fo products intented and expected to be operated by childrefyand elderly persons the contact period pf IEC

Gyide 117:2010 Clause 6, Table 2 should be considered.
®  Copting of metal surfaces:

A W N

:Inone (bare metal)
:Jlac (50 um)
:|porcelain enamel (160 pum) / powder (60 up)

:lpolyamide 11 or 12 (400 pum)

NOTE|

Addi

Refer to 4.6.4.2.100 for specific)considerations made by the product committee.

ion

4.6.4.2.100 Maximum limit for accessible parts

Tem
othel

Tem

materials,

peratures exceeding the limits of Table 15 are acceptable up to a maximum of 100

one ¢f'the following conditions are met:

peratures shall not exceed 150°C for accessible parts made of wood and 100 °C for all

C, if

— an area on the external surface of the equipment that has no dimension exceeding 50 mm,

a

nd that is not likely to be touched in normal use; or

— accessible surfaces of the equipment requiring heat for the intended function (for example,
equipment that contains a document laminator, thermal print head, fuser heater, etc.), and
that are not likely to be touched in normal use; or

— heatsinks and metallic parts directly covering heatsinks, except those on surfaces
incorporating switches or controls handled during normal use.

For

these areas and parts, instructions and the caution marking for hot surfaces of
IEC 60417-5041 (see Annex C) shall be provided.
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Limited power sources

Where a limited power source is required, the source shall comply with Table 16 or Table 17
as applicable.

A lim

ited power source shall comply with one of the following requirements:

a) the output is inherently limited in compliance with Table 16; or

b) a linear or non-linear impedance limits the output in compliance with Table 16. If a positive
temperature coefficient device (e.g. PTC) is used, it shall pass the applicable

[2]

pecified in IEC 60730-1; or

tests

c) a
s
d) a
T

Whe
autof

A limpited power source operated from an a.c. mains supply, o

powe
incor

Com

regulating network limits the output in compliance with Table 16, both with and wi
ngle fault in the regulating network; or

h overcurrent protective device is used and the output is limited in cc;r\@hance
able 17.

e an overcurrent protective device is used, it shall be a fuse or a n'hn' adjustable,
eset, electromechanical device. Q

r source that is recharged from an a.c. mains supply v@le supplying the load,
porate an isolating transformer. N\
N

bliance to determine the maximum available powerQs %ecked by test of 5.2.3.9.

Table 16 — Limits for sources without.QQQovercurrent protective device

but a

with

non-

@battery operated lipited

shall

Output voltage?® Q)\ Output current ® ¢ Apparent power

v & I s

oc RN sc

Va.c. Vdec. .\Q,\\‘ A VA

<30Vr.m.s. . d.c. <8 <100

\\\
: (v <u,, <60 <150 / U, <100

sul
th

M4
posi

sq

: Output voltage mea%vd’ in accordance with 5.1.5.3 with all load circuits disconnected. Voltages 3
pstantially sinusoid . and ripple-free d.c. For non-sinusoidal a.c. and d.c. with ripple greater than 1
b peak, the peak vgltage shall not exceed 42,4 V

[ Maximum @’current with any non-capacitive load, including a short circuit.

VA): Max output apparent power in VA with any non-capacitive load.

asu@ nt of /,. and S are made 5 s after application of the load if protection is by an electronic circu
mperature coefficient device (e.g. PTC), and 60 s in other cases.

re for
% of

tora



https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

IEC 61204-7:2016 EXV © IEC 2016

—-79 -

Table 17 — Limits for power sources with an overcurrent protective device

Output voltage? Output current © d Apparent power © 9 Current rating of
overcurrent
Use I S protective device ¢
V a.c Vd.c. A VA A
<20 <20 <5,0
20< U, <30 20< U, <30 <1000/U,, < 250 <100/U,
- 30< U, <60 <100/U,

U__: Output voltage measured in accordance with 5.1.5.3 with all load circuits disconnected. Voltages are for

N

%3

af pllcatlon of the load.

s bstant|a|ly sinusoidal a.c. and ripple free d.c. For non-sinusoidal a.c. and for d.c. with ripple greater an
% of the peak, the peak voltage shall not exceed 42,4 V.

1 ]: Maximum output current with any non-capacitive load, including a short circuit, measured 60

=

¢ S[VA): Maximum output VA with any non-capacitive load measured 60 s after application(gl?réload.
4 Cfirrent limiting impedances remain in the circuit during measurement, but overcurrent«o ctive deviceslare

bypassed.

NPTE The reason for maklng measurements with overcurrent protective devic assed is to determifpe

the amount of energy that is available to cause possible overheating during th rating time of the

oYercurrent protective devices.
¢ The current ratings of overcurrent protective devices that break the circ@uﬁhm 120 s with a current equgl to

210 % of the current rating specified in the table. .

\Y
& ®)
4.7 | Protection against mechanical hazards Q
N
4.7.1 General b\
<
Failufe of any component within the SMPS>shall not release sufficient energy to lead|to a
hazafd, for example, expulsion of matgr@Snto an area occupied by personnel.
4\

4.7.2  Specific requirements fofliquid cooled SMPS
4.7.241 General \\0
NOTH e not
considered to be liquid cooli ystems in this standard. However, the possible failure of such components ghould

be co

4.7.2.2

The
durinlg st
specffi

sidered during the
Cool@(.
specifie

able 14.

N

it analysis of 4.2.

Sealed heat-pipe cooging,systems, used to transfer heat from a hot component to a heat sink, a

olant (see 6.2) shall be suitable for the anticipated ambient temperafures
€ and operation. Coolant temperature in operation shall not exceed the

limit

The coolant used in a cooling system shall be a refrigerant investigated for the purpose,
water, glycol, a mixture of water and glycol or non flammable synthetic oils.

Compliance is checked by inspection and test of 5.2.3.10.

NOTE Flammable coolants used in cooling systems are not covered by this standard.

4.7.2.3
4.7.2.3.1

General

Design requirements

The liquid containment system components shall be compatible with the liquid to be used.
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Equipment using liquids 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, vaporization, leakage, spillage or corrosion during normal operation, storage,
filling or emptying.

Compliance is checked by inspection.

The flexible hoses should be made of material free of conductive contaminents such as
carbon.

4.7.2:3-2— Corrosionresistance

All cpoling system components shall be suitable for use with the specified coolant. 'H\ey shall
be cIrrosion resistant and shall not corrode as a result of prolonged exposure t% coplant
N

and/¢r air.
>

Compliance is checked by inspection. /\ .
b‘,
Q

4.7.24.3.3 Tubing, joints and seals
N

Coollng system tubing, joints and seals shall be designeﬁd@ prevent leakage dpring
excufsions of pressure over the life of the equipment. Theg/ re cooling system inclliding
tubinig shall satisfy the requirements of the hydrostatic pressu test of 5.2.7.

@)
4.7.2.3.4 Provision for condensation QQ

Whefre internal condensation occurs during norm peration or maintenance, measures [shall
be tgken to prevent degradation of insulation.‘\ those areas where such condensatipn is
expefted, clearance and creepage distances@f Table 10 and Table 11 shall be evaluatpd at
least| for a pollution degree 3 environme $\§see Table 8), and provision shall be made to
prevént accumulation of water (for exan8§ by providing a drain).

R\
Compliance is checked by inspecti@

O
4.7.2.3.5 Leakage of cc@ﬁ&t

operdtion, servicing, osening or detachment of hoses or other cooling system parts during
the gxpected Iifetin(e'e a pressure relief mechanism is provided, this shall be located sq that
therd shall be nq@a age of coolant onto live parts when it is activated.

During a le e measures has to ensure that coolant will not result in wetting of live pafts or
electricaliinsulation.

Meagures shall be tak§§to prevent leakage of coolant onto live parts as a result of ngrmal

Comptrance s thecked by MSpectiomn.

4.7.2.3.6 Loss of coolant

Loss of coolant from the cooling system shall not result in thermal hazards, explosion, or
shock hazard. The requirements of the loss of coolant test of 5.2.4.9.4 shall be satisfied.

4.7.2.3.7 Conductivity of coolant

When the coolant is intentionally in contact with live parts (for example non-earthed
heatsinks), the conductivity of the coolant shall be continuously monitored and controlled, in
order to avoid hazardous current flow through the coolant.
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2.3.8 Insulation requirements for coolant hoses

When the coolant is intentionally in contact with live parts (for example non-earthed
heatsinks), the coolant hoses form a part of the insulation system. Depending on the location
of the hoses, the requirements of 4.4.7 for functional or simple or protective separation shall
be applied where relevant.

4.8

Equipment with multiple sources of supply

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

condjttors—aremet:

— sypply plug connections, if any, are not interchangeable if a hazard couId't\f@create
inporrect plugging; and Q

— hgzards, within the meaning of this standard, shall not be present undg’r. ormal or §

fault conditions due to the presence of multiple sources of su &y. Actions suc
dipconnection or de-energizing of a supply are considered a norm ndition.
N
Compliance is checked by the evaluation of 4.2. (b

Info
of s

Exa

a)

b)

c)
d)

e)

4.9

The
tran

NOT

— sgparate means of connection are provided for different circuits; and +

upply and disconnection procedures (see 6.5.5).

O

N

mples of the types of hazards that should be co@i ered are:

N\
Backfeed prevention — preventing voltage d@nergy available within the SMPS or o
itls sources from being fed back to any the input terminals for another source, ¢
directly or by a leakage path. B\
F
T

rotection against unintentional islapding.

that is a normal condition for\{~ quipment).

Hazard resulting from d?age to one or more connected sources (for examp
denerator) due to energff} m another source, for example the mains.

Oamage to wiring ‘to currents higher than the wiring is designed for flowing
another source. O

Protectio@@ainst environmental stresses

manufaqp%w has to specify the following service conditions for operation, storagsg

sport&)t@n:

rination is to be provided with the equipment indicating\& presence of multiple soyrces

ouch current levels may be&ﬁer with multiple sources connected simultaneoudly (if

d by

ingle
h as

he of
ither

e, a

from

and

:o&nt temperature (min/max);

ambient temperature (min/max);

humidity (min/max);

pollution degree;

vibration;

UV resistance;

OVC (overvoltage category);

altitude for thermal consideration, if rated for operation above 1 000 m;

altitude for insulation coordination considerations, if rated for operation above 2 000 m.

E Environmental categories as specified in the IEC 60721 series can be used where appropriate.
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The manufacturer shall state the environmental service condition for the SMPS according to
Table 18.

Where the SMPS complies with the requirements of this standard only at conditions higher
than the minimum values or lower than the maximum values given in Table 18, then this shall
be by agreement between the supplier and the customer. The specific conditions shall be
identified in the operating manual and on the product as specified in 6.3.3.

Table 18 — Environmental service conditions

Condition Indoor conditioned Indoor unconditioned Outdoor unconditioned
IEC 60721-3-3 IEC 60721-3-3 IEC 60721-‘33\
Climatic class 3K2 class 3K3 class
(Temperature: +15 °C to (Temperature: +5 °C to (Temperature; -g‘c to]|55 °C)
30 °C) 40 °C)

(Humidity: 10 to 75 % R.H.
non-condensing)

(Humidity: 5 to 85 % R.H. /
non-condensing)

(Humidi M410100 % R.H. /
densing)

-
.

Pollution degree 2 3° Qb( 4°
)

Humidit dry waterwet® QD salt water wet®
conditioph of the O
skin ‘Qv'
Chemicdlly class 3C1 class 3C1 5\\ class 4C2
ac"t:"f I (No salt mist) (No salt prist (Salt mist)®
substanges PA
Mechanially class 381 class 351 class 4S2
active . .
substantes (No requirement) (l;l‘i%gmrement) (Dust and sand)
Mechanifal class 3M1 “class 3M1 class 4M1

(Vibration: 1 m/s?) \"Q(Vibration: 1 m/s?) (Vibration: 1 m/s?
Biologicpl class 3B1 @ class 3B1 class 4B2

P,
~ (No requirement) (Mould/fungus/rodents/tgrmites)

(No requirement) A.\<

Wherfe it is ensured that the equipment %@)not be used in water wet or salt water wet condition, the manpfacturer
may [choose to rate the equipment fQq a“less severe condition. In this case the rating shall be indicatgd in the
docufnentation, according to 6.3.3. . O

Pollufion degree 2 may be provid@he conditions in 4.4.7.1.2 are satisfied

Pollujion degree 2 or 3 may e provided if the enclosure provides sufficient protection against conductive
and the conditions in 4.4.7. % re satisfied

pollution

C)U
Compliance is@ked by test of 5.2.6.

4.10 Pr@&tion against sonic pressure hazards
4.10.1\<<General

The equipment shall provide protection against the effects of sonic pressure. Compliance
tests are carried out if the equipment is likely to cause such hazards.

4.10.2 Sonic pressure and sound level

If equipment produces noise at a level which could cause a hazard, the noise shall be
measured to determine the maximum sound pressure level which the equipment can produce
(except that sounds from alarms are not included). If the measured sound pressure exceeds
70 dBA the documentation shall provide information regarding the sound level of the
equipment.

Compliance is checked by inspection, measurement, and calculation of the maximum sound
pressure level in accordance with ISO 3746 or ISO 9614-1.
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4.11 Wiring and connections
4.11.1 General

The wiring and connections between parts of the equipment and within each part shall be
protected from mechanical damage during installation. The insulation, conductors and routing
of all wires of the equipment shall be suitable for the electrical, mechanical, thermal and
environmental conditions of use. Conductors which are able to contact each other shall be
provided with insulation rated for the DVC requirements of the relevant circuits.

The compliance with 4.11.2 to 4.11.8 shall be checked by inspection (see 5.2.1) of the overall

4 gl s o 'y H 4 L k.l
consgroctomanagatrasneetstapprcaTe:

<
4.11)2 Routing Q/+

A hoje through which insulated wires pass in a sheet metal wall within the osure df the
equipment shall be provided with a smooth, well-rounded bushing or grom or shall jhave
smogth, well-rounded surfaces upon which the wires bear to reduce the riék of abrasion df the
insulption. W
o
Wireg shall be routed away from sharp edges, screw threads(‘#’%rrs, fins, moving parts,
drawgrs, and similar parts, which abrade the wire insulatio@ he minimum bend radius
spec|fied by the wire manufacturer shall not be violated. s\\
Clamps and guides, either metallic or non-metallic, USQ or routing stationary internal wiring
shalllbe provided with smooth, well-rounded edges. clamping action and bearing sufface
shall|be such that abrasion, or deformation of the /ﬁiﬁon does not occur. If a metal damp
is uspd for conductors having thermoplastic insy\ n less than 0,8 mm thick, non-conducting
mechanical protection shall be provided. e
)
4.11)3 Colour coding ®$
Insulpted conductors, other than thosé\which are integral to ribbon cable or multi-cord signal
cablg, identified by the colour gre&@with or without one or more yellow stripes shall onjy be
used|for protective equipotentjaebonding.

NOTE| The choice of green or g)een/yellow for the protective equipotential bonding is covered by n4gtional

reguldtions. :

4.11)4 Splices @connections

All dplices tﬁ*connections shall be mechanically secured and shall provide eledcfrical

contipuity.
o

rkg}'connections shall be soldered, welded, crimped, or otherwise securely connect
[ O C dll d omponer ONn d FPVVD d dUd onally pe e al dlly eCU

U
o
>

red.

NOTE Stranded wire should not be consolidated with solder where secured in a terminal that relies on pressure
for contact or equivalent

When stranded internal wiring is connected to a wire-binding screw, the construction shall be
such that loose strands of wire do not contact:

— other uninsulated live parts not always of the same potential as the wire;
— de-energized metal parts.
When screw terminal connections are used, the resulting connections may require routine

maintenance (tightening). Appropriate reference shall be made in the maintenance manual
(see 6.5.1).
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5 Accessible connections

In addition to measures given in 4.4.6.4 it shall be ensured that neither insertion error nor
polarity reversal of connectors can lead to a voltage on an accessible connection higher than
the maximum of DVC As. This applies for example to plug-in sub-assemblies or other plug-in
devices which can be plugged in without the use of a tool or key or which are accessible
without the use of a tool or key. This does not apply to equipment intended to be installed in
restricted access areas.

If relevant, non-interchangeability and protection against polarity reversal of connectors, plugs
and socket outlets shall be confirmed by inspection and trial insertion.

4.11)

In ad

for fhe interconnection between parts of the SMPS shall comply with\ the follg

requ

Cabl
equif
Cabl
provi

Misa

female connector other than the one intended to receive it, and other manipulations of

whic
thern

Whe

the ¢xternal surface of an enclosure, nocyisk of electric shock shall exist at acces

conta

NOTE]
discor

4.11.

The
of lo
insta

See

Addi

6 Interconnections between parts of the SMPS

dition to complying with the requirements given in 4.11.1 to 4.11.5, the me&ans pro

rements or those of 4.11.7.

b assemblies and flexible cords provided for interconnectiom\between section
ment or between units of a system shall be suitable for the 'service or use invQg
bs shall be protected from physical damage as they leave (the enclosure and shdg
ded with mechanical strain relief.

ignment of male and female connectors, insertion @©f a multipin male connector

 are accessible to the operator shall not result in mechanical damage or a ri
hal hazards, electric shock, or injury to persons:

h external interconnecting cables terminate in a plug which mates with a receptac

cts of either the plug or receptacle when disconnected.

An interlock circuit in the cable tosde-energize the accessible contacts whenever an end of the cg
nected meets the intent of these requirements.

7 Supply connections

bse strands reducing the spacing between conductors when careful attention is p4g
Jlation.

5.3.6.4 forymarking requirement and documentation.

iof:

ided
wing

s of
lved.
Il be

in a
barts
bk of

e on
sible

ble is

connection points-provided shall be of appropriate construction to preclude the possibility

id to

4.11.7.100 Connection by mains supply cord

Mains supply cords shall comply with 7.9.

Pluggable equipment type A configurations shall be used only, if touch currents are within

the li

mits outlined in 4.4.5.102.

4.11.8 Terminals

4.11.8.1 Construction requirements

All parts of terminals which maintain contact and carry current shall be of metal having

adeq

uate mechanical strength.
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Terminal connections shall be such that the conductors can be connected by means of
screws, springs or other equivalent means so as to ensure that the necessary contact
pressure is maintained.

Terminals shall be so constructed that the conductors can be clamped between suitable
surfaces without any significant damage either to conductors or terminals.

Terminals shall not allow the conductors to be displaced or be displaced themselves in a
manner detrimental to the operation of equipment and the insulation shall not be reduced
below the rated values.

The fequirements of this subclause are met by using terminals complying with IEC 6094f-7-1
or IE[C 60947-7-2, as appropriate.

4.11[8.2 Connecting capacity

Terninals shall be provided which accommodate the conductors specified in the installption
and [maintenance manuals (see 6.3.6.4) and cables in accordance_\with the wiring fules
applicable at the installation. The terminals shall meet the temperature\ise test of 5.2.3.1)0.

Inforpnation regarding the permitted wire sizes shall be given in theinstallation manual.

Stanflard values of cross-section of round copper conducters are shown in Annex G, which
also pives the approximate relationship between ISO mgjric’and AWG/MCM sizes.

Addition:

4.11)8.2.100 Terminals for external conductors

The fterminals shall be such that the external conductors may be connected by a means
(screws, connectors, etc.) which ensures that the necessary contact pressure corresponding
to the current rating and the short=circuit strength of the apparatus and the circyit is
mainfained.

Termlinals shall be capablel of accommodating copper conductors from the smallest t¢ the
largelst cross-sectional areas corresponding to the appropriate rated current (see Annex|AB),
except the manufacturer' allows different configurations (e.g. material, type, sizes| and
conngection methods) in/the accompanying documents.

4.11)8.3 Connection

Terminals fexConnection to external conductors shall be readily accessible during installation.

Sets|ofiterminals for connection to the same input or output shall be grouped togetheq and
shall be located in proximity to each other and to the main protective earthing terminal, if any.
If the installation instructions provide detail on the proper earthing of the system, the
protective earthing terminal need not be placed in proximity to the terminals.

Clamping screws and nuts shall not serve to fix any other component although they may hold
the terminals in place or prevent them from turning.

4.11.8.4 Wire bending space for wires 10 mm? and greater

The distance between a terminal for connection to the main supply, or between major parts of
the SMPS (for example a transformer), and an obstruction toward which the wire is directed
upon leaving the terminal shall be at least that specified in Table 19.
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Table 19 — Wire bending space from terminals to enclosure

Size of wire Minimum bending space, terminal to enclosure
mm? mm
Wires per terminal
1 2 3
10 to 16 40 - -
25 50 - -
35 65 - -
56 +25 +25 80
70 150 150 190,\3
95 180 180 2
120 205 205 '\@30
150 255 255 ‘LQ 280
185 305 305 V:\ T 330
240 305 305 (IS) 380
300 355 405 (b'\ 455
350 355 405 , 510
400 455 4§i\<</ 560
450 455 485 610
\
4.12| Enclosures \§\Q
4121 General Q;\
The following requirements are in additio §enclosure requirements given in other sedtions
relating to specific hazards, for exampl ctric shock hazard in 4.4 and fire hazard in 4.6.
4\
Enclgsures shall be suitable for L)s@ in their intended environments. The manufacturer [shall
spec|fy the intended environm%&(see 6.3.3) and the IP rating of the enclosure (see 5.p.2.3
for te

Equi

st). C)\\

bment shall have @eduate mechanical strength and shall be so constructed that no
hazafd occurs whe jected to handling as may be expected.

anical st@\ tests are not required on an internal barrier, screen or the like, pro
et the r@ irements of 4.6.3, if the enclosure provides mechanical protection.

ided

e of

ané&re shall be sufficiently complete to contain or deflect parts which, becaus
oY for other reasons, might become loose, separated or thrown from a moving part

Compliance shall be checked by the relevant tests of 5.2.2.4 to 5.2.2.7 as specified. If the
enclosure complies with the applicable thickness requirement of 4.12.3 or 4.12.4 the test in

522

4.2 and 5.2.2.4.3 can be waived.

For open type equipment the tests of 5.2.2.4 to 5.2.2.7 are not required.

4.12.

2 Handles and manual controls

Handles, knobs, grips, levers and the like shall be reliably fixed so that they will not work
loose in normal use, if this could result in a hazard. Sealing compounds and the like, other
than self-hardening resins, shall not be used to prevent loosening. If handles, knobs and the
like are used to indicate the position of switches or similar components, it shall not be
possible to fix them in a wrong position if this could result in a hazard.
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Compliance shall be checked by inspection, and as applicable by the tests of 5.2.2.7.

4.12.3 Cast metal

Die-cast metal, except at threaded holes for conduit, where a minimum of 6,4 mm thickness is
required, shall be:

The

Mal

A s

thredded holes for conduit, where a minimum of 6,4 mm is uired.

The
con

steell and 1,2 mm thick for non-ferrous metah

Enclpsure thickness at points other tma%’ where a wiring system is to be connected sha

not

With|reference to Table 20 &}{dble 21, a supporting frame is a structure of angle or channel
or folded section of sheet m

the
app

with p frame of ang@ r channels has equivalent reinforcing.

Q‘<
4.12/4 Sheet metal Q

Constructioanﬁut supporting frame include:

not less than 2,0 mm thick for an area larger than 155 cm? or having any dimension larger

than 150 mm;

not less than 1,2 mm thick for an area of 155 cm?2 or less and having no dimension larger

than 150 mm.

Lrea under evaluation may be bounded by reinforcing ribs subdividing a larger ax.@

Iq

af least 2,4 mm thick for an area greater than 155 cm?2 or having an;&j{%énsion more
1150 mm;

Q
at least 1,5 mm thick for an area of 155 cm? or less havir(%";k dimension more
150 mm. C)

and-cast metal enclosure shall be a minimum of 3, thick except at location

thickness of a sheet-metal enclosure a \&ints to which a wiring system is t
nected shall be not less than 0,8 mm thick¢for uncoated steel, 0,9 mm thick for zinc-cq

l¢ss than that specified in TabL%gO or Table 21.

-

.

[, which is attached to and has the same outside dimensio
gnclosure surface, and which has torsional rigidity to resist the bending moments thg
lied by the enclos urface when it is deflected. A structure which is as rigid as one

3 sin@heet with single formed flanges — formed edges;

able iron or permanent-mould cast aluminium, brass, bronze, or zinc, exc t threpded
holeg for conduit, where a minimum of 6,4 mm thickness is required, shall bq,;I/Q

than

than

5 for

b be
ated

Il be

NS as
t are
built

al le sheet which is corrugated or ribbed;

an enclosure surface loosely attached to a frame, for example, with spring clips; and

an enclosure surface having an unsupported edge.

See Figure 8 for supported and unsupported enclosure surfaces.
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Top C

N

Side B
Rear A Supporting
flanges

Side B

2016

Each
For 4
of its
that

appli

able
adjaq
requ
with
meag
limitg

length in the maximum length coI\s@n is a numerical value, and the measured length

side
used

Tabl¢ 20 and Table 21 is to

For & supported surface, all of the table dimensi'o\ng, including the “not limited” lengthg

- 5
Bottorn€ / '\@Q/
= D

/\.

Figure 8 — Supported and unsupported enclosure@%"ts

ach set of surface dimensions, A, B or C, the width is th€_smaller dimension regar
orientation to other surfaces. In Table 20 and Table 21£6ere are two sets of dimen
correspond to a single metal thickness requirementiand the following describes
cable procedure for determining the minimum metéxr<th kness for each surface.

QO

to be applied. The rear surface “A”, top an ttom surfaces “C”, are supported eith
ent surfaces of the enclosure or by a .7 mm (1/2 inch) wide flange. To detern
red metal thickness for supported sur\§?es, the width is to be measured and comg
the table value in the maximum wji column that is equal to or greater tharn
ured width. When the correspo@jng length in the maximum length column is

enclosure surface is evaluated individually based on the Iéi;}h and width dimensfons.

lless
Bions
the

, are
br by
mine
ared

the
“not

When the measured | of the side exceeds the numerical value, the next line i

does not exceed this &ﬁl‘the minimum thickness from the far right column is
used.

&

d”, the minimum thickness in thefar right column is to be used. When the correspocquing

f the
o be
h the

ngth
front
by a
is to
5 not

For |an unsupporte @urface, only the table dimensions that include a specific Id
requirement are é)ed. The dimensions with a “not limited” length do not apply. The
edge| of the le d right surfaces “B”, are not supported by an adjacent surface or
flange. To d ine the required metal thickness for unsupported surfaces, the length

be measu nd compared with the table value in the maximum length column that i

less [tha e measured length, ignoring the “not limited” entries. When the corresponding
widtH e maximum width column is not less than the measured width, the minW-n

thick

for cio 3 1 + 2N P2 R V.VAZPNN idilb _of

um
face

. o frona th abt caoliionn o PR P~ +h raaaatirad aaidl £+ P
TOSS— ITUTT o rar gt COTaTT 1o to- oC—oSC U vV e oo o asorotvvroato T O oo~ ool

exceeds the value in the maximum width column, the next line in the Table 20 and Table 21 is

to be

used.
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Table 20 — Thickness of sheet metal for enclosures:
carbon steel or stainless steel

Without supporting frame ?* With supporting frame ? Minimum
thickness
Maximum width Maximum length Maximum width Maximum length
mm ° mm °© mm °© mm °© mm
100 Not limited 160 Not limited 0,6°
120 150 170 210
150 Not limited 240 Not limited 0,75 ¢
180 220 250 320
200 Not limited 310 Not Iimited 0,9
230 290 330 410 ,\S
320 Not limited 500 Not limited &
350 460 530 640 \(b
460 Not limited 690 Not limited (19 1,4
510 640 740 910 A
560 Not limited 840 Not limited Qb( 1,5
640 790 890 1090 7))
640 Not limited 990 Not Iinﬁgd\ 1,8
740 910 1040 1 6op
840 Not limited 1300 s\Wimited 2,0
970 1200 1370 , O" 1680
1070 Not limited 1630 <5< Not limited 2,5
1200 1500 1730 N Q 2130
1320 Not limited 2030, N Not limited 2,8
1520 1880 2 13&3\ 2620
1600 Not limited 2460 Not limited 3,0
1850 2 290 _~\2 620 3230
* Sde 4.12.4, R\¢
®  The width is the smaller dimension of a\'&tangular piece of sheet metal which is part of an enclosure. Adjjacent
suffaces of an enclosure are able to%ave supports in common and be made of a single sheet.
° Ndt limited applies only when t \ ge of the surface is flanged at least 12,7 mm or fastened to adjacent
suffaces not normally removedtin/use.
¢ SHeet steel for an encloi@q'n’tended for outdoor use should be not less than 0,86 mm thick.
U‘
@g
X
3
N
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Table 21 — Thickness of sheet metal for enclosures:
aluminium, copper or brass

Without supporting frame ?* With supporting frame * Minimum
thickness
Maximum width, Maximum length, Maximum width, Maximum length,
mm ° mm °© mm ° mm °© mm
75 Not limited 180 Not limited 0,6°
90 100 220 240

100 Not limited 250 Not limited 0,75
125 150 270 340
150 Not [imited 300 Not limited 0,9 A
165 200 380 460
200 Not limited 480 Not limited 2/
240 300 530 640 ,\CO
300 Not limited 710 Not limited (~[>3 1,5
350 400 760 950 A
450 Not limited 1100 Not limited QX 2,0
510 640 1150 1 400 ,\:],
640 Not limited 1500 Not limit&d) 2,4
740 1000 1600 2 060
940 Not limited 2 200 gg‘{%med 3,0

1100 1350 2 400 900

1300 Not limited 3100 <j< Not limited 3,9

1 500 1900 3 300 . Q 4100

* Sde4.12.4. \§\
b T acent

Su

° Nd

e width is the smaller dimension of a rectangular e of sheet metal which is part of an enclosure. Adj
(faces of an enclosure are able to have supportsiin common and be made of a single sheet.

t limited applies only when the edge of the s@ace is flanged at least 12,7 mm or fastened to adjacent

suffaces not normally removed in use. ’\
¢ Sheet aluminium, copper or brass for arenclosure intended for outdoor use should be not less than 0,74 jnm
thipk.
, 2
S
4.12/5 Stability test @\e’nclosure
Undgr conditions oiQy)rmal use, units and equipment shall not become physically unstafjle to
the degree that could become a hazard to an operator or to a service person.
If unjt S|gned to be fixed together on site and not used individually, the stabilfty of
each

n& al unit is exempt from the requirements of 4.12.5.

The reqwrements of 4.12.5 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,
either be automatic in operation, or a marking shall be provided to instruct the service person

to de

ploy the stabilizing means.

Compliance is checked by test of 5.2.2.5.

shall
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5

Test requirements

The provisions of Clause 5 of IEC 62477-1:2012 apply, except as follows.

5.1

5.1

General

A1 Test objectives and classification

Testing, as defined in this Clause 5, is required to demonstrate that SMPS is fully in
accordance with the requirements of this standard. Testing may be waived if permitted by the
relevant requirements subclause of Clause 4.

The

SMPS. The tests are classified as:

The

type tests;

rputine tests;

n

ample tests.

manufacturer and/or test house shall ensure that the specifieG~maximum and/or mini

envionment (or test) values are imposed, taking tolerances afid measurement uncertai
fully |nto account.

WARNING! These tests can result in hazardous situdtions. Suitable precautions sh3
taken to avoid injury.

5.1.

2 Selection of test samples

When testing a range or series of similar pgdducts, it may not be necessary to test all m
in the range. Each test should be perforhed on a model or models having mechanica
electfical characteristics that adequatelyrepresent the entire range for that particular test

subclauses in this Clause 5 describe the procedures to be adopted for the, testing of

mum
nties

Il be

bdels
and

NOTE| For example, tests on enclosures™ef’'the same material but different sizes can be represented by a [single
enclogure but tests on power componehts that are different ratings often cannot be represented by testing g
particyilar model.

5.1.

3 Sequence of tests

In ge¢neral, there is~-ho requirement for tests to be performed in a set sequence, nor
required that they are all performed on the same sample of equipment. However, the
criteffia for someof the tests require that they are followed by one or more further tests.

5.1.

4 Earthing conditions

n one

is it
pass

Test|reguirements shall be determined using the worst-case (most stressful) system ear
allowed by The manuiaciurer. Systems earthing may incliude:

5.1.

5.1.

thing

neutral to earth;
line to earth;
neutral to earth through high impedance;

isolated (not earthed).
5 General conditions for tests

5.1 Application of tests

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

repefited T the equipment:

Whe
inspH
releyv
type

5.1.5.3 Operating parameters for tests

Excel
clear
unde]
the f

— @djustment of thermostats, regulating devices or similar controls in restricted ad

NOTE]
differs
60 HZ

necespary.

ction or by testing of properties, it is permitted to confirm compliance by, feyiewing
ant data or previous test results that are available instead of carrying @ut‘the spe
fests. See also 4.1.

pt where specific test conditions are stated elsewhere in the) standard and wherg

r the most unfavourable combination within the manufacidter's operating specificatio
bllowing parameters:

bupply voltage;

supply frequency;

pbperating temperature taking derating and ceoling control characteristic into account;
bhysical location of equipment and position of movable parts;

bperating mode;

oad conditions;

brea, which are:
adjustable without the-Use of a tool or key; or

adjustable usin@~a@ means, such as a key or a tool, deliberately provided fo
operator.

In determining“he most unfavourable frequency for the power to energize the equipment unde
nt rated freQuencies within the rated frequency range should be taken into account (for example, 50 H
) but carisideration of the tolerance on a rated frequency (for example, 50 Hz + 0,5 Hz) is not no

e in this standard compliance of materials, components or sub-assemblies is €heckgd by

any
cified

it is

that there is a significant impact on the results of the test, the tests shall be condycted

hs of

cess

the

test,
z and
Frmally

Addi

ion;

5.1.5.3.100 Standard test conditions

SMP

S shall be tested at least for the following conditions:

a) indoor use;

b) a
c) a

Ititude up to 2 000 m;
mbient temperature from 5 °C to 30 °C;

d) maximum relative humidity: 10 % to 75 % R.H. non-condensing;

e) mains supply voltage fluctuations as stated under 5.1.5.3.101;

f) transient overvoltages of category Il on the mains supply;

g) p

ollution degree 2.
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Increased specifications can be used, based on manufacturers declaration.

5.1.5.3.101 Supply voltage

Unless specifically stated for a test, in determining the most unfavourable supply voltage for a
test, the following variables shall be taken into account:

— multiple rated voltages;

— extremes of rated voltage ranges; and

— tolerance on rated voltage as declared by the manufacturer.

Unless the manufacturer declares a wider tolerance, the minimum tolerance shall be takén as
+10 % and -10 % for AC mains supply and +20 % and -15 % for DC mains+supply.
Equipment intended by the manufacturer to be restricted to connection to a conditiohed pjower
supply system (for example, a UPS) may be provided with a narrower tolerance if the
equipment is also provided with instructions specifying such restriction.

5.1.5.3.102 Electrical measuring instruments

readings, taking into account all components (DC, mains frequency, high frequency| and

Elejrical measuring instruments shall have adequate bandwidth® to provide acclrate
harmonic content) of the parameter being measured.

If an|RMS value is measured, care shall be taken that thé_measuring instrument gives g true
RMS|reading of non-sinusoidal waveforms as well as sinusoidal waveforms.

Meagurements are made with a meter whose input impedance has a negligible influende on
the measurement.

5.1.¢ Compliance

Compliance with this standard shall b& verified by carrying out the appropriate tests spegified
in this Clause 5.

Compliance may only be claimed if all relevant tests have been passed.

Compliance with constfuction requirements and information to be provided by| the
manyfacturer shall.\be verified by suitable examination, visual inspection, apd/or
meagurement.

Whenever degsign or component changes have potential impact upon compliance, new|type
testing shalsbe performed to confirm compliance. It is desirable that the modified pr¢duct
shouid be_identified, for example by using a suitable date code or serial number as descfibed

in 6.

5.1.7 Test overview

Replacement:

Table 22 provides an overview of the type, routine and sample testing of electronic
components, equipment and SMPS.
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Table 22 — Test overview

Test Type Routine | Sample Requirement(s) Specification
Visual inspection X X X 5.2.1
Mechanical tests 5.2.2
Clearance and creepage X 4471,4.475 5.2.2.1
distances test
Non-accessibility test X 4433,451.1,4.6.3.3.2 | 5.2.2.2
Ingress protection test (IP X 4121 5.2.2.3
rating)
HBnclosure integrity test X 4.12.1 5.2.2.4
Deflection test X 4.12.1 5.2,2/4:2
Yteady force test, 30 N X 4.12.1 522422
Yteady force test, 250 N X 4.12.1 5.2.2.4.2.3
Inpact test X 4.12.1 5.2.2.4.3
OQrop test X 4121 5.2.24.4
Jtress relief test X 4121 5.2.2.4.5
tability test X 4.12.1 5.2.2.5
Vall or ceiling mounted X 4.12.1 5.2.2.6
dquipment test
Handles and manual control X 4421 5.2.2.7
securement test
Elecfrical tests 4.4.7.10 5.2.3
Impulse voltage test X X 4.43.2,4.45.4, 5.2.3.2
4.4.7.1,4.4.7.8.3,
4.4.7.10.1, 4.4.7.10.2
AC or DC voltage test X X 4.4.3.2,44.54,44.71, 5.2.3.4
4.47.8.4.2,4.4.7.10.1,
4.4.7.10.2,
Rartial discharge test X X 4.471,4.4.7.8.3, 5.2.3.5
4.4.7.10.2
Rrotective impedance test X X 4.4.5.4 5.2.3.6
Tlouch current measurement X 4.4.5.102 5.2.3.7
test
Gircuits with current X 4.45.102, 4.4.5.103 5.2.3.7.100
limitation
(Gapacitor dischatge test X 449, 445103 5.2.3.8,
5.2.3.8.100
lYimited power source test X 451.2,4.6.5 5.2.3.9
Tlemperature rise test X 4.6.4 5.2.3.10
Rrotective nqnipr\fnnfial X X 44422 b2 44
bonding test
Protective equipotential X X 5.2.3.11.3 5.2.4.3
bonding short circuit
withstand test
Input test X 6.2.100 5.2.3.100
Determination of working X 44223 5.2.3.101
voltage
Standard test procedure for X
separable thin sheet 4.4.7.8.3.100 5.2.3.102
material
Standard test procedure for X X
non-separable thin sheet 4.4.7.8.3.101 5.2.3.103
material
Mandrel test X X 4.4.7.8.3.101 5.2.3.104
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Test Type Routine | Sample Requirement(s) Specification
Insulated winding wires for X X X
use without interleaved 4.4.7.8.5.100 5.2.3.105
insulation

Abnormal operation tests 4.2 5.2.4
Setting of voltage selector X 4.2 5.2.4.1.100.2
Polarity test X 4.2 5.2.4.1.100.3
Output short circuit test X 4.3 5.24.4
Output overload test X 4.3 5.2.4.5
Breakdowmrof-components 7. 712 5240
test
HWB short circuit test X 4.4.7.7 5.24,7
loss of phase test X 4.2 5(2.4.8
Gooling failure tests X 4.2,4.7.2.3.6 5.2.4.9
Ihoperative blower test X 4.2 5.2.4.9.2
(¢logged filter test X 4.2 52493
Uoss of coolant test X 4.7.2.3.6 5.2.4.9.4
Transformer overload X 7.6 5.2.4.100
q ove_ring of ventilation X 4.2 5.2.4.101
dpenings
Huse test (AC fuse in DC X 5.2.4.2 i) 5.2.4.20)
dpplication)

Matgrial tests 5.2.5
High current arcing ignition X 4.47.8.2 5.2.5.2
test
Glow-wire test X 4.4.7.8.2 5.2.5.3
Hot wire ignition test X 4.4.7.8.2 5.2.5.4
Hlammability test X 4.6.3 5.2.5.5
Hlaming oil test X 4.6.3.3.3 5.2.5.6
(Gemented joints test X 4.4.7.9 5.2.5.7

Environmental tests X 4.9 5.2.6
Dry heat test X 4.9 5.2.6.3.1
Oamp heat test X 4.9 5.2.6.3.2
\Jibration test X 4.9 5.2.6.4
Jalt mist test X 4.9 5.2.6.5
Dust and sand test X 4.9 5.2.6.6

Hydfostatic pressure test X X 4.7.2.3.3 5.2.7

5.2 Test specifications
5.21 Visual inspections (type test, sample test and routine test)
Visual inspections shall be made:

— as routine tests, to check features such as adequacy of labelling, warnings and other
safety aspects;

— as acceptance criteria of individual type tests, sample tests or routine tests, to verify that
the requirements of this standard have been met.

Routine inspections may be part of the production or assembly process.
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Before type testing, a check shall be made that the SMPS delivered for the test is as expected
with respect to supply voltage, input and output ranges, etc.

5.2.2 Mechanical tests
5.2.2.1 Clearances and creepage distances test (type test)

Replacement:

It shall be verified by measurement or visual inspection that the clearance and creepage
distances comply with 4.4.7.4 and 4.4.7.5. See Annex D for measurement examples.

5.2.2.2 Non-accessibility test (type test)

This [test is intended to show that live parts, protected by means of enclosures oy barrigrs in
compliance with 4.4.3.3, are not accessible.

This [test shall be performed as a type test of the enclosure of a SMPS as specifi¢d in
IEC 0529 for the enclosure classification for protection against accé&ss to hazardous pgarts.
Except as noted below:

—

he test probe for IP3X (2,5 mm @) shall not penetrate the fop surface of the enclgsure
hen probed from the vertical direction £5 © only.

=

The {est probes are reproduced in Annex M for convenignce.

5.2.2.3 Ingress protection test (IP rating) (type test)

The ¢laimed IP rating of the enclosure shall be,verified. This test shall be performed as a| type
test ¢f the enclosure of a SMPS as specifieddn’IEC 60529 for the enclosure classification

5.2.2.4 Enclosure integrity test (type test)
5.2.241 General

The |ntegrity tests apply to SMPS, and also where SMPS are intended for operation withput a
further enclosure in restricted access areas. After completion of the integrity test, the JUMPS
shall|lpass the tests of 5.2.3:2 and 5.2.3.4 and shall be inspected to confirm that:

o degradation ¢f ;ahy safety-relevant component of the SMPS has occured;

nclosurés)show no cracks or openings which could cause a hazard;

n
— Hazardous lige\parts have not become accessible (see 4.4.3.3);
€
C

earghpes are not less than their minimum permitted values and other insulatipn is
undamaged;

— barriers have not been damaged or loosened;

— no moving parts which could cause a hazard are exposed.

The integrity tests shall be performed at the worst case point on representative accessible
face(s) of the enclosure.

The SMPS is not required to be operational after testing and the enclosure may be deformed
to such an extent that its original IP rating is not maintained.
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5.2.2.4.2 Deflection test (type test)

5.2.2.4.21 General

If requested by 4.12.1 the test in 5.2.2.4.2.2 and 5.2.2.4.2.3 applies, for metallic enclosure, as

appli

cable.

The enclosure shall be held firmly against a rigid support.

The tests are not applied to handles, levers, knobs or to transparent or translucent covers of
indicating or measuring devices, unless parts at hazardous voltage are accessible by means
of thé¢Testfinger (Figure Z, test probe B of [EC 61032:1997) it the handle, lever, knob ot ¢over

is re

oved. Q/+

During the tests of 5.2.2.4.2.2 and 5.2.2.4.2.3, earthed or unearthed conduct'\feenclo\ ures

shalllnot reduce clearance and creepage distances required for basic insulafioyn” or withgtand
the impulse voltage test in 5.2.3.2. ,\?‘l/

b‘/
5.2.2.4.2.2 Steady force test, 30 N (19

N
Partd of an enclosure located in an restricted access area, which@e protected by a cover or
door|meeting the requirements of 5.2.2.4.2.3, are subjected steady force of 30 N 4 3 N
for a|period of 5 s, applied by means of a straight unjointe sion of the test finger (F|gure
2, test probe B of IEC 61032:1997), to the part on or withi e equipment.
5.2.2.4.2.3 Steady force test, 250 N QQ
\

Extefnal enclosures are subjected to a stead s@\'ce of 250 N £ 10 N for a period of| 5 s,
applied in turn to the top, bottom and sides of@e enclosure fitted to the equipment, by means

of a

Howgver, this test is not applied to the b

mor¢g than 18 kg or to surfaces that ar&\%ounted to a wall.

a sui

O
For qurfaces neither horizontal Qt@j\/ertical, test shall be performed by tilting the equipmgnt in

[able way so that the sur{&@ is either horizontal or vertical.

O

5.2.2.4.3 Impact teé\(‘type test)

Exte
haza

A sa
unre
50 m

Fdous parts& ested as follows.

mple ¢ %Ting of the complete enclosure, or a portion thereof representing the la

throdgh 4 vertical distance (#) of 1.3 m (see Figure 9) onto the sample. Vertical surface
exempt from this test.

nal polymeric@faces of enclosures, the failure of which would give acceds to

suitable test tool providing contact o@’ a circular plane surface 30 mm in diameter.
om of an enclosure of equipment having a majss of

rgest

rea, is supported in its normal position. A solid smooth steel ball, approximjately
iameter and with a mass of 500 g + 25 g, is permitted to fall freely from| rest

p are

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 9) onto the
sample. Horizontal surfaces are exempt from this test. Alternatively, the sample is rotated 90°

abou

t each of its horizontal axes and the ball dropped as in the vertical impact test.

The test is not applied to flat panel displays or to the platen glass of equipment.
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Steel ball
start position

Steel ball

Steel ball

impact position

/ start position

NONN NN NN NN N NN NN
\Rigid supporting surface\\\

H e
Test Test S
sample sample \ Steel ball
impact position
Rigid supporting surface / Rigid supporting surface /
/////////////// % //g///ep///g///// %
IEC 1213
Figure 9 — Impact test using a steel ball
5.2.24.4 Drop test

Plugg@ble hand-held, direct plug-in and transportable equipmert with mass of 18 kg or Ig

subijd

cted to the following test.

Ss is

A sample of the complete equipment is subjected/td” three impacts that result from being

drop
adve

The
Addi

5.2.2

A 50
base

5.2.2

Encl
shrin
moul
redu

bed onto a sufficiently rigid horizontal surfa¢e in positions likely to produce the
Fse results.

height of the drop shall be 1 000 mm,

jon:

.4.4.100 Drop test surface

mm thick hardwood board having a density of more than 700 kg/m3 lying flat on a
such as concrete,sis'considered to be sufficiently rigid for the drop test.

.4.5 Stress relief test

bsures of\moulded or formed thermoplastic materials shall be so constructed tha

kage «Or-distortion of the material due to release of internal stresses caused by
ding._or forming operation does not result in the exposure of hazardous parts or i
Ctiohr of creepage distances or clearances below the minimum required.

most

rigid

any
the
h the

Compliance shall be checked by the test procedure described below or by the inspection of

the c

onstruction 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 (according to IEC 60216-4-1) at
a temperature 10 K higher than the maximum temperature of the enclosure during the test of
5.2.3.10, but not less than 70 °C, for a period of 7 h, then permitted to cool at room

temp

erature.

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 complete 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.
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5.2.2

— 99 —

.5 Stability test

To prove the stability of the equipment the following tests shall be carried out, where relevant.
Each test is carried out separately. During the tests, reservoirs are to contain the amount of
liquid 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 leveling of the unit.

A unj

nor
multif
cons

A flo
20 %
upwae
MOoVE
unfa

A flo
the p
at a
800

12,5
tool

unev,

5.2.2

The

al upright position. Doors, drawers, etc., are closed during this test. A unit provi
positional features shall be tested in the least favourable position perml@ by

ruction.

'\

pbr-standing unit having a mass of 25 kg or more shall not fall over w eﬁba force eqy
of the weight of the unit, but not more than 250 N, is applied in a y direction e
rds, at a height not exceeding 2 m from the floor. Doors, drawexs} etc., which m4g
d for servicing by the operator or by a service person, @ placed in their
ourable position, consistent with the installation instructions. (b

pr-standing unit shall not fall over when a constant dowﬁ(ﬁrd force of 800 N is appli
oint of maximum moment to any horizontal surface 061 east 12,5 cm by at least 2(
height up to 1 m from the floor. Doors, drawers, are closed during this test.
N force is applied by means of a suitable test tQ/@
cm by 20 cm. The downward force is applle ith the complete flat surface of thg
n contact with the equipment under test; test tool need not be in full contact
en surfaces (for example, corrugated or curved surfaces).
&
.6 Wall or ceiling mounted equ@ment test

equipment is mounted in accor&nce with the manufacturer's instructions. A for

addiffjon to the weight of the equi
the gquipment, for 1 min. The
equipment but not less tha

rem

5.2.2

Hang
hand

nt is applied downwards through the geometric cen
itional force shall be equal to three times the weight d
. The equipment and its associated mounting means
in secure during the te

3\

Qoﬁable 23 — Pull values for handles and manual control securement

al to
cept
y be
most

ed at
cm,
The

aving a flat surface of approximjately

test
with

Ce in
re of
f the
shall

.7 Handles manual controls securement test
les and m | controls shall be tested by manual test and by trying to remov¢ the
le, knob or lever by applying for 1 min an axial force as shown in Table 23.

AXTar pun UllllKer Axtat pun IIKely
N N
Ibntented for operation | Fingers 1 hand 2 hands Fingers 1 hand 2 hands
y
Operating means of 15 100 200 30 150 300
components@
Other 20 150 300 50 200 450

a

Handles, knobs, grips levers and the like intented to operate components, such as valve controls,
electrical switch handles etc.

Under the tests above the handles, knobs, grips levers and the like shall remain fixed to the

equipment as intended.
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5.2.3 Electrical tests
5.2.3.1 General

The electrical tests described in 5.2.3.2 to 5.2.3.5 are applicable to basic, supplementary and
reinforced insulation. Before performing these tests, preconditioning according to 5.2.6.3.1
and 5.2.6.3.2 is required.

When performing electrical and preconditioning tests, the preferred procedure is to test the
entire equipment; however it is acceptable to test the components or sub-assemblies
providing the baSIC and re/nforced /nsu/at/on When components or sub assembhes are

testeps  the
equipment at the place of /nsta//at/on

5.2.3.2 Impulse voltage test (type test and sample test) '\('O

The |mpulse voltage test is performed with a voltage having a 1,2/50 us form (se¢ 6.1

and 6.2 of IEC 61180-1:1992) and is intended to simulate overvoltages o(htmospherlc ofigin.
It alsjo covers overvoltages due to switching of equipment. See Table&b{for conditions df the
impulse voltage test.

Test$ on clearances smaller than required by 4.4.7.4 and tes o SO|Id insulation requirgd by
4.4.7].8 are performed as type tests using appropriate voltag\ om Table 25.

Test$ on components and devices for protective separétion are performed as a type tesf and
a sample test before they are assembled into the S , using the impulse withstand voltages
listeq in column 3 or column 5 of Table 25. \

To epsure that surge protective devices (see@s) 7.2.2,4.4.7.2.3, 4.4.7.3) are able to reduce
the dvervoltage, the values of column 2 orx‘@umn 4 in Table 25, are applied to the SMAS as
a tyge test. The measured peak voItage@all not exceed the next lower voltage value df the
samg column of that table. A\

If it is necessary to test a cl ;Eronce that has been designed according to 4.4.7.4./1 for
altitudes between 2 000 m d,20 000 m (using Table A.2 of IEC 60664-1:2007, whith is
reprqduced as Table E.1) st a clearance designed according to 4.4.7.11 for frequencies
above 30 kHz, the apprqpriate test voltage may be determined from the clearance distance,
using Table 10 in rev%§
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Table 24 — Impulse voltage test

Subject

Test conditions

Test reference

IEC 61180-1:1992, 6.1. and 6.2; IEC 60664-1:2007: 6.1.3.3 1

Requirement reference

According to 4.4.3.2, 4.4.5.4 and 4.4.7

Preconditioning

Precondition according to 5.2.3.1

Live parts belonging to the same circuit shall be connected together. Protective
impedances may be disconnected unless required to be tested. Impulse voltage
be applied: 1) between circuit under test and the surroundings; and 2) between
circuits to be tested. Power is not applied to circuits under test.

to

Initiall measurement

According to specification of SMPS, component, or device.

Test ¢quipment

\
~
Impulse generator 1,2/50 us with an output impedance not higher than: +
— 2 Q for surge protective devices; Q/

— 2Q for testing clearances, solid insulation and comw’}nts. A

igher
impedance, but not more than 500 Q, may be chosen, if t pulse voltgge is
verified at the object under test. o

Measprement and a) Qb‘ b)

verifi¢ation ) (l/ ) )
Clearances smaller than required by Compond\t and devices for protecfive
Table 10 separati
Clearances reduced by surge protective
device or by circuit characteristics g/ . . .

Solid reinforced insulation
Solid basic or supplementary insulation, ([)
Three pulses 1,2/5@f each polarity in > 1 s interval,
peak voltage (x5 %) according to:
Test yoltage Column 2 or column 4 of Tat&@ | Column 3 or column 5 of Table 25
@

Altitugle correction When the test is carrj \6ut on a clearance at an altitude less than 2 000 m, the test
voltage shall be in sed according to Table F.5, 6.1.2.2.1.1, of IEC 60664-1:2/007,
which is reprodu as Table E.2 in this standard.

The altitude @'ection factor does not apply to impulse voltage testing on solid
insulation\i&c rding to 6.1.3.3.1 of IEC 60664-1:2007.
N

The jimpulse voltage t is successfully passed if no puncture of insulation, flashovgr, or

sparkover occurs. In case of components and devices which use solid insulatiop for

protdctive separati@ subsequent partial discharge test (see 5.2.3.5) shall also be pasded.

O 3
D
\<</C)
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Table 25 — Impulse test voltage

Column 1 2 3 4 5
Impulse withstand voltage for insulation Impulse withstand voltage for insulation
between circuits connected to non- between circuits connected to mains
System voltage mains supply and their surroundings supply and their surroundings according
(see 4.4.7.1.6) according to overvoltage category Il to overvoltage category Il
Basic or Reinforced Basic or Reinforced
supplementary supplementary
\Y \Y \Y \ Vv
50 500 800 800 1500
100 800 1500 1500 2 500
150 1500 2500 2500 4000
300 2500 4 000 4 000 6 000
600 4000 6 000 6 000 8 000
1000 6 000 8 000 8 000 12 000
- Interpolation is permitted Interpelation is not permitted

NOTE 1 Test voltages for overvoltage categories | and Il can be derived in a similar way from Table 9.

NOTHE 2 Test voltages for overvoltage categories Il and IV can be derived(in & similar way from Table 9.

5.2.3.3 Alternative to impulse voltage test (type.test and sample test)

An ajc. or d.c. voltage test according to 5.2.3.4 may-be used as an alternative method tp the
impulse voltage test of 5.2.3.2.

For gn a.c. voltage test the peak value of e a.c. test voltage shall be equal to the impulse
test yoltage of Table 25 and applied for three cycles of the a.c. test voltage.

For g4 d.c. voltage test the average walue of the d.c. test voltage shall be equal to the impulse
test yoltage of Table 25 and appljed three times for 10 ms in each polarity.

See |EC 60664-1:2007, 6.1.22.2, for further information.

5.2.3.4 AC or DC(voltage test (type test and routine test)
5.2.3.4.1 Purpose of test

Replacement:

The test,is used to verify that solid insulation of components and assembled SMPS |have

ade 1ata dialoctric ctranath 0 racict taminararm Avarualiaan canditicane
Juare-dielectric strengih-toresisttemporary-overvollage condilions:

5.2.3.4.2 Value and type of test voltage

The values of the test voltage for circuits connected to mains supply are determined from
column 2 or 3 of Table 26.

The test voltage from column 2 is used for testing circuits with basic insulation.

Between circuits with protective separation (double or reinforced insulation), the test voltage
of column 3 shall be applied for type tests. For routine tests between circuits with protective
separation the values from column 2 shall be applied to prevent damage to the solid insulation
by partial discharge.
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The values of column 3 shall apply to SMPS with enhanced protection according to 4.4.3.

For circuits connected to non-mains supply the test voltage shall be:

— For type testing circuits with simple separation, and for all routine testing: the temporary
overvoltage (a.c. r.m.s. or d.c.) as determined in 4.4.7.2.3.

— For type testing circuits with protective separation, and between circuits and accessible
surfaces (non-conductive or conductive but not connected to protective earth, protective
class Il according to 4.4.6.3): twice the temporary overvoltage (a.c. r.m.s. or d.c.) as
determined in 4.4.7.2.3.

For /rlvon-mains circuits, where temporary overvoltages are not present, the test voltaﬁs are
detemined from Table 27, based on the working voltage. Q:\~

The fest is performed between circuits and accessible surfaces of SMPS, vNSQh are |non-
condpctive or which are conductive but not connected to the PE conductor. (19

The Voltage test shall be performed with a sinusoidal voltage at 50 H b(GO Hz. If the cjrcuit
contains capacitors the test may be performed with a d.c. voltage of lue equal to the peak
valug of the specified a.c. voltage.

Table 26 — AC or d.c. test voltage for circ\@s connected
directly to mains suppg\

Z
Column 1 2 N | 3t
System voltage Voltage for type testing circuits WIQ Voltage for type testing circuits wjth
(see 4.4.7.1.6) simple separation, and for all routine protective separation, and betweg¢n
testing $\ circuits and accessible surfaces (non-
%) conductive or conductive but nj‘t:
\(\ connected to protective earth, protelctive
$\ class Il according to 4.4.6.3)
a.c.r.m.s - d.c. a.c. r.m.s. d.c.
v v I\ v v v
<50 1250 ) \O 1770 2 500 3 540
AN
N~
100 1 39.(§C) 1840 2600 3680
150 1‘3*59’ 1910 2700 3820
300 ,_\@1 500 2120 3000 4240
600 7 1800 2550 3 600 5090
1000 &\’ 2200 3110 4 400 6 220

Intergolation |s®‘ﬁtted

a Corre@\mg to 1 200 V + system voltage.

b A \)\ e source with a short circuit current of at least 0,1 A according to 5.2.2.2 of IEC 61180-1:1992 is|used

ol . .
fl.al s test.
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Table 27 — A.c. or d.c. test voltage for circuits connected to
non-mains supply without temporary overvoltages

Column 1 2° 3?
Working voltage Voltage for type testing circuits with Voltage for type testing circuits with
(recurring peak) simple separation, and for all routine protective separation, and between
(see 4.4.7.1.6.2) testing circuits and accessible surfaces (non-
conductive or conductive but not
connected to protective earth, protective
class Il according to 4.4.6.3)
a.c. r.m.s. d.c. a.c. r.m.s. d.c.
\Y, \Y, \Y, \Y \Y
<71 80 TT0 T60 220
141 160 225 320 ,.\‘Zsb
212 240 340 480 ~ (</ 680
330 380 530 760 y\‘() 1100
O
440 500 700 1 000 q>) 1400
600 680 960 1400 T\ 1900
1000 1100 1600 2 200 (\\)‘ 3200
1600 1800 2 600 2 9Qol 4200
2300 2 600 3700 ~ %200 5900
3000 3400 4800 {75400 7 700
4 600 5200 7 400 &N 8300 11 800
7 600 8 500 12 000 6, J 14 000 19 000
16 000 18 000 26000 <) 29 000 42 000
23 000 26 000 37 OOQ\\( 42 000 59 000
30 000 34 000 4800 54 000 77 000
38 000 43 000 \(\63)000 69 000 98 000
50 000 57 000 \\\'\80 000 91 000 130 000
60 000 70 000 :\g\‘ 99 000 109 000 154 000
Sy
Intergolation is permitted. O
b\
NOTIE Test voltages in this table are \L“ed upon 80 % of the withstand voltage for the corresponding cleararjce of
Tablg 10 as provided by Table A. C 60664-1:2007.
@ A Joltage source with a @{t circuit current of at least 0,1 A according to 5.2.2.2 of IEC 61180-1:1992 is|used
fof this test. O
r
Q\)
Routfne tests~are performed to verify that clearances have not been reduced during the
manyfactuei operations. Protective devices designed to reduce impulse voltages on the
circujts, inder test (see 4.4.7.2.2 and 4.4.7.2.3), and circuits belonging to monitorirlg or
prot circuits, not designed to sustain the test overvoltage for the duration of the|test,
shall e disconnectied in order 10 avoid damage and 10 ensure that the test voltage can be

applied without a false indication of failure.

5.2.3.43 Performing the voltage test

Replacement:

The test shall be applied as follows, according to Figure 10:

a) Test (1) between accessible conductive part (connected to earth) and each circuit
sequentially (except DVC As circuits). Test voltage according to Table 26, or Table 27,

column 2, corresponding to voltage of considered circuit under test.

Test (2) between accessible surface (non-conductive or conductive but not connected to
earth) and each circuit sequentially (except DVC As circuits). Test voltage according to
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b)

c)

For Rigure 10, refer to Figure 10 of IEC 62477-1:2012.

The {ests shall be performed with the doors of the enclosure cloSed.

Table 26 or Table 27, column 3 (for type test) or column 2 (for routine test), corresponding
to voltage of considered circuit under test.

Test between each considered circuit sequentially and the other adjacent circuits
connected together. Test voltage according to Table 26 or Table 27, column 2,
corresponding to voltage of considered circuit under test.

Test between DVC As circuit and each adjacent circuit sequentially. Test voltage
according to Table 26 or Table 27, column 3 (for type test) or column 2 (for routine test),
corresponding to the circuit with the higher voltage. Either the adjacent circuit or the DVC
As circuit may be earthed for this test.

Because circuits of DVC As and circuits of DVC C are typically separated from chassis

imsulation at voltages according to column 3 of Table 26 to Table 27. In these casep the
type test of insulation used for protective separation shall be performed at volages
according to column 2 of the appropriate table.

When the circuit is electrically connected to accessible cenductive parts, the voltage test is

not relevant, and may be omitted.

To cfeate a continuous circuit for the voltage test.on the SMPS, terminals, open contac|s on
switdhes and semiconductor devices, etc. shall.be bridged where necessary. Before tegting,
semifonductor devices and other vulnerable components within a circuit may be disconngcted

and/¢r their terminals bridged to avoid damage occurring to them during the test.

Wherever practicable, individual components forming part of the insulation under tesf, for
exanple interference suppression eapacitors, should not be disconnected or bridged bgefore

the test. In this case, it is recommended to use the DC test voltage according to 5.2.3.4.2

Whefe the SMPS is covered totally or partly by a non-conductive accessible surfage, a
conductive foil, to which«the test voltage is applied, shall be wrapped around this surfage for
testing. In this case,the insulation test between a circuit and non-conductive accegsible

surface may be performed as a sample test instead of a routine test.

Rout|ne testing.of'the assembled SMPS is not required if

pgrformed, and

It cean-bha daom

caroCc—ocC

rfFutine testing of all sub-assemblies related to the insulation system of the SMRS is

Pov-S 17 t final cccam bl
13 T

naot-compramicath H=v-S |
T T

o FRVVH | a
TotT oo oo STy v O CoOmpPTrom sttt

type testing of the fully-assembled SMPS was performed successfully.

Protective impedances according to 4.4.5.4 shall either be included in the testing or the
connection to the protectively separated part of the circuit shall be opened before testing. In
the latter case, the connection shall be carefully restored after the voltage test in order to
avoid any damage to the insulation. Protective screens according to 4.4.4.7 shall remain
connected to accessible conductive parts during the voltage test.

5.2.3.44 Duration of the AC or DC voltage test

The duration of the test shall be at least 60 s for the type test and 1 s for the routine test. The
test voltage may be applied with increasing and/or decreasing ramp voltage but the full
voltage shall be maintained for 60 s and 1 s respectively for type and routine tests.


https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

- 106 — IEC 61204-7:2016 EXV © IEC 2016

5.2.3.4.5 Verification of the AC or DC voltage test

The test is successfully passed if no electrical breakdown occurs during the test.

5.2.3.5 Partial discharge test (type test, sample test)

The partial discharge test shall confirm that the solid insulation (see 4.4.7.8) used in
components and sub-assemblies for protective separation of electrical circuits remains partial-
discharge-free within the specified voltage range (see Table 28).

This test shall be performed as a type test and a sample test. It may be omitted for insulating
matefrials which are not degraded by partial discharge, for example ceramics.

The partial discharge inception and extinction voltage are influenced by climatic_faCtors|(e.g.
temperature and moisture), equipment self heating, and manufacturing tolerance. These
influgncing variables can be significant under certain conditions and shall thérefore be tfaken
into account during type testing.
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Table 28 — Partial discharge test

Subject

Test conditions

Test reference

6.1.3.5 of IEC 60664-1:2007

Requ

irement reference

4.4.7.8

Preconditioning

Precondition according to 5.2.3.1
Live parts belonging to the same circuit shall be connected together.

It is recommended that the partial discharge test is performed after the impul

se

voltage test (see 5.2.3.1) in order that any damage caused by the impulse voltage

test is apparent.

It is advisable that the partial discharge test is performed before insertin [:
components or devices into the equipment because partial discharge testi
not normally possible when the equipment is assembled.

is

Initial measurement According to specification of component or device. ,\(O

Test pquipment Calibrated charge measuring device or radio interference mefﬁ})/ithout weighting
filters. /\' .

Test pircuit C.1 of IEC 60664-1:2007. Qb(

Test joltage The peak value of a.c. 50 Hz or 60 Hz. ,\(1/

Test method 6.1.3.5 of IEC 60664-1:2007: F, = 1,2, F,, F5 = ‘.QS. Test procedure 6.1.3.53 of
IEC 60664-1:2007.

Calibfation of test equipment | C.4 of IEC 60664-1:2007. &\Q/

N

Meagurement Starting from a voltage below the r ecQartial discharge test voltage Uy °, the
voltage shall be linearly increase 1,875 times Upy and held for a maximum
time of 5 s.
The voltage shall then be li \rly decreased to 1,5 times Upp (+ 5 %) and hefd for

I a maximum time of 15 s, 6\ g which the partial discharge is measured.
Verification

The test shall be con%%ted to have been successfully passed if the partial
discharge is less thah 0 pC during the measurement period

2 S

1,875
N
|

. |
|

N “15 Upp p———f-4———-————4——~

S

t

le—<55—>!

IEC 1215/12

NOTE Partial discharge testing of solid insulation with a d.c. working voltage according to A.6.3 can be omitted

a

The rated partial discharge test voltage U is the recurring peak voltage measured across the insulation.

5.2.3.6

Protective impedance test (type test and routine test)

A type test shall be performed to verify that the current through a protective impedance under
normal operating or single-fault conditions does not exceed the values given in 4.4.3.4. The
test shall be performed using the circuit of IEC 60990:1999, Figure 4.

The test circuit of IEC 60990:1999, Figure 4, is reproduced in Annex L.
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NOTE IEC 60990 states that the use of a single network for the measurement of a.c. combined with d.c. has not
been investigated, but no suggestion is made for measurement in such cases.

The value of the protective impedance shall be verified as a routine test.

5.2.3.7 Touch current measurement test (type test)

Replacement:

The touch current shall be measured to determine if the measures of protection need not be
taken (see 4.4.4.3.3). The testing shall be conducted at the most unfavourable supply voltage
(refe o—-64-56340H—The-SMRS-—shal-be-setup-iraninsuated ate—withoutamyeennection
e earth. Under these conditions, the touch current shall be measured betwee
s of connection for the PE conductor and the PE conductor.

— For a SMPS to be connected to an earthed neutral system, the neutral of the‘mains gf the
test site shall be directly connected to the PE conductor.

— Flor a SMPS to be connected to an isolated system or impedance systém; the neutralshall
be connected through a resistance of 1 kQ to the PE conductor which shall be conngcted
te each input phase in turn. The highest value will be taken as the definitive result.

— Fr a SMPS to be connected to a corner earthed system, the PE conductor shdll be
cpnnected to each input phase in turn. The highest value (wjll be taken as the definitive
result.

For a SMPS with a particular system earthing, this(system shall operate as intehded
during the test.
fl

a SMPS is intended to be connected to morethan one system network, each of these
djfferent system networks (or the worst-case, if that can be determined) shall be used to
make the touch current measurement.

For pon-sinusoidal waveforms the peak valdes apply and the current is measured using the
meaguring network specified in Figure 4 of\IEC 60990:1999, for currents up to 2 mA, or Fjgure
5, of IEC 60990:1999, for currents above’

ginusoidal waveforms and DC the RMS values apply, and the current may be meagqured
using a 2 000 Q = 10 % resistor.

This s performed as a type(test.
Addition:

5.2.3.7.100 Circuits with current limitation

To qpalify cifcuits with current limitation, the following conditions have to be considered and
fulfilled:

a) the ‘circuit has to meet the requirements of 4.4.5.101 or 4.4.5.103 in no load or ppen
circuit condition, and

b) the circuit has to meet the requirements of 4.4.5.102 during load condition, when
measured with the measuring network;

c) the requirements of a) and b) shall be fulfilled under normal, fault and abnormal operation.
5.2.3.8 Capacitor discharge test (type test)

The capacitor discharge time as required by 4.4.3.4 may be verified by a type test and/or by
calculation taking into account the relevant tolerances.
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Addition:

5.2.3.8.100 Capacitor discharge test conditions

The discharge test shall be carried out at maximum input voltage including the tolerance and
at the most unfavourable loading condition, which is usually no load. If a resistor is provided
to comply with the requirements of 4.4.5.103, an overcurrent protective device, if provided,
shall not be wired between the capacitor and resistor.

5.2.3.9 Limited power source test (type test)

Wheh required by 4.6.5 a limited power circuit shall be fesied as below, with the equipnent
operating under normal operating conditions.

In cgdse the limited power source requirement depends on overcurrent protegtie devide(s),
the device(s) shall be short-circuited.

With|the equipment operating under normal operating conditions, a vatiable resistive lopd is
conngected to the parts under consideration and adjusted to obtain a<level of required liited
VA power. Further adjustment is made, if necessary, to maintain_the/limited VA power ffor a
perigd specified by 4.6.5.

A vatriable resistive load is connected to the circuit under censideration and adjusted to optain
the Ifjmit of apparent power as indicated in Table 16, dp Table 17, as applicable. Fyrther
adjugtment is made, if necessary, to maintain the limit;¢f apparent power for the time pgriod
indicpted in Table 16 or Table 17, as applicable.

The fest is passed, if after the test period the available apparent power does not exceeg the
limitd indicated in Table 16 or Table 17, as apglicable.

In cgdse the limited power source requipement depends on overcurrent protective devide(s),
the g¢urrent rating of at least one ofithe protective device(s) in the current path shall not
excepd the limit in Table 17.

5.2.3.10 Temperature rise test (type test)

The {est is intended to ghsure that parts and accessible surfaces of the SMPS do not exceed
the temperature limitg §pecified in 4.6.4 and the manufacturer’s temperature limits of sgfety-
relevant parts.

Where possiblei the SMPS shall be tested at worst-case conditions of rated power and §MPS
outpdit currentytaking derating and cooling control characteristic into account.

For eglipment 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 shall be performed at the worst case ambient
temperature condition within the manufacturer's specified operating range.

If this is not possible, it is permitted to simulate the temperature rise, if the validity of the
simulation can be demonstrated by tests at lower power levels.

The SMPS shall be tested with at least 1,2 m of wire attached to each field wiring terminal.
The wire shall be of the smallest size intended to be connected to the SMPS as specified by
the manufacturer for installation. When there is only provision for the connection of bus-bars
to the SMPS, they shall be of the minimum size intended to be connected to the SMPS as
specified by the manufacturer, and they shall be at least 1,2 m in length.
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The test shall be maintained until thermal stabilization has been reached. That is, when three
successive readings, taken at intervals of 10 % of the previously elapsed duration of the test
and not less than 10 min intervals, indicate no change in temperature, defined as +1 °C
between any of the three successive readings, with respect to the ambient temperature.

The temperature of an electrical insulation (other than that of windings) is measured on the
surface of the insulation at a point close to the heat source, if a failure of this insulation could
cause a hazard. If temperatures of windings are measured by the thermocouple method, the
thermocouple shall be located on the surface of the winding assuming the hottest part due to
surrounding heat emitting components. See also notes in Table 14.

SMPS by adding the difference between the ambient temperature during the te the

The j;aximum temperature attained shall be corrected to the rated ambient temperatu f the
equipment’s maximum rated ambient temperature.

NO
No cprrected temperature shall exceed the rated temperature of the maten@or compgnent
meagured. /\ .

/

During the test, thermal cutout, overload detection functions and dev\'m% shall not operatg.

5.2.3.11 Protective equipotential bonding tests (type teségnd routine test)
5.2.3.11.1 General

Each conductive accessible part under con&derahoné@ll be tested separately, to detefqmine
if the protective equipotential bonding path for t art is adequate to withstand the test
currgnt that the bonding path may be subjected ton er fault conditions.

The gircuit under consideration shall be se@d from amongst those circuits adjacent tp the
accepsible part under consideration ag eparated from it by only basic or funcfional
insulption. )

4\
All of these selected circuits have\@ be analyzed regarding prospective short circuit cdrrent
and fhe associated protective eehaent

the circuit under co@deratlon exceeds the 5 s disconnection time requiremept of
IEC 60364-4-41, the protective equipotential bonding impedance test of 5.2.3.11.2 anfd the
otective equipofﬁgl bonding short circuit test of 5.2.3.11.3 have to be performed.

OTE 1 Examp sggr circuits with disconnection times of more than 5 s: non mains circuits where thg short
c|rcuit curren ited by internal impedances or current limiters or by the load characteristics likgl solar

Qut under consideration meets the 5 s disconnection time requiremept of
[EC @ 4-4-41, the protective equipotential bonding short circuit test of 5.2.3.11.3 hps to
formed.

NOTE 2 Examples for circuits with disconnection times of not exceeding 5 s: mains circuits where the
prospective short circuit current is limited by the impedance of the main.

— If the circuit under consideration meets the disconnection time requirement of IEC 60364-
4-41:2005, Table 41.1, as applicable, depending on the earthing system of the installation,
no type testis required.

For pluggable equipment type A only the the protective equipotential bonding impedance test
of 5.2.3.11.2 have to be performed.

The testing shall include an individual test of the protective equipotential bonding path for
each conductive accessible part unless analysis shows that the short circuit withstand
capability of the path is adequate, or that the results of one combination are representative of
the anticipated results of another combination.
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5.2.3.11.2 Protective equipotential bonding impedance test

5.2.3.11.2.1 Test conditions

Where required by 4.4.4.2.2 and 5.2.3.11.2.1, the impedance of protective equipotential
bonding means shall be checked by passing a test current through the bond for a period of
time. The test current is based on the rating of the overcurrent protection for the equipment or
part of the equipment under consideration, as follows:

for pluggable equipment type A, the overcurrent protective device is that provided external
to the equipment (for example, in the building wiring, in the mains plug or in an equipment
rack):

for pluggable equipment type B and permanently connected equipment, the %%imum
rating of the overcurrent protective device specified in the equipment@ allation
imstructions to be provided external to the equipment; ,\CO

the rating of the provided overcurrent device for a circuit or part of t Qequipmert for
which an overcurrent protective device is provided as part of the equipyqe‘ .

Voltdges are measured from the protective earthing terminal to all th ,ts whose protdctive
equifpotential bonding means are being considered. The impedance e PE conductor is not
inclufed in the measurement. However, if the PE conductor is su 'hed with the equipmgnt, it
is pgrmitted to include the conductor in the test circuit, buttég#'neasurement of the voJtage

droplis made only from the main protective earthing terminal\
be egrthed. O‘\

e accessible part required to

On equipment where the protective earth connectic&)@ a sub-assembly or to a separatg unit

is part of a cable that also supplies power to that.s

-assembly or unit, the resistance df the

protgctive equipotential bonding conductor in Q? cable is not included in the protdctive
o

r the sub-assembly or separate unit ps in

Figufe 11. However, this option is only perngitted if the cable is protected by a suitably fated
protgctive device that takes into accou%@ size of the conductor. Otherwise the impedfance

equipotential bonding impedance measuremeg

of tHe protective equipotential bondi

conductor between the separate units is tp be

incluped, by measuring to the protect~i~k§ earthing terminal where the power source enterp the

first Uinit in the system, as in Figur9\®2.

oF
C)\\O
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SMPS Separate unit

| Accessible - Accessible
L 3 part A part

Sub-assembly

Voltage
meter

Voltage
meter

IEC 1316/12

Key

-
|

=|protective equipotential bonding

PE conductor for the separate unit
PE conductor for the SMPS

energy supply from the mains

=lenergy supply from the SMPS to the separate unit

terminal point of the external PE conductor

N o o b~ W N
1]

terminal point of the PE conductor fefnthe separate unit

Figure 11 — Protectiveegquipotential bonding impedance test for separate unit
with power fed'\from the SMPS with protection for the power cable
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SMPS Sub-assembly

Accessible I

IEC 14

Key
1  =|protective equipotential bonding
2  =|protective equipotential bonding for the sub-asg€mbly
3  =|PE conductor for the SMPS
4 =|energy supply from the mains
5 =lenergy supply from the SMPS to the gtp-assembly
6 =|terminal point of the external PE ‘sbnductor
7  =|connection point of the bondingto the sub-assembly (may be more than1)

Figure 12 — Protective equipotential bonding impedance test for sub-assembly

withracCessible parts and with power fed from the SMPS

The [test currentlds derived from an a.c or d.c supply source, the output of which if
earthed.
NOTE|] For pretection of the person performing the test, the source should have a maximum no-load voltage

the linpitg for-DVC A.

Voltage
meter

part Sub-assembly A part

I Accessible

<

Voltage
meter

17/12

not

below

5.2.3.11.2.2 Test current, duration and acceptance criteria

The test current, duration of the test and acceptance criteria are as follows.
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Table 29 — Test duration for protective equipotential bonding test

Overcurrent protective device rating | Duration of the test
A min
up to 32 2
33to 63 4
64 to 100 6
101 to 200 8
201 to 460 10

or SMPS with an overcurrent protective device rating of 16 A or less, this t&s/t\-mey be
mitted, if an impedance not exceeding 0,1 Q can be demonstrated.

s an alternative to Table 29, where the time-current characteristic OfQS\e overcyrrent
rotective device that limits the fault current in the protective equipotent[al, onding mleans
known because the device is either provided in the equipment or ﬁle specified ip the
stallation instructions, the test duration may be based on that bécific device’s fime-
Lirrent characteristic. The tests are conducted for a duration ¢ ponding to the 2P0 %
Lrrent value on the time-current characteristic. ('O

c
c

Flor SMPS with an overcurrent protective device rating of Qr,e than 460 A, calculatiohs or
s|mulations according to IEC 60949 shall be used to the ability of the prospdctive
s
c
p

(o}
~
ST > o T

c)

hort circuit current to fulfill the requirements. Thde% rotective equipotential bompding
bntinuity routine test of 5.2.3.11.4 shall be perforr?
rotective equipotential bonding means during a@@

the expected value.
N\
N

©
The fest current is 200 % of the overcu@n protective device rating and the duration df the
test iis as shown in Table 29. The volta@ drop in the protective equipotential bonding me¢ans,
durinig and at the end of the test, shali'not exceed DVC As, as determined from Table 4 and
Tablg 5 with respect to the accessi@ surface of the enclosure.

o show that the impedance df the
the end of the test shall not exjceed

Accejptance criteria:

Q8
After|the tests, visual inspe@ shall show no damage to the protective equipotential bofding
mears. .

5.2.3.11.3 Proteﬁ)@ equipotential bonding short circuit withstand test (type test

As rg¢quired by, .3.11.2.1 the short circuit test in 5.2.4.3 shall be performed to ensurq that
protgctive e otential bonding has the ability to withstand the prospective short cjrcuit
currgnt thatit-may be subjected to under fault conditions.

O
The te&ﬁg shall include an individual test of the protective equipotential bonding path for
each conductive accessible part unless analysis shows that the short circuit withstand
capability of the path is adequate, or that the results of one combination are representative of
the anticipated results of another combination.

5.2.3.11.4 Protective equipotential bonding continuity test (routine test)
The protective equipotential bonding continuity routine test shall be conducted when:

— the continuity of the protective equipotential bonding is achieved by a single means only
(for example a single conductor or a single fastener); or
— the SMPS is assembled at the installation location; or

— if required by 5.2.3.11.2.2 c).
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The test current may be any convenient value sufficient to allow measurement or calculation

of th

e resistance of the protective equipotential bonding means.

NOTE Larger currents used for the continuity test increases the accuracy of the test result, especially with low
impedance values, i.e. larger cross sectional areas and/or lower conductor length. In general 25 A is considered
sufficient for most products.

The expected value of the resistance is the result of calculation or simulation according to
5.2.3.11.2.2 considering the length, the cross sectional area and the material of the related
protective bonding conductor(s).

Acc tance critaria- the rosistance meastiraed shall ho within 00 0/ ||p+n 110 9% of tho exp cted

valug.

Addition:

5.2.3.100 Input test (type test)

In determination of the input current or input power, the following: variables shall be

cons|dered:

— lgads due to optional features, offered or provided for by the manufacturer for inclusipn in
of with the EUT,;

— lgads due to other units of equipment intended by theXmanufacturer to draw power|from

a

Artifi

In egch case, the readings are taken whén the input current or input power has stabiliz
the gqurrent or power varies during the“normal operating cycle, the steady-state curre

the EUT;
q

ccessible to an operator, up to the value specified by the manufacturer.

Cial loads may be used to simulate such lgads during testing.

ads that could be connected to any standardysupply outlet on the equipment that is

pd. If
ht or

powsgr is taken as the mean indication of the value, measured on a recording RMS ammef{er or

powgr meter, during a representative period.

The

Com
the f

— where_equipment has more than one rated voltage, the input current or input pow

n

- W

pliance is chécked by measuring the input current or input power of the equipment |
bllowing conditions:

easured at each rated voltage;

measured input current_or input power under normal operating conditions, but gt the
rated voltage or at each .end of each rated voltage range, shall not exceed the 1
current or rated powerby more than 10 %.

ated

nder

er is

| loment | ' vol he | ,

is measured at each end of each rated voltage range

5.2.3
5.2.3

In de

where a single value of rated current or rated power is marked, it is compared

ower

with

the higher value of input current or input power measured in the associated rated

voltage range,

where two values of rated current or rated power are marked, separated

by a

hyphen, they are compared with the two values measured in the associated rated

voltage range.
.101 Determination of working voltage (type test)
1011 General

termining working voltages, all of the following requirements apply:
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a) unearthed accessible conductive parts are assumed to be earthed;

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

c) for insulation between two transformer windings, the highest voltage between any two
points in the two windings is the working voltage, taking into account the voltages to
which the input windings will be connected;

d) for insulation between a transformer winding and another part, the highest voltage
between any point on the winding and the other part is the working voltage,;

versa. For double insulation between transformer windings, the short-circuit is-assymed
take place at the point by which the highest working voltage is produced accrosp the
her insulation;

f) hen the working voltage is determined by measurement, the input power suppli¢d to
the equipment shall be the rated voltage or the voltage within the rated, voltage rangq that
results in the highest measured value;

g) the working voltage between

any point in the circuit supplied by the mains and any part cennected to earth; and

any point in the circuit supplied by the mains and any/point in a circuit isolated [from
the mains,

n

nall be assumed to be the greater of the following:

the rated voltage or the upper voltage of the fated voltage range; and
—| the measured working voltage.

5.2.3.101.2 RMS working voltage

In dgtermining the RMS working voltage, short-term conditions and non-repetitive transients
(for gxample, due to atmospheric disturbances) are not taken into account.

NOTE| The creepage distances are detérmined from the RMS working voltages.
5.2.3.101.3 Peak working yoltage

For the peak working voltage used to determine the required impulse withstand voltage for
minirnum clearances.and test voltages for electric strength:

when determining the peak working voltage between circuits connected to the maing and
clrcuits isolated from the mains, the voltage of any DVC As or DVC B circuit or external
c|rcuits shall be regarded as 0;

W

hen\determining the peak working voltage for an external circuit that does not |have
tnansiénts, the peak working voltage of repetitive signals shall be taken into account;

— non-repetitive transients (for example, due to atmospheric disturbances) shall not be taken
into account.

5.2.3.102 Standard test procedure for separable thin sheet material (type test)

One layer of the material is placed in the electric strength test instrument, as shown in Figure
100, and the test voltage is applied. It has to be made sure, that the foil does sufficiently
extend the borders of the vertical test rods in order to avoid an electric breakdown around the
foil.
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Dimensions in millimetres

Metal pin having
amass of 100 g

A
Metal frame holding the upper pin in an upright
position and allowing it to move up and down
N | | l
AN
\ 25+0,1
I
The edges of the fest
V" pinrounded with g
A : __— radius of 0,5
Specimen under test C
v 25+0,1 et
- [ 1
I e |
| B
% > ///
O Insulatin /base
Terminals for test(voltage 9 EC
Figure 100 — Electric strength test instrument
5.2.3.103 Standard test procedure for non-separable thin sheet material (type test,
sample test)
For non-separable layers, eletCtric strength tests are applied in accordance with 4.4.7.10 fo all
layers together. The test'woltage is:
— 2P0 % of U, if(two layers are used; or
— 1P0 % of Ujegyif three or more layers are used,
where U,eqitis-the test voltage specified in 4.4.7.10 for supplementary insulation or reinfdrced
insulation,as appropriate.
NOTE—Umfessattthe tayersare of thesame materiaand Tave the samme thicknmess, there s a possibitity that the

test voltage will be divided unequally between layers, causing breakdown of a layer that would have passed if

tested separately.

5.2.3.104 Mandrel test (type test, sample test)

The test requirements for reinforced insulation made of three or more thin insulating sheets

of material that are inseparable are specified below.

NOTE This test is based on IEC 61558-1 and will give the same results.

Three test samples, each individual sample consisting of three or more layers of non-
separable thin sheet material forming reinforced insulation, are used. One sample is fixed to
the mandrel of the test fixture given in Figure 101. The fixing shall be performed as shown in

Figure 102.
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(3%x) RO,5 + 0,1
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Dimensions in millimetres

50 £ 0,5
Each side

Material: corrosion- resistant metal

Fixing system
v o) G|
_/

/

Figure:101 — Mandrel

A
Tip
Side. view
R0,5 + 0,02
2+0,1
60° £ 5°
Detail A - Tip IEC

Dimensions in millimetres

Metal foil

Insulating material

IEC

Figure 102 — Initial position of mandrel

10° £ 5° ¢! N+0, 1N

+ 150 N+ 10N
IEC

The final position of the mandrel is rotated 230° + 5°
from the initial position.

Figure 103 — Final position of mandrel

A pull is applied to the free end of the sample, using an appropriate clamping device. The

mandrel is rotated:
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— from the initial position (Figure 102) to the final position (Figure 103) and back;

— a

second time from the initial position to the final position.

If a sample breaks during rotation where it is fixed to the mandrel or to the clamping device,
this does not constitute a failure. If a sample breaks at any other place, the test has failed.

After the above test, a sheet of metal foil, 0,035 mm + 0,005 mm thick, at least 200 mm long,
is placed along the surface of the sample, hanging down on each side of the mandrel
(see Figure 103). The surface of the foil in contact with the sample shall be conductive, not
oxidized or otherwise insulated. The foil is positioned so that its edges are not less than
20 mm _from the edges of the sample (see Figure 104). The foil is then tightened by two equal

weig

hts, one at each end, using appropriate clamping devices.

Dimensionsin/millin

Metal foil

Insulating material +——

20 30 20

70

IEC

Figure 104 — Position of metal foil on insulating material

Whilg¢ the mandrel is in its final position, and_within the 60 s following the final positio

elect
4.4.7

Utest

Whe
volta

The

5.2.3.

Refe

Fic strength tests are applied between the’mandrel and the metal foil in accordance]
10. The test voltage is 150 % of Uyggy:

is the test voltage specified in 4.4:7.10 for reinforced insulation.

e the peak voltage of 180,% of Ui is less than 7,1 kV, the impulse and AC o
ge test shall be replaced by an AC voltage test of 5 kV RMS.

est is repeated on.the other two samples.

105 Insulated winding wires for use without interleaved insulation (type tes
sample test)

 to Annex AA for further information on the test procedure.

5.2.4_~ Abnormal operation and simulated faults tests

hetres

hing,
with

r DC

—

5.2.4.1 General

Protection against risk of thermal, electric shock and energy hazards in case of abnormal
operating condition of a SMPS in combination with its installation shall be evaluated by:

a) tests defined in this section; or

b) calculation or simulation based on tests as defined

in 5.24.4 and 5.2.4.6 on a

representative model of SMPS, where no damage other than opening of overcurrent
protective devices has occurred to the test sample.

N

OTE A representative model means a SMPS with similar power elements (for example,

power

semiconductor devices, fuses, circuit breakers, capacitors, overcurrent detection and output inductances) and
circuit topologies as the SMPS under consideration.
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Before all abnormal tests, the test sample shall be mounted, connected, and operated as
described in the temperature rise test.

Simulated faults or abnormal operating conditions shall be applied one at a time. Faults that
are the direct consequence of a simulated fault or abnormal operating conditions are
considered to be part of that simulated fault or abnormal operating condition.

In the case of a SMPS supplied without an enclosure, a wire mesh cage which is 1,5 times the
individual linear dimensions of the SMPS part under study shall be used to simulate the
intended enclosure.

The BMPS, and the wire mesh cage (if used), shall be earthed according to the requirenlnents
of 4.4.4.2.2.

Chegse cloth or surgical cotton shall be placed at all openings, handles, flanges, jointd and
similgr locations on the outside of the enclosure and the wire mesh cage(if used),|in a
manmer which will not significantly affect the cooling.

Where the SMPS under test is specified in its installation manual to, fegquire external means of
protgction against faults, these specific means shall be provided forthe test.

The poltages of accessible SELV, PELV and DVC As circuilS/as well as accessible eafthed
and yinearthed conductive parts shall be monitored.

The pupply shall be capable of delivering the specified prospective short circuit current|(see
4.3.1]) at the connection to the SMPS, unless the:circuit analysis of 4.2 demonstrates that a
lessgr value may be used.

mechanism (internal or external), a .e@mponent failure occurs that interrupts the |fault

The ylndividual tests shall be performed untikterminated by activation of a protective devife or
condjtion, or the temperatures stabilize®

Addition:

5.2.1].1.100 Additional considerations
5.2.4.1.100.1 Power'source used for testing

Indivjdual tests within this document define a specific power source.

In cgse there_is no definition for a specific power source, the sample is to be tested|at a
sourge representative for the available power in the final application.

N O T EL—Atimited—rottage—drop—of—10—%—and—an—avatable—curreont—of—min—t0—times—the—rating—oftheo—overs rrent
J ~ * J

protection during load can constitute a suitable power source, if no further information of the final application is
available.

5.2.4.1.100.2 Setting of voltage selector (type test)
Equipment to be supplied from the mains and provided with a voltage setting device to be set

by the operator, is tested with the mains voltage setting device at the most unfavourable
position.

5.2.4.1.100.3 Polarity test (type test)

If a connection is not polarized and the connection is accessible to an operator, then the
possible influence of polarity shall be taken into account for testing.
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4.2 Pass criteria

Replacement:

As a result of the abnormal operation tests, the SMPS shall comply with the following:

a)
b)
c)

f)

g)

h)

i)

k)

there shall be no emission of flame, burning particles or molten metal;
the cheese cloth or surgical cotton indicator shall not have ignited;

the earth connection and protective equipotential bonding of the SMPS shall not
opened;

have

doors and covers shall remain In place;

during and after the test DVC As circuits and accessible conductive parts shall not-e

separated from live parts at voltages greater than DVC As with at least basic’insul
ompliance shall be checked by the AC or DC voltage test of 5.2.3.4 for basic insul

during and after the test, live parts at voltages greater than DVC As shall not be
cessible;

ercurrent protective device currents are measured, if there is. certain doubt that st
cpmponent is operated outside its maximum current interrupt capability;

a fault is terminated by the opening of a fuse and if the-fuse does not operate v
pproximately 1 s, the current through the fuse under the.relevant fault condition sheé
easured. Evaluation with the pre-arcing time/current characteristics shall be made tg
ut whether the minimum operating current of the fuse is reached or exceeded and
the maximum time before the fuse operates is. The.current through the fuse may vary
flinction of time;

fllses are not permitted to shatter or rupture*their casing. Small holes in fuse end cap

rated for AC are used in DC circuits, then'the test shall be repeated 10 times using th
supply, and shall pass the AC or DC.voltage test of 5.2.3.4 for basic insulation;

)

n electrolytic capacitor is permitted to vent if venting does not cause a safety ha
ithin the meaning of this document;

W
wire conductors and traces ©f printed circuit boards are not permitted to act as fuses
wire or trace opens, then if*is to be linked out across the break and the test repeated.
process shall be repeated until the test reaches an ultimate conclusion.

The SMPS is not required to be operational after testing and it is possible that the enclg

can

pecome deformed. Overcurrent protection integral to the SMPS, or required to be

with the SMPS, is-allowed to open.

5.2.
5.2.

.33 General

vpltages greater than the time dependent voltages of Table 5, as appropriate_and shill be

hibit
tion.
tion;

ome

ch a

ithin
Il be
find
what
as a

5 are

ceptable, but end caps shall not become’loose during the abnormal tests. Where fuses

e DC

zard

. If a
This

sure
used

:l.3 Protective equipotential bonding short circuit withstand test (type test)

When required by 5.2.3.11.2.1, a protective equipotential bonding path shall be subjected to

the

5.2.

following short circuit withstand test.

4.3.2 Test conditions

The equipment under test shall be supplied with power and the output port shall be operating
as intended in 5.2.4.1 prior to closing the switching means that applies the short circuit,
unless energizing the equipment with the short circuit already applied will be more severe.

The protective equipotential bonding short circuit test shall be performed with the SMPS
working with light load, unless analysis shows that higher short circuit currents are available

und

er higher loading conditions.

A new sample may be used for each short circuit test.
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5.2.4.3.3 Protective equipotential bonding short circuit test method

The test current is applied by connecting the accessible part under consideration to one of the
conductors of the the test source circuit through a switching means that will not limit the short
circuit current. The switch shall be located such that the source is short circuited through the
accessible part and its protective equipotential bonding path back to the protective earthing
terminal for the source circuit under consideration. The connections to the shorting switch
shall be through cables having the same cross-section as specified for the PE conductor in
the installation and the length of the cables shall be limited to 2 m. If the size of the SMPS
requires a greater length, the length shall be as short as practical to perform the test and the
short circuit current shall be calibrated at the entrance of the product.

5.2.4I.3.4 Pass criteria

Replacement:

The pass criteria of 5.2.4.2 e) apply, and at the conclusion of the test, there shall be no
damage to the protective equipotential bonding means under test. Compliance shdll be
checked by inspection, and if necessary, by the protective equipotential bonding continuity
test (routine test) of 5.2.3.11.4.

5.2.:].4 Output short-circuit test (type test)

5.2.4.4.1 Load conditions

The phort-circuit test shall be performed with the SMRS at full load or light load whicljever
creafes the more severe condition.

5.2.4.4.2 Short-circuit test method

Powir output port terminals shall be provided with cable of a cross-section as specifigd for
the ipstallation connected to an appropriaté switching means that will not limit the short cjrcuit
currgnt. The complete length of the cable (forth and back) shall be approximately 2 m, upless
the SJize of the SMPS requires a greater length, in which case the length shall be as shqgrt as
pracfical to perform the test.

The gquipment under test shall be supplied with power and the output port shall be opergting
as irntended prior to closing the switching means that applies to the short circuit, upless
energizing the equipment'with the short circuit already applied will be more severe.

The festing shalintlude individual tests of each output port where combinations of two or
morg terminal$¢including earth, on each individual port are subjected to short circuit tesfs on
thoseﬁ terminals. Analysis may be used to reduce the number of tests if it is shown thdt the
results of N\one combination are representative of the anticipated results of anpther
combipation.

A new sample may be used for each short circuit test.

In addition to determining compliance with the criteria of 5.2.4.2, this test is used to determine
the output short circuit current rating of the port under consideration, in accordance with
4.3.2.3. An oscilloscope or other suitable instrument shall be used to measure the peak
current during the test, and to measure or calculate the r.m.s. value of the current.

The value(s) to be recorded and to be provided with the SMPS instructions, in accordance
with 6.2, are the peak current, and the highest of the r.m.s. current values measured or
calculated over a time period as follows:

a) for a.c. signals, three cycles of the nominal a.c. frequency for the port under
consideration, in which case the value is to be stated as the 3-cycle r.m.s. value;
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b) for all signals, the duration of the short circuit from the time the short circuit is applied,
until the time the short circuit current is interrupted by a protective device or other
mechanism, in which case the value stated is to include the r.m.s. value and the time
period in seconds;

c) for short circuit tests that result in a continuous non-zero value, the steady-state r.m.s.
value, in which case the value is to be stated as a continuous r.m.s value.

For SMPS with internal short circuit protection according to 4.3.2.3, which protects the output
port within some few pus, the requirements in a), b) and c) are not applicable.

5.2.4.5 Output overload test (type test)

The loverload test shall be performed after operating the SMPS at full load until_ngrmal
operxting temperatures are attained. Each output of the SMPS, and each section tapped
outpdit, shall be overloaded in turn, one at a time. The other outputs and windip\@ are lopded

or ndt loaded whichever load condition of normal use is less favorable. (_19
Overjoading is carried out by connecting a variable load across the o t&t or winding] The
load [is adjusted as quickly as possible and readjusted, if necessar\;,l/@‘er 1 min to maintain
the gpplicable overload. No further readjustments are then permitted,

If overcurrent protection is provided by a current-sensitive d or circuit, the overload test
currgnt is the maximum current which the overcurrent prg‘? tion device is just capablle of
pass|ng for 1 h. Before the test, the overcurrent protecfion device is made inoperatiye or
replgced by a link with negligible impedance. Q

For g@quipment in which the output voltage is des&ned to collapse when a specified ovefload

currgnt is reached, the overload is slowly increased to the point of maximum output power

befofe the point which causes the output vo@e to collapse.
S

In alllother cases, the loading is the ma\@ﬁum power output obtainable from the output.

5.2.4.6 Breakdown of compoh@its test (type test)

5.2.4.6.1 Load conditioc}\o

.

The preakdown of a component, identified as a result of the circuit analysis of 4.2, sh3ll be
testeld with the SMPSﬁII load or light load whichever creates the more severe condition.

=

5.2.4.6.2 Aggﬂvation of short circuit or open-circuit

The $hort %ﬁi shall be applied with cable of a cross-section agpropriate for the current that
ally through the component, but not less than 2,5 mm®. The length of the loop|shall

as practical to perform the test. Short circuits and open circuits are applied Tsing

an apprdpriate switching device.

Each identified component shall be subjected to only one breakdown of components test
unless both open- and short circuit failure modes are likely in that component.

5.2.4.6.3 Test sequence

For the breakdown of components test, identified components shall be short circuited or open-
circuited, whichever creates the worst hazard, one at a time.

5.2.4.7 PWB short circuit test (type test)

On PWBSs, functional insulation provided by spacings which are less than those specified in
Table 10 and Table 11 (see 4.4.7.7) shall be type tested as described below.
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The decreased spacings shall be short circuited one at a time, on representative samples,
and the short circuit shall be maintained until no further damage occurs.

5.2.4.8 Loss of phase test (type test)

A multi-phase SMPS shall be operated with each line (including neutral, if used) disconnected
in turn at the input. The test shall be performed by disconnecting one line with the power
conversion equipment operating at its maximum normal load and shall be repeated by initially
energizing the SMPS with one lead disconnected.

The test shall continue until terminated by a protective mechanism, a component failure
occufs, or the temperature stabilizes. A

For $MPS with rated input current greater than 500 A, compliance can be sfeg((w thrpugh
simulation.
>
5.2.4.9 Cooling failure tests (type tests) /\ .
5.2.4.9.1 General and pass criteria (19b‘

For $MPS having a combination of cooling mechanisms, all relevgﬁ;\tests shall be performed.
It is pot necessary to perform the tests simultaneously.
&
3

The {est shall continue:

— Until the temperature stabilizes, in which case t @mperature limits of 4.4.6.4.2 apply; or

— until terminated by a protective mechanism \a component failure occurs, in which |case

the temperature limits of accessible parts in“4’4.6.4.2 may be exceeded by not more[than
°C. If this is not possible a war%@' statement shall be provided in the |user
documentation. $\

The temperature increase of 5 °C w@@égard to the steady state limits reflect the spread of thq burn

O

A SMPS having forced vent@tlon shall be operated at rated load with fan or blower mofor or
motors made moperatlv@smgle or in combination from a single fault, by physically prevepting
theirfrotation. O

5.2.4.9.3 m@ed filter test

Enclgsed S having filtered ventilation openings shall be operated at rated load with the
openjings, ked to represent clogged filters. The test shall be performed initially with p0 %
of th lation openings surface blocked. The test shall be repeated under a full bldcked

5.2.49.4 Loss of coolant test

A liquid cooled SMPS shall be operated at rated load. Loss of coolant shall be simulated by
draining the coolant, blocking the flow or disabling the system coolant pump.

If the SMPS is shut down due to the operation of a thermal device located inside the coolant,
then the test shall be repeated with the coolant drained out of the system.

NOTE It is presumed that the thermal device will be inoperative if not surrounded by coolant liquid.

Addition:
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5.2.4.100 Transformer overload tests (type tests)

NOTE

Requirements have been taken from IEC 62368-1.

5.2.4.100.1 Test conditions

If the tests are carried out under simulated conditions on the bench, these conditions shall
include any protection device that would protect the transformer in the complete equipment.

Transformers for SMPS are tested in the complete unit. Test loads are applied to the output of
the SMPS.

bar transformer or a ferro-resonant transformer has each winding isolated from the nIuains

A lin

load¢d in turn, with any other winding isolated from the mains loaded between zergand its

spec|fied maximum load to result in the maximum heating effect.

The |transformer output (after the first rectification component) is loaded|fo result in the

maximum heating effect in the transformer.

Where an overload condition cannot occur or is unlikely to cause j@n insulation relied gn for

safetly to fail, the tests are not made.

5.2.4.100.2 Compliance criteria

Maximum temperatures of windings shall not exceed thé values in Table 102 when meagured

as specified in 5.2.3.10, and determined as specified.below:

— with external overcurrent protection: at the moment of operation, for determination df the
time until the overcurrent protection operates; reference may be made to a data shdet of
the overcurrent protective device showing-the trip time versus the current characterist|cs;

— with an automatic reset overtemperature protection device: as shown in Table 104 and
after 400 h;

— with a manual reset overtemperature protection device: at the moment of operation;

— for current limiting transformers: after the temperature has stabilized.

Windings isolated from the ‘mains, that exceed the temperature limits but that become ppen

circujt or otherwise require replacement of the transformer, do not constitute a failure of this

test provided that the transformer continues to comply with 5.2.4.2.

During the test the transformer shall not emit flames or molten-metal.

Table 102 — Temperature limits for transformer windings
Maximum temperature °C
Class Class Class Class Class Class Class Class
105 120 130 155 180 200 220 250

Method of protection (A) (E) (B) (F) (H) (N) (R)

exter

Protection by inherent or

nal impedance

150 165 175 200 225 245 265 295

Protection by protective
device that operates 200 215 225 250 275 295 315 345
during the first hour

prote

Protection by any

ctive device:

— maximum after first
hour 175 190 200 225 250 270 290 320
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— arithmetic average

during the 2" hour
and during the 150 165 175 200 225 245 265

72t hour @

295

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

a8 The arithmetic average temperature is determined as follows:

The graph of temperature against time (see Figure 105), while the power to the transformer is cycling on and
off, is plotted for the period of test under consideration. The arithmetic average temperature (¢,) is determined

by the formula:

o= max * Imin
=

2

where

~

ax is the average of the maxima;

~

in IS the average of the minima.

°cC A

d ‘:
4 il

0 Time

IEC

Figure 105 — Determination of arithmetic average temperature

5.2.4.100.3 Alternative test method

The fransformer is covered with a_single layer of cheesecloth and is placed on a wopden
board that is covered with a single\layer of wrapping tissue. The transformer is then gradually

loadg¢d until one of the following-situations occurs:

|
—

he overload protective device operates;

|
—

he winding becomes-an open circuit;

— the load cannot be increased any further without reaching a short-circuit or foldback

bndition.

(@)

The fransformer is then loaded to a point just before the above applicable situation og¢curs

and is operated for 7 h.

Duringhe test, the transformer shall not emit flames or molten metal. The cheesecloth Ishall

not char or catch fire.

If the transformer voltage exceeds DVC As, the basic insulation or reinforced insulation
provided in the transformer shall withstand the AC or DC voltage test to clause 5.2.3.4 as

applicable after it has cooled to room temperature.

5.2.4.101 Covering of ventilation openings (type tests)

The top, sides and the back of stationary and moveable equipment, if such surfaces have

ventilation openings, shall be covered one at a time.

All openings of transportable equipment are covered simultaneously.
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5.2.5 Material tests
5.2.51 General

When requested by 4.4.7.8.2, the manufacturer shall test the flammability properties of the
materials used for insulating purposes, as defined in 5.2.5.2, 5.2.5.3 and 5.2.5.4.

When requested by 4.6.3.2 the manufacturer shall test the flammability properties of the
materials used for fire enclosure, as defined in 5.2.5.5.

5.2.5.2 High current arcing ignition test (type test)

Five samples of each insulating material (Figure 13) to be tested are used. The sa %T shall
havel minimum 130 mm length and 13 mm width and of uniform thickness repr ng the
thinnest section of the part. Edges shall be free from burrs, fins, etc. ,\CO

Each test is made with a pair of test electrodes and a variable |nduc/\/F(Q)mpedance load
conngcted in series to a source of 220 V to 240 V a.c, 50 Hz or 60 Hz sss igure 13

Movable electrode Stationary electrode (h'\q/

N O

| | ‘\\

Test sample << O
QQ

\ Z~=7TQ

‘ ;\\j} with 0,5
% power facjor
22Q V-240 V a.c. @
’ o
Q\
xO
<
>
R .:3,3 A
IEC 1p18/12

@’ Figure 13 — Circuit for high-current arcing test

It is permi@o use an equivalent circuit.

O

One e&[rode is stationary and the second movable. The stationary electrode consists| of a
3,5 mm diameter solid copper conductor having a 30° chisel point. The movable electrode is a
3 mm diameter stainless steel rod with a symmetrical conical point having a total angle of 60°
and is capable of being moved along its own axis. The radius of curvature for the electrode
tips does not exceed 0,1 mm at the start of a given test. The electrodes are located opposing
each other, in the same plane, at an angle of 45° to the horizontal. With the electrodes short
circuited, the variable inductive impedance load is adjusted until the current is 33 A at a
power factor of 0,5.

The sample under test is supported horizontally in air or on a non-conductive surface so that
the electrodes, when touching each other, are in contact with the surface of the sample. The
movable electrode is manually or otherwise controlled so that it can be withdrawn from
contact with the stationary electrode to break the circuit and lowered to remake the circuit, so
as to produce a series of arcs at a rate of approximately 40 arcs/min, with a separation speed
of 250 mm/s + 25 mm/s.
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The test is continued until ignition of the sample occurs, a hole is burned through the sample
or a total of 200 arcs have elapsed.

The average number of arcs to ignition of the specimens tested shall be not less than 15 for
V-0 class materials and not less than 30 for other materials.

5.2.5.3 Glow-wire test (type test)

The glow-wire test shall be made under the conditions specified in 4.4.7.8.2 according to
IEC 60695-2-10 and IEC 60695-2-13.

5.2.54 Hot wire ignition test (type test — alternative to glow-wire test) A

=

Five [samples of each insulating material (see Figure 14) are tested. The samples%hall have
minimum 130 mm length and 13 mm width and of a uniform thickness rep\@)senting the
thinnest section of the part. Edges shall be free from burrs, fins, etc. q/Q

A 25D mm + 5 mm length of nichrome wire (nominal composition 80 % nickel, 20 % chronium,
iron-free) approximately 0,5 mm diameter and having a cold res}j/%‘lce of approxir:rately
5 Q/m is used. The wire is connected in a straight length to a varj source of power which
is adjusted to generate 0,25 W/mm + 0,01 W/mm in the wire fog?ﬁriod of 8 s to 12 s. |After

coolipg, the wire is wrapped around a sample to form five cor@/ e turns spaced 6 mm apart.

The wrapped sample is supported in a horizontal positi n@ee Figure 14) and the ends (f the
wire | connected to the variable power source, @ h is again adjusted to gengrate
0,25W/mm + 0,01 W/mm in the wire. 1%

A

“a— Heating wire

N

IEC 1219/12

Figure 14 — Test fixture for hot-wire ignition test

The test is continued until the test specimen ignites or until 120 s have passed. When ignition
occurs or 120 s have passed, the test is discontinued and the test time recorded. For
specimens which melt through the wire without ignition, the test is discontinued when the
specimen is no longer in intimate contact with all five turns of the heater wire.

The test is repeated on the remaining samples.

The average ignition time of the specimens tested shall not be less than 15 s.
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5.2.5.5 Flammability test (type test)

Three samples of the complete equipment or three test specimens of the enclosure thereof
(see 4.6.3) shall be subjected to this test. Consideration shall be given to leaving in place
components and other parts that might influence the performance. The test samples shall be
conditioned in a full draft circulating air oven for seven days at 10 °C greater than the
maximum use temperature, as determined by the temperature rise test 5.2.3.10, but not less
than 70 °C in any case. Prior to testing, the samples shall be conditioned for a minimum of 4 h
at 23 °C £2°C and 50 % *= 5 % relative humidity. The flame shall be applied to an inside
surface of the sample at a location judged to be likely to become ignited because of its
proximity to a source of ignition including surfaces provided with ventilation holes. If more

than oRe—part |e reaf-a-source nf |nn|+|nn A’!f\h oamnla ehn” F\a fne{ar’l \All"‘h l'ha Flrxma a Iied
oHe—pt oSO e ot SeH—-SaHpt

to a (lifferent location.

The three test samples shall result in the acceptable performance described ﬁ%/ 1 one
sample does not comply, the test shall be repeated on a set of three new es with the
flam¢ applied under the same conditions as for the unsuccessful samplg -f all the|new
speclmens comply with the requirements described below the material is {&:eptable.

The |laboratory burner, adjustment and calibration shall be iden,@agto that describgd in

IEC $0695-11-20. ('o

When a complete enclosure is used to conduct the flame t t\%ﬂe sample shall be mount¢d as
intended in service, if it does not impair the flame te in a draft-free test chamber,
enclgsure, or laboratory hood. A layer of absorbent ) cotton shall be located 30% mm

below the point of application of the test flame. T@ 7 mm flame shall be applied tq any
portipn of the interior of the part judged as Iikelyt ignited by its proximity to live or afcing
partg, coils, wiring, and the like) at an angle of X|mately 20 ° insofar as possible from the
verti¢al so that the tip of the blue cone touch e specimen. The test flame shall be applied
to thfee different locations on each of the .@e samples tested. A supply of technical-drade
methiane gas shall be used with a reg r and meter for uniform gas flow. Natural gas
having a heat content of approximatel{ﬁMJ/m3 at 23 °C has been found to provide similar
results and may be used.

xO
The flame shall be applied for, é\}*and removed for 5 s. The operation shall be repeated|until
the specimen has been subj@kd to five applications of the test flame.

The following cond|t|o€>®1all be met as a result of this test:

|
—

:I:e material s aq)not continue to burn for more than 1 min after the fifth 5 s applicatipn of
e test fla jith an interval of 5 s between applications of the flame;

hd

- flami %rops or flaming or glowing particles that ignite surgical cotton 305 mm beloy the
Ts{@pecimen shall not be emitted by the test sample at any time during the test.

—

oY)

—

After the test, equipment shall meet the requirements for basic protection by means of
enclosures or barriers in 4.4.3.3.

5.2.5.6 Flaming oil test (type test)

When required by 4.6.3.3.3 compliance is shown by the flame oil test as follows.

A sample of the complete finished bottom of the fire enclosure is securely supported in a
horizontal position. Bleached cheesecloth of approximately 40 g/m2 is placed in one layer
over a shallow, flat-bottomed pan approximately 50 mm below the sample, and is of sufficient
size to cover completely the pattern of openings in the sample, but not large enough to catch
any of the oil that runs over the edge of the sample or otherwise does not pass through the
openings.
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NOTE Use of a metal screen or a wired-glass partition surrounding the test area is recommended.

A small metal ladle (preferably no more than 65 mm in diameter), with a pouring lip and a long
handle whose longitudinal axis remains horizontal during pouring, is partially filled with 10 ml
of a distillate fuel oil that is a medium volatile distillate having a mass per unit volume
between 0,845 g/ml and 0,865 g/ml, a flash point between 43,5 °C and 93,5 °C and an
average calorific value of 38 MJ/I. The ladle containing the oil is heated and the oil ignited and
permitted to burn for 1 min, at which time all of the hot flaming oil is poured at the rate of
approximately 1 ml/s in a steady stream onto the centre of the pattern of openings, from a
position approximately 100 mm above the openings.

The (estsrepeatedtwice st brnirterralsHsigcleancheesesioths A
During the test the cheesecloth shall not ignite. Q)

5.2.5.7 Cemented joints test (type test) Q

When required by 4.4.7.9 representative samples of cemented joints prcﬂu’ding protectipn of
type |1 or type 2 as defined in IEC 60664-3:2003 shall be tested as a t;@&test as follows.

The [samples shall be subjected to the conditioning proc@lre specified in 5J of
IEC $0664-3:2003, using the following parameters: for the co (Cysst (5.7.1), a temperatdre of
-25 °[C shall be used, and for the rapid change of temperatusr\e\ t (5.7.3): =25 °C to +12§ °C.

After[the conditioning the samples shall pass the followfig tests in the prescribed order:

a) Tlhe mechanical strength of the joint shall bi\Qvaluated by loading the joint using the
brces anticipated to be present under norng\ab onditions. There shall be no separatipn of
the parts. 1%

—h

b) Tlhe insulation resistance between the’&nductive parts separated by the joint shdll be
measured according to 5.8.3 of IEC 64-3:2003.

c) (Qemented joints shall be treated aé\to be thin sheet material and shall be tested accofding

4]4.7.8.3. \O

d) The sectioning of the joint s not show any cracks, voids or separation.
) g j \\@kﬂ y p

Environmental tes@ (type tests)
1 General O

Envi onmentaléﬁmg is required to establish the safety of the SMPS at the extremes df the

environmental sification to which it will be subjected.

If size ower considerations prevent the performance of these tests on the complete
SMPS,; permitted to test individual parts that are considered to be relevant to the safgty of
the SMPS

When testing components or sub-assemblies separately, the temperature during the dry-heat
test shall be chosen as to simulate actual use in the end-product. The component or sub-
assembly shall be energized simulating the same conditions as in the end-product.

Table 30 shows the standard tests to be performed for the different environmental conditions.

Compliance is shown by conducting test of 5.2.3.6, 5.2.6.4, 5.2.6.5 and 5.2.6.6 according to
Table 30 as applicable for the environmental conditions specified by the manufacture.

Where the SMPS is required to operate in conditions outside the range of values given in this
standard, then the test conditions shall be agreed on between the supplier and the customer,
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as defined in the particular individual enquiry or purchasing specification. In any case the test
requirements shall not be less demanding than the operating conditions specified.

Table 1 — Environmental tests

Test condition Indoor conditioned Indoor unconditioned Outdoor unconditioned
IEC 60721-3-3 IEC 60721-3-3 IEC 60721-3-4
Climatic Dry heat (see 5.2.6.3.1) Dry heat (see 5.2.6.3.1) Dry heat (see 5.2.6.3.1)
Damp heat (see 5.2.6.3.2) Damp heat (see 5.2.6.3.2) Damp heat (see 5.2.6.3.2)
Chemically No test requirement No test requirement -2-52
active a
substantes Salt mist (se@( .5)
Mechanifally No test requirement No test requirement Test Lc of IE&@O‘OGS 2-68
active (p
substantes Dust and(&&q (see 5J2.6.6)
Mechanifal Test Fc of IEC 60068-2-6 Test Fc of IEC 60068-2-6 Te oﬁb\o/f IEC 60064-2-6
Vibration (see 5.2.6.4) Vibration (see 5.2.6.4) Wbration (see 5.2.4.4)
Biologichl No test requirement No test requirement kq>) No test requirement
® Refell to Footnote @ in Table 18. 6\
Whep special environmental conditions are specified, itional tests (e.g. for chemjcally

activ

5.2.6.2 Acceptance criteria

b substances) shall be considered. Q
L
N

The {ollowing acceptance criteria shall be satisfjed:

]

]

]

-]

. \
njo degradation of any safety-relevan@omponent of the SMPS;

0 potentially hazardous behaviou@% the SMPS during the test;
0 sign of component overheaﬁ&;;

0 hazardous live part gre%fgj?‘than As shall become accessible;
0 cracks in the enclos.q@and no damaged or loose insulators;
ass routine a.c. Y& voltage test 5.2.3.4;

P
plass protective €guipotential bonding impedance test 5.2.3.11.2;
n

5.2. @ Dry heat test (steady state)

0 potenti azardous behaviour when the SMPS is operated following the test.

5.2.6.3 @uatic tests

To prove the ability of components and equipment to be operated, transported or stored at
high temperatures the dry heat (steady state) test shall be performed according to the
conditions specified in Table 31.
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Table 31 — Dry heat test (steady state)

Subject

Test conditions

Test reference

Test Bd of IEC 60068-2-2

Requirement reference

4.9

Preconditioning

According to 5.1.2 and 5.2.1

Operating conditions

Operating at rated conditions

Temperature Temperature classification according to Table 18 or, for separate testing of
components and sub-assemblies, according to 5.2.3.1 or manufacturer’s specified
maximum temperature, whichever is higher

Accurpcy + 2 °C (see IEC 60068-2-2)

Humidity According to IEC 60068-2-2, Test Bd

Duration of exposure

(16 £ 1) h

Reco\ery procedure
- Timg
— Climatic conditions
— Temperature
— Re¢lative humidity
— Bgrometric pressure

— Powler supply

Q)
4
N\@@

1 h minimum

15°Cto 35 °C
25 % to 75 %
86 kPa to 106 kPa

Power supply unconnected

5.2.6.3.2

<
Y

Damp heat test (steady state) s\\§\

Top
state]

ove the resistance to humidity, the S
according to the conditions specifie

" Table 32.

hall be subjected to a damp heat test (sfeady
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Table 32 — Damp heat test (steady state)

Subject Test conditions
Test reference Test Cab of IEC 60068-2-78:2001
Requirement reference 4.9
Preconditioning According to 5.1.2 and 5.2.1
Operating conditions Power supply disconnected
Special precautions Internal voltage sources may remain connected if the heat produced by them in the
specimen is negligible
Temperatare Merufacturers—spestiodradrarmtemperatareo—or—ferseparatetestngof
components and sub-assemblies, according to 5.2.3.1 , whichever is higheQ
Accurfcy + 2 °C (see Clause 5 of IEC 60068-2-78:2001) Q/
Humidity Manufacturer’s specified maximum humidity @
Accurgcy + 3 % (see Clause 5 of IEC 60068-2-78:2001) Q'\
Duration of exposure 4 days /\'(]/
Reco\ery procedure Qb(
— Time 1 h minimum h:]/
— Clinmatic conditions (:;2)
— Tgmperature 15°Cto35°C \Q/
— R¢lative humidity 25 % to 75 % 6\
— Bgrometric pressure 86 kPa to 106 kPa Q
— Powler supply Power supply disconnected QQ
— Confdensation All external and internal co\%d&tion shall be remoyed by air flow prior to
performing the a.c. or d.c.h ge test or re-connecting the PEC to a power supply
S\\QW
5.2.6.4 Vibration test (type test)A’\Q’
NOTEH| 00.

To v
be e

o _Q

For §

NOTE|

No special considerations made\ﬁ?@e product committee, beyond the conditions outlined in 5.1.5.3.1

erify the mechanical vit@&%n strength the SMPS in combination with its installation
aluated by: .

) tests defined iqﬁ section according to the conditions specified in Table 33; or

model PS.

‘MPS@a mass more than 100 kg, this test may be performed on sub-assemblies.

O

large equipment, the possibility of using a shock test as an alternative to a vibration test is

consid

shall

) calculatio &éimulation based on tests, as defined in this section, on a represenfative

under

cration
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Table 33 — Vibration test

Subject Test conditions
Test reference Test Fc of IEC 60068-2-6
Requirement reference 4.9
Preconditioning According to 5.1.2 and 5.2.1
Conditions Power supply unconnected
Motion Sinusoidal

Vibration amplitude/acceleration

1P Hz<f<57Hz 0,075 mm amplitude A

5l Hz < f < 150 Hz 10 m/s? (1 g) ~\~
Vibratfon duration 10 sweep cycles per axis on each of three mutually perp%!l lar ajxes
Detail|of mounting According to manufacturer’s specification '\

P

Wherg¢ the manufacturer specifies vibration levels that are greater than those above, thﬁ\’h‘igher levels shall be
used for the test. The acceptance criteria shall not be changed. b‘/
Wherg the environmental conditions are known to be lower product committees usi is standard as a refgrence
docungent might specify lower level or no vibration test according to this table. T, ceptance criteria shall pot be

changled. C)

NOTE| Ths test is an accelerated test which means that the level is highf\ n indicated in Table 18.

5.2.6.5 Salt mist test (type test)

O\
N
NOTE| No special considerations made by the product co ittee, beyond the conditions outlined in 5.1.5.3.100.

To verify the resistance against salt mist, Y& SMPS in combination with its installation [shall

be eyaluated by tests defined in this sg@'& according to the conditions specified in Tablg 34.
4\

For $MPS with a mass more than @) kg, this test may be performed on sub-assemblies.

N

C}\O Table 34 — Salt mist test

Subject Q : Test conditions
Test rpference O Test Kb of IEC 60068-2-52
A4
Requifement referer@o Table 18
e > .
Precowdmonlngf\Q‘ According to 5.1.2 and 5.2.1
Conditions é\'j Power supply unconnected
Sever| ty@, Severity level 2
Wherd-4ho menuiacturerspesifics-—satmistiovels-thatarogroatorthan-those-above—the-higherevels-shatbd used

for the test. The acceptance criteria shall not be changed.

Where the environmental conditions are known to be lower product committees using this standard as a reference
document might specify lower level or no salt mist test according to this table. The acceptance criteria shall not be
changed.

5.2.6.6 Dust and sand test (type test)

NOTE No special considerations made by the product committee, beyond the conditions outlined in 5.1.5.3.100.

To verify the mechanical strength against dust and sand the SMPS in combination with its
installation shall be evaluated by tests defined in this section under the conditions specified in
Table 35.
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For SMPS with a mass more than 100 kg, this test may be performed on sub-assemblies.

Table 35 — Dust and sand test

Subject Test conditions

Test reference Test Lc1 of IEC 60068-2-68

Requirement reference Table 18

Preconditioning According to 5.1.2 and 5.2.1

Conditions Power supply unconnected

Partic|
Dust g
Air ve
Air pr

Test d

T SIZE Fmedust

oncentration 2 g/m?

ocity 5 m/s

bssure in the specimen Air pressure in the specimen is that of the ambient air.preSsure

uration 24 h

Wherg
be us

Wherg
docun
not b4

the manufacturer specifies dust and sand levels that are greater than those above, the higher levels s}
bd for the test. The acceptance criteria shall not be changed.

the environmental conditions are known to be lower product committees usihg this standard as a referg
ent might specify lower level or no dust and sand test according to this tabley The acceptance criteria s
changed.

all

nce
hall

5.2.7

For t
shall
or ur
the s

NOTH

For
systg

The

Ther
leakad
mech

After]
5.2.3

Hydrostatic pressure test (type test and routine test)

ype tests, the pressure inside the cooling systern of a liquid cooled SMPS (see 4.7.2
be increased at a gradual rate until a pressure relief mechanism (if provided) oper
til a pressure of twice the operating valie or 1,5 times the maximum pressure rati
ystem is achieved, whichever is the gréater.

For the purpose of this test the coolant\pimp may be disabled.

foutine tests, the pressure_shall be increased to the maximum pressure rating o
m.

bressure shall be maintained for at least one minute.

b shall be no thefmal, shock, or other hazard resulting from the test. There shall 4
ge of coolant-or loss of pressure during the test, other than from a pressure
anism dudihg a type test.

thechydrostatic pressure type test the SMPS shall pass the a.c. or d.c. voltage tg
A

.3.3)
ates,
hg of

f the

e no
relief

st in

6 |

nformation and marking requirements

The provisions of Clause 6 of IEC 62477-1:2012 apply, except as follows.

6.1

General

Replacement

The provisions of clause 6.1 of IEC 62477-1:2012 apply, except the Table 36 is replaced by:
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Table 36 — Information requirements

Information Subclause Location &b Technical subclause
reference 1 2 3 4 s reference
For selection 6.2
Manufacturer’s name or trademark 6.2 X X X[ X] X
Catalogue number 6.2 X X X
Voltage rating 6.2 X X X
Current / power rating 6.2 X X X
Power rating 6.2 X X X
Frequency and numbers of phases 6.2 X X X
Prot¢ctive class 6.2, 6.3.7.3 X X X 4.4.6,4.4.4.3.2,
4.4.6.3
Typqg of electrical supply system 6.2; 6.3.7.2 X 6.3.7.2
Shorlt circuit ratings 6.2 X 4.3
IP relting of enclosure 6.2 X X X 4.4.3.3,4.12.
Reference to standards 6.2 X
Supply requirements for the load 6.2 X
Coolpnt type and design pressure 6.2 X X 4.7.2
Reference to instructions 6.2 X X
Addifional marking requirements for SMPS 6.2.100 X X X
Additional information for component SMPS 6.2:101 X X
For installation and commissioning 6.3
Dimgnsions (SI units) 6.3.2 X X
Mas$ (S| units) 6.3.2 X| X X
Moupting details (S| units) 6.3.2 X X
Opetrating and storage environments 6.3.3 X X 4.9
Handlling requirements 6.3.4 X[ X X
Enclpsures temperature 6.3.5 X X 4.6.4.2,4.6.3.1
Interconnection and wiring~diagrams 6.3.6.2 X X
Cable requirements 6.3.6.3 X X 4.1
Ternjinal details 6.3.6.4 X X 4.11.8
Polarity identification 6.3.6.4.100 X X
Mains socket:outlets 6.3.6.4.101 X| XX
Field wiring terminal temperature marking 6.3.6.4.102 X X
Protection requirements 6.3.7 X X 4.3
Accessible parts and circuits 6.3.7.1 X X 4.43.3;4.4.6.4.2
Touch current 6.3.7.4 X X 4.4.43.3
Manual reference for high touch current 6.3.7.4.100 X X 4.4.3.3
Compatibility with RCD 6.3.7.5 X X 4.4.8
Special requirements 6.3.7.6 X X
External protective devices 6.3.7.7 X X 4.3.2,4.3.3,5.2.4
Replacement fuse identification and rating 6.3.7.7.100 X X X
markings
Commissioning information 6.3.8 X
For use 6.4
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Information Subclause Location & P Technical subclause
reference reference
1 2 3 4 5

General 6.4.1 X

Adjustment 6.4.2 X

Labels, signs and signals 6.4.3 X

For maintenance 6.5

Date code or serial number 6.5.1 X

Maintenance procedures 6.5.1 X 4.4.3.3

Maintenance scheaules 6.5.7 XX

Sub-{assembly and component locations 6.5.1 X

Rep4ir and replacement procedures 6.5.1 X

Adjugtment procedures 6.5.1 X| XX

Spegial tools list 6.5.1 X X

Capacitor discharge 6.5.2 X X X 4434

Auto| restart/bypass 6.5.3 X WX |X

Othdr hazards 6.5.4 X X X

Multiple power sources 6.5.5 X| XX

Elecfrical ratings (for multiple power sources) 6.5.5.100 X X

Extefnal disconnect device 6.5.100 X| XX

Power cord as disconnecting device 6.5.104 X | X[ X

28  Uocation: 1. On product (see 6.4.3); 2. On packaging;"\3. In installation manual; 4. In user’s manual; [5. In
maintenance manual.

b The installation, user's and maintenance manuals™may be combined as appropriate and, if acceptable tp the
dustomer, may be supplied in electronic format. When more than one of any product is supplied to a s|ngle
dustomer, it is not necessary to supply a manual with each unit, if acceptable to the customer.

6.2 | Information for selection

Each part of a SMPS that is{supplied as a separate product shall be provided with inform'lation
relating to its function, electrical characteristics, and intended environment, so that its fijness
for gurpose and compatibility with other parts of the SMPS can be determined. |This

infor]nation includes: byt is not limited to:
h

e name oftrademark of the manufacturer, supplier or importer;
catalogue number or equivalent;

blectrical ratings for each power port:

piaximum nominal input voltage:

maximum nominal output voltage;

maximum nominal output current or nominal output power rating;

maximum nominal input current rms for dimensioning overload protective elements and

wiring;
number of phases (e.g. 3 a.c.);

nominal frequency range; (e.g. 50-60Hz) protective class (I, I1, 1lI);

— the type of electrical supply system (e.g. TN, IT, etc.) to which the SMPS may be
connected;

—  prospective short circuit current rating(s) in accordance with 4.3.2.2 and 5.2.4.4;

— output short circuit current accordance with 4.3.2.3;
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—  protective device characteristics, in accordance with 4.3.2 and 5.2.4.4;
— supply requirements of the load (if applicable);

— liquid coolant type and design pressure for liquid cooled SMPS;

— IP rating for enclosure;

— operating and storage environment;

— reference(s) to relevant standard(s) for manufacture, test, or use;

— reference to instructions for installation, use and maintenance.

ormaticn-shall-betlimited-tothat-which-is-essenti j and
should relate to specific equipment. If informatio shall
adily possible to distinguish between them.

6.2.100 Additional marking requirements for SMPS

NOTE| Requirements have been taken from IEC 62368-1.

The BMPS shall be marked with the following information:

a) njature of supply:

e nature of the supply voltage, DC, AC, or three-phase AC, shall be marked on the
uipment and shall immediately follow the equipmeént voltage rating. If a symbol is jused
tg identify AC or DC, the symbol IEC 60417-5032 (2002-10) shall be used for AC anf the
symbol IEC 60417-5031 (2002-10) shall be used for d.c, as shown in Table C.100.

ree-phase equipment may be identified with™“3-phase” or “3@” or any other arrangement
that clearly indicates the phase of the supply voltage of the equipment.

NPTE 1 Use IEC 61293:1994 as guidance formarking of rated voltages. The rating should help to distifguish
bétween 3-phase supplies with and without_neutral.

b) rated voltage:

The rated voltage of the equipment shall be marked on the equipment. The voltage rating
marking shall be immediately’followed by the nature of the supply marking.
T

he rated voltage may be

—| a single, nomindkwvalue, or

—| a single nominal value and a tolerance percentage of the nominal value, or

—| two or mére nominal values separated by a solidus (/), or

—| arange)indicated by minimum and maximum values separated by a hyphen, or

—| any,ether arrangement that clearly indicates the voltage of the equipment.

Ifl the“equipment has more than one nominal voltage, all such voltages may be markgd on
the equipment. However, the voltage for which the equipment is set shall be clearly
indicated.

For transportable SMPS the indication shall be visible from the exterior. If the SMPS is so
constructed that the supply voltage setting can be altered without the use of a tool, the
action of changing the setting shall also change the indication.

Three-phase equipment shall be marked with the phase-to-phase voltage, a symbol
indicating power supply system in accordance with IEC 61293:1994, a solidus (/), the
phase-to-neutral voltage, the symbol for voltage (V) and the number of phases, in that
order. Any other arrangement that clearly indicates the three-phase rated voltage of the
equipment is also acceptable.

NOTE 2 The solidus (/) represents the word “or” and the hyphen (-) represents the word “to”.
c) rated frequency:

The rated frequency of the equipment shall be marked on the equipment.
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The rated frequency may be

— asingle, nominal value, or

— asingle nominal value and a tolerance percentage of the nominal value, or

— two or more nominal values separated by a solidus (/), or

— arange indicated by minimum and maximum values separated by a hyphen, or

— any other arrangement that clearly indicates the rated frequency of the equipment.
d) rated current or rated power:

The rated current or rated power of the equipment shall be marked on the equipment.

Fr three-phase equipment, the rated current or rated power is the current or power\o
phase.

ubclause 5.2.3.100 establishes criteria for the way in which rated current or.ratéd p
e measured.

TE 3 The rated current or rated power need not be stated to more than one significant)digit.

TE 4 In some countries, for markings on equipment, a period is required as the decimal designator.

the equipment has a mains socket-outlet for providing, fmains power to
uipment, the rated current or rated power of the equipment shall include the assi
rrent or power of the mains socket-outlet (see also clause 6.3.6.4.101).

O 0= Z Z 9

the equipment has more than one rated voltage, the rated current or rated powe
ch rated voltage shall be marked on the equipment.cThe arrangement of the mar
all clearly indicate the rated current or rated power(associated with each rated vo
the equipment.

o w 0O =

e) DC outputs and AC auxiliary outputs of stand-alone SMPS shall be marked with pol

vpltage and current ratings. In addition AC -auxiliary outputs shall be marked wit
frequency if different from the input frequency. This information may be provided i
instructions if the output appears on a pelafized connector.

f)

entilation and orientation requirements, if this information is necessary for
operation.

6.2.1(01 Additional information-for component SMPS
Component SMPS shall be.ptovided additionally with the following information for inpu
speclfications

Ltput DVC classification;
Ltput ratings.(voltage, current and/or power);

o
o]

— specification of limits for intermittent operation;
optput-limited power source (LPS) classification;
v

bntilation and orientation requirements.

one

ower

bther
gned

r for
ings
tage

rity,
the
h the

safe

and

t as applicable, eithervon the unit or in the installation instructions or data shedts or

6.3 Information for installation and commissioning

6.3.1 General

Safe and reliable installation is the responsibility of the installer, machine builder, and/or user.

The manufacturer of any part of the SMPS shall provide information to support this task.
information shall be unambiguous, and may be in diagrammatic form.

6.3.2 Mechanical considerations
The following drawings shall be prepared by the manufacturer:

— dimensional drawing, including mass information;

— mounting drawing.

This
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Dimensions, mass, etc., shall be in Sl units.

6.3.3 Environment

In accordance with 4.9 the following environmental conditions shall be specified
operation, transportation and storage:

— climatic (temperature, humidity, altitude, pollution, ultra-violet light, etc.);

— mechanical (vibration, shock, drop, topple, etc.);

— electrical (overvoltage category).

, for

NOTE| Environmental categories as specified in IEC 60721 may be used where appropriate.

6.3.4 Handling and mounting

QY
+
b(o

In orfer to prevent injury or damage, the installation documents shall includeq\g}nings o]
hazafds which can be experienced during installation. Where necessary, i&é}uctions shd

provided for: b‘,
— packing and unpacking; ,\(19

- oving; (b
- lifting; \Q/C)

[ any
Il be

— sfrength and rigidity of mounting surface; 6\
— fastening; Q
- rovision of adequate access for operation, ad;\{gment and maintenance.
6.3. Enclosure temperature Q:\Q
Whep surface temperatures of the SMP ?Qose to mounting surfaces, exceed the limit of
4.6.4.2 , the installation manual shall, ain a warning to consider the combustibility df the
mounting surface. R\

xO
Whefe required by 4.6.3.1, t ollowing marking shall appear on the SMPS and in the
instajlation instructions: “sui for mounting on concrete or other non-combustible surfaces
only’} .
6.3. Connectio €)®
6.3.6.1 Gene@’
Information @ | be provided to enable the installer to make safe electrical connection tp the
SMPE. T, hall include information for protection against hazards (for example, elgctric
shoc vailability of energy) that may be encountered during installation, operatign or

maintendnce.

6.3.6.2 Interconnection and wiring diagrams

The installation and maintenance manuals shall include details of all necessary connections,

together with a suggested interconnection diagram.

6.3.6.3 Conductor (cable) selection

The installation manual shall define the voltage and current levels for all connections to the
SMPS, together with cable insulation requirements. These shall be worst-case values, taking

into account short circuit and overload conditions and the possible effects of non-sinus
currents.

oidal
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6.3.6.4 Terminal capacity and identification

The installation and maintenance manuals shall indicate the range of acceptable conductor
sizes and types (solid or stranded) for all terminals, and also the maximum number of
conductors which can simultaneously be connected.

For field wiring terminals, the manuals shall specify the requirements for tightening torque
values and also the insulation temperature rating requirements for the conductor or cable.

The identification of all field wiring terminals shall be marked on the SMPS, either directly or
by a label attached close to the terminals.

The [installation and maintenance manuals shall identify all external terminals relating to
circujts protected by one of the methods of 4.4.6.4.

Addition:

6.3.6.4.100 Polarity identification

The polarity of DC mains supply terminals and DC outputs of SMPS'shall be marked op the
prodiict or can be provided in the accompanying documents for component SMPS.

If a gingle 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
the symbol IEC 60417-5019 (2006-08) (see Annex C), in addition to polarity marking.

Thesfe indications shall not be located on screws or/other parts that might be removed when
condpctors are being connected.

6.3.6.4.101 Mains socket-outlets

Mains socket-outlet accepting standard; mains plugs shall be marked with the voltage if it is
diffefent from the mains supply voltage. If the mains socket-outlet is for use only| with
speclfic equipment, it shall be marked to identify the equipment for which it is intended. If not,
the maximum rated current or power shall be marked, or symbol 1ISO 7010-W001 shown in
Tabl¢ C.1 placed beside themains socket-outlet with the full details included in the
documentation.

Compliance is checked)by inspection and by measurement of power or input current to gheck
the marking of 6.2.100 d). The measurement is made after the current has reachpd a
stationary stage.(usually after 1 min) so as to exclude any initial inrush current. The SMPS
shall| be in the’~condition of maximum power consumption. Transients are ignored.| The
measgured value shall not exceed the marked value by more than 10 %.

6.3.6.4:102 Field wiring terminal temperature marking

If the temperature of the terminals or the enclosure of a field-wiring terminal box or
compartment exceeds 60 °C in normal condition at an ambient temperature of 40 °C, or the
maximum rated ambient temperature if higher, there shall be a marking of the minimum
temperature rating of the cable to be connected to the terminals. The marking shall be visible
before and during connection, or be beside the terminals.

Compliance, in case of doubt, is checked by measurement and if applicable, by inspection of
markings.
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6.3.7 Protection requirements
6.3.7.1 Accessible parts and circuits

The installation and maintenance manuals shall identify any accessible parts at voltages
greater than DVC As, and shall describe the insulation and separation provisions required for
protection.

The manuals shall also indicate the precautions to be taken to ensure that the safety of
DVC As connections is maintained during installation.

Whefe a hazard is present afier the removal of a cover, a warning label shall be placed\oh the
equipment. The label shall be visible before the cover is removed.

The manual of a SMPS shall state the maximum voltage allowed to be conne€ted to feach
port.

The [manuals shall provide instructions for the use of PELV circuits "within a zone of
equipotential bonding.

6.3.7.2 Type of electrical supply system

Thenlnstallation manual of the SMPS shall specify requiremenis for safe earthing includinp the
permiitted earthing system of the installation (see 4.4.7.1.4(.

The finacceptable earthing systems shall be indicatéd &s:

— nfot permitted; or
— With modification of values and/or safetydevels which shall be quantified through type|test.

6.3.7.3 Protective class
6.3.7.3.1 General

The |nstallation manual of the:SMPS shall declare the protective class specified for the JMPS
and fhe product shall be njarked according to the requirement of 6.3.7.3.2, 6.3.7.3.3| and
6.3.7.3.4.

6.3.7.3.2 Protective class | equipment

Terntinals for contrection of the PE conductor shall be clearly and indelibly marked with ope or
morg of the foNowing:

—

- v]we symbol IEC 60417-5019 (2011-01) (see Annex C); or
ith'the letters PF: or

— the colour coding green or green-yellow.
6.3.7.3.3 Protective class Il equipment

Equipment of protective class Il shall be marked with symbol I[EC 60417-5172 (2011-01) (see
Annex C). Where such equipment has provision for the connection of an earthing conductor
for functional reasons (see 4.4.6.3) it shall be marked with symbol IEC 60417-5018 (2011-01)
(see Annex C).

6.3.7.3.4 Protective class lll equipment

No marking is required on the product.
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7.4 Touch current marking

Where the touch current in the PE conductor exceeds the limits given in 4.4.4.3.3, this shall
be stated in the installation and maintenance manuals. In addition, a warning symbol 1SO
7010-W001 (2011-06) (see Annex C) shall be placed on the product, and a notice shall be
provided in the installation manual to instruct the user that the minimum size of the PE
conductor shall comply with the local safety regulations for high PE conductor current

equ

ipment.

Addition

6.3.

7.4.100 Manual reference for high touch current

Where the touch current in the PE conductor exceeds the limits given in 4.4.4.3.3.£in adTition

to 6{3.7.4 the markings 1SO 7000-0434 and ISO 7000-1641 (see Table C.100) sha
provided.

6.3.

The

When 4.4.8 b) applies, a caution notice and the symbol ISO (010-W001 (2011-06)
Anngx C) shall be provided in the user manual, and the sympol shall be placed or
prodbict. The caution notice shall be the following or equivalént: “This product can ca(

d.c.

is ug

7.5 Compatibility with RCD marking

nstallation and maintenance manuals shall indicate compatibility with RCDs (see 4

Current in the PE conductor. Where a residual current«operated protective device (

| be

4.8).
(see

the
se a
RCD)

ed for protection against electrical shock, only an MRCD of Type B is allowed of the

supply side of this product.” (See 6.4.3 for general requirements for labels, signs and signals.)

and

6.3.7.6 Cable and connection

Any particular cable and connection requirements shall be identified in the installation and
mainfenance manuals.

6.3.7.7 External protection devices

Whefe external protective devices are necessary to protect against hazards, the installption
and [maintenance manual shalt’ specify the required characteristics (see also 5.2.4
4.3.2.1).

Addition:

6.3.7.7.100 Replacement fuse identification and rating markings

NOTE| Requirements have been taken from IEC 62368-1.

If a

markled-adjacent to the fuseholder. Identification shall include the fuse current rating an

fusé is’ replaceable by an operator, identification of a suitable replacement fuse shall be

the

following as appropriate:

if the fuse needs a special breaking capacity to ensure safety, the appropriate symbo
indicates the breaking capacity;

if the fuse can be replaced with a fuse of a different voltage rating, the fuse voltage ra

| that

ting;

if the fuse is a time-delay fuse, and the time-delay is safety relevant, the appropriate

symbol that indicates the time-delay.

If a fuse is replaceable by an operator, the codings of the relevant fuses shall be explained in

the

If a

user instructions.

fuse is only replaceable by a service person:
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— identification of a suitable replacement fuse shall be marked adjacent to the fuse or shall
be provided in the service instructions;

— if the fuse is, or could be, in the neutral of the mains supply, the instruction shall state
that the fuse is in the neutral, and that the mains supply shall be disconnected to
de-energize the phase conductors.

If a fuse is not intended to be replaceable, fuse ratings need not be marked.

Compliance is checked by inspection.

6.3.8
If co

infor
man

Com
durin

6.4
6.4.1

The
parti
expld

The
misu

6.4.2

The
The
devid
prod

that

Clea
of th

inforfation to support these tests shall be provided for each part of the SMPS.
f

MainIenance adjustmgnts may also be described in this manual, but it shall be made

Commicsion

mmissioning tests are necessary to ensure the electrical and thermal safety of-a~S

ation can depend on the specific installation, and close cooperation bet
acturer, installer, and user can be required.

missioning information shall include references to hazards that_might be encoun
g commissioning, for example those mentioned in 6.4 and 6.5.

Information for use
General
iser's manual shall include all information regarding the safe operation of the SMA

ular, it shall identify any hazardous materials~gnd risks of electric shock, overhez
sion, excessive acoustic noise, etc.

e of the SMPS.

Adjustment

Liser's manual shall give details of all safety-relevant adjustments intended for the
dentification or function.efoeach control or indicating device and overcurrent protg

ict, the information ghall be provided pictorially in the manual.

hey should ohly be made by qualified personnel.

warnings shall be provided where excessive adjustment could lead to a hazardous
e SMPS.

PS,
This
veen

ered

S. In
ting,

manual should also indicate any hazard§&which can result from reasonably foresegable

Lser.
ctive

es shall be marked adjacent to the item. Where it is not possible to do this on the

clear

State

Any

6.4.3
6.4.3

peciar equipment mecessary for making adjustments shattbe specifiedanddescribe

Labels, signs and signals

1 General

Labelling shall be in accordance with good ergonomic principles so that notices, controls,
indications, test facilities, overcurrent protective devices, etc., are sensibly placed and
logically grouped to facilitate correct and unambiguous identification.

All safety related equipment labels shall be located so as to be visible after installation or

readi

ly visible by opening a door or removing a cover.
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Where a symbol is used, the information provided with the SMPS shall contain an explanation
of the symbol and its meaning.

Lab

When instructing the person(s) concerned as to

The

®)
Safefy signs shall comply with ISO 3864-1. QQ

els shall:
wherever possible, use international symbols as given by ISO 3864-1, ISO 7000 or
IEC 60417;

if no international symbol is available, be worded in an appropriate language or in a
language associated with a particular technical field;

be conspicuous, legible and durable;

ble concise and unambiguous;

sfate the hazards involved and give ways in which risks can be reduced. Q;\“
NO

Q
hat to avoid: the wording should include “no”, “do not”, or “prohibitedwq’

W
4
what to do: the wording should include “shall”, or “must”; Qb‘

—

ppropriate; (b

the nature of safe conditions: the wording should incl C'{he noun appropriate t¢ the
spfety device. X

aIe nature of the hazard: the wording should include “caution’ P{/lérning”, or “dangeyf”’, as

bignal words indicated hereinafter shall be P\@ and the following hierarchy respectef:

OANGER to call attention to a high risk&,@eéxample: “High voltage”.

WARNING to call attention to a medi@ risk, for example: “This surface can be hot.”
d

S

AUTION to call attention to a lay isk, for example: “Some of the tests specified in this
tandard involve the use of prq@ses imposing risks on persons concerned.”

Danger, warning and cauti &arkings on the SMPS shall be prefixed with the |word
“DANGER”, “WARNING”, of “CAUTION” as appropriate in letters not less than 3,2 mm high.

The

£ 4 o o
Souruco VI PpUWUTT TU e Oonvir o.

6.4.

3.2 Isolatorsc)o

Whefe an isol@device is not intended to interrupt load current, a warning shall state:

emaining letters of@fc,h markings shall be not less than 1,6 mm high.~

§ DO NOT OPEN UNDER LOAD.

ing requirements apply to any supply isolating device which does not disconnelct all

MODO

If the isolating device is mounted in an equipment enclosure with the operating handle
externally operable, a warning label shall be provided adjacent to the operating handle
stating that it does not disconnect all power to the SMPS.

Where a control circuit disconnector can be confused with power circuit disconnectors due
to size or location, a warning label shall be provided adjacent to the operating handle of
the control circuit disconnector stating that it does not disconnect all power to the SMPS.

3.3 Visual and audible signals

Visual signals such as flashing lights, and audible signals such as sirens, may be used to
warn of an impending hazardous event such as the driven equipment start-up and shall be
identified.
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It is

Itis

NOT

6.4.

6.4.

The

be marked adjacent to the item. Replaceable overcurrent protectj
with ftheir rating and time characteristics. Where it is not poss@ to do this on the product,

the

Apprppriate identification shall be marked on or adjace&t@each movable connector.

Tes

The

The

6.5

&
polarity of any polarized devices shall be @sa\rked adjacent to the device.
b\
Hiagram reference and if possible @function shall be marked adjacent to each pre-set
contrnol in a position where it is clearlw ible while the adjustment is being made.
xO
Information for mainten e
N
1 General C)\

6.5.

The

manyfacture can b rmined.

app

NOT

NOT

Whefe required by 4.6.4.2 the warning symbol ISO 7010-W017 (2011-06) (see A@gi C)|[shall
be marked on or adjacent to parts exceeding the touch temperature limits of T, 5

Safety informa@shall be provided in the installation and maintenance manuals including, as
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essential that these signals:

are unambiguous;
can be clearly perceived and differentiated from all other signals used;
can be clearly recognized by the user;

are emitted before the occurrence of the hazardous event.

recommended that higher frequency flashing lights be used for higher priority information.

E IEC 60073 provides guidance on recommended flashing rates and on/off ratios.

3.4 Hot surfaces

3.5 Control and device marking b&:\ :
dentification of each control or indicating device and overcurremﬁotective devices|[shall
evices shall be marked

imformation shall be provided pictorially in the manual. \(</

t|points shall be individually marked with the ci\QQit diagram reference.

SMPS shall Z@ed with the date code, or serial number from which the dage of

ropriate, fhg following:

plre ive maintenance procedures and schedules;

n
[0
)
¢

LY e ation
—_—

location of live parts that can be accessible during maintenance (for example, when
covers are removed);

adjustment procedures;

sub-assembly and component repair and replacement procedures;
any other relevant information.

E 1 These can best be presented as diagrams.

E 2 Alist of special tools can be provided, when appropriate.
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6.5.2

Capacitor discharge

When the requirements in 4.4.3.4 are not met, the warning symbol ISO 7010-W012 (2011-06)
(see Annex C) and an indication of the minimum discharge time required for discharge under
worst conditions (for example, discharge time 5 min) shall be placed in a clearly visible
position on the enclosure, the capacitor protective barrier, or at a point close to the
capacitor(s) concerned (depending on the construction). The symbol shall be explained and
the time required for the capacitors to discharge after the removal of power from the SMPS

shall

be stated in the installation and maintenance manuals.

NOTE The value of the discharge time declared by the manufacturer may cover a range of SMPS taking into

accou

it the relevant tolerances for the complete range of SMPS

6.5.3
If a

installation, user and maintenance manuals shall contain appropriate warning Statements

A SN
powe

6.5.4 Other hazards

The

as applicable, any components and materials of a SMPS which require special procedur

prev

6.5.

In adcordance with 4.8, where there is more than one source of supply energizing the S
infornation shall be provided to indicate wflich disconnect device or devices are requir

be o

Addi

6.5.5.100 Electrical ratings (for multiple sources of supply)

If the
rated

If thg
volta
volta

The

Auto restart/bypass connection

SMPS can be configured to provide automatic restart or bypass cQfnection

IPS which is set to provide automatic restart or bypass connection, after the remoy
r, shall be clearly identified at the installation.

manufacturer shall identify, on the product, in the installation and maintenance man

nt hazards on the product.

Equipment with multiple sources of supply

erated in order to completely isolatetthe equipment.

jon:

equipment has multiple supply connections, each connection shall be marked wi
current or rated power.

equipment.has multiple supply connections, and if each connection has a different
ge than the-other supply connections, each connection shall be marked with its
je.

pyerall system electrical rating need not be marked.

the

al of

uals,
s to

VIPS,
bd to

h its

rated
rated

Compliance is checked by inspection.

Addition:

6.5.1

00 Disconnect device external to permanently connected equipment

Installation instructions shall state that an appropriate disconnect device shall be provided as
part of the building installation.
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01 Power cord acting as disconnecting device

The safety instructions shall state that the mains socket-outlet shall be easily accessible.
For pluggable equipment intended for installation by an operator, the installation
instructions shall be made available to the operator.

Addition:

7 Components

7.1 General

Where safety is involved, components shall comply either with the requirements off this

document or, where specified in a requirements clause, with the safety aspects of-thé rel¢vant

IEC ¢omponent standards.

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

scope|

Where use of an IEC component standard is permitted above, levaluation and testing of

components shall be conducted as follows:

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

— alcomponent that has been demonstrated to comply, with a standard harmonized with the
relevant IEC component standard shall be subjected to the applicable tests of] this
dchument, as part of the equipment, with theexception of those tests that are part df the
r¢levant IEC component standard;

— alcomponent that has not been demonstrated to comply with a relevant standard as apove
shall be subjected to the applicable tests of this document, as part of the equipment| and
tg the applicable tests of the compenent standard, under the conditions occurring in the
efuipment; and

— where components are used imeircuits not in accordance with their specified ratingg, the
cpmponents shall be tested-under the conditions occurring in the equipment. The number
of samples required for-ifest is, in general, the same as required by an equivalent
standard.

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

Tablg¢ 103 showstanh overview of the components requirements.

Table 103 — Component requirements
Component Subclause
Switches 7.2
Overtemperature protection devices (thermal cut-offs or thermal links) 7.3
PTC thermistors 7.4
Overcurrent protective devices 7.5
Other protective devices requirements 7.6
Transformers 7.7
Motors 7.8
Mains supply cords 7.9
Surge protective devices (SPDs) 7.10
Wound components 7.1
IC current limiters 7.12
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Component Subclause
Capacitors and RC units bridging insulation 7.13
Optocouplers bridging insulation 7.14
Relays 7.15
Electrolytic capacitors 7.16

7.2
7.2.1

Switches

General

7.2 sppecifies requirements for switches that are located in circuits directly connected-te mains

circu

NOTE]
consig

7.2.2

NOTE

A dis

Whe

Parts

the cIsconnect device is switched off, shall be guarded to reduce the risk of accidental co

by s

ts.

Voltage selector devices typically used to change the supply voltage configuration of pewer supplies 4
ered to be switches, as they are not operated under load.

Requirements for switches acting as disconnecting device

Requirements have been taken from IEC 61010-1 and IEC 62368-1.

connect device shall be provided to disconnect the equipment from the supply.

connect device may be:

e plug on the power supply cord; or

h appliance coupler; or

h isolating switch; or

circuit breaker; or

Ny equivalent means for disconnection.
bquipment intended to be powered from an AC mains that is overvoltage categq
oltage category Il or ovenrialtage category Ill, or from a DC mains that is DVC

nnect device shall havera.eontact separation of at least 3 mm. For an AC mains th
oltage category IV, IEC.60947-1 shall apply.

on the supply side of a disconnect device in the equipment, that remain energized

rvice)persons. As an alternative, instructions shall be provided in the service manu

re not

ry |,
C, a
at is

 incorporated in(the equipment, the disconnect device shall be connected as close]y as
pracficable to the incoming supply.

vhen
htact
Al

A disconnect device shall simultaneously interrupt all phase conductors and the neutral
conductor. The neutral conductor does not need to be switched, when it is possible to rely on
the identification of the neutral in the mains.

For permanently connected equipment the disconnect device shall be incorporated in the
equipment, unless the equipment is accompanied by installation instructions shall comply
with 6.5.100.

NOTE

External disconnect devices will not necessarily be supplied with the equipment.

Where a plug on the power supply cord is used as the disconnect device, the installation
instructions shall comply with 6.5.101.
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An equipment switch or circuit-breaker employed as a disconnecting device shall meet the
relevant requirements of IEC 60947-1 and IEC 60947-3 and be suitable for the application.

If the power supply switch or circuit-breaker is used as the disconnecting device, the off-
position shall be clearly marked. Graphical symbols I|IEC 60417-5007 (2002-10) and
IEC 60417-5008 (2002-10) (see Annex C) or IEC 60417-5268 (2002-10) and IEC 60417-5269
(2002-10) (see Annex C) for push-button switches.

A switch shall not be incorporated in a mains supply cord.

A switch-ercircuit-breakershalretinterrupta—protestive-earth-condusctor

Compliance is checked by inspection.

7.2.3 Requirements for switches

A switch not complying with 7.2.1 may be tested separately or in the equipment and [shall
comply with all of the following:

bmply with the requirements of IEC 61058-1:2000/AMD1:20041/AMD2:2007, whereby the
llowing applies:

e| 10 000 operating cycles (see 7.1.4.4 of IEC 61058-1:2000/AMD1:2001/AMD2:2007);

o[ the switch shall be suitable for use in the pollution)degree environment in which it is
used, typically a pollution degree 2 environment

(see 7.1.6.2 of IEC 61058-1:2000/AMD1:2009/AMD2:2007);
o[ the switch have a glow wire temperature«f)850 °C
(see 7.1.9.3 of IEC 61058-1:2000/AMBP442001/AMD2:2007);

o[ the characteristics of the switchwith regard to the ratings and classification |(see
IEC 61058-1) shall be appropriate/for the function of the switch under normal operfpting
conditions as given below:

i) the ratings of .the switch (see Clause6 of IEC 61058-1:2000/
AMD1:2001/AMD2:2007);

ii) the classification of'the switch according to:
a) nature ofssupply (see 7.1.1 of IEC 61058-1:2000/AMD1:2001/AMD2:2007);

b) type ©Of,10ad to be controlled by the switch (see 7.1.2 of IEC 61058-1:2000/
AMBJ:2001/AMD2:2007);

c) ~ambient air temperature (see 7.1.3 of IEC 61058-1:2000/AMD1:2001/
AMDZ2:2007);

Coempliance is checked according to IEC 61058-1:2000/AMD1:2001/AMD2:2007.

° the switch shall he so constructed that it does not attain excessive fnmpnr:\fnrnc dnder
normal operating conditions. Compliance is checked in the on-position according to
16.2.2 d), I) and m) of IEC 61058-1:2000/AMD1:2001/AMD2:2007, except the current is
the sum of the equipment current and the maximum current supplied to other
equipment, if any.

e

~

e a mains switch controlling connectors supplying power to other equipment shall
withstand the electrical endurance test according to 17.2 of
IEC 61058-1:2000/AMD1:2001/AMD2:2007, with an additional load according to Figure
9 of IEC 61058-1:2000/AMD1:2001/AMD2:2007. The total current rating of the
additional load shall correspond to the marking of the connectors supplying power to
other equipment. The peak surge current of the additional load shall have a value as
shown in Table 104.
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Table 104 — Peak surge current

Current rating Peak surge current
A A
up to and including 0,5 20
up to and including 1,0 50
up to and including 2,5 100
over 2,5 150

7.2.4| Test method and compliance criteria

The | tests of IEC 61058-1:2000/AMD1:2001/AMD2:2007 shall be applied. “Wwith| the
modifications shown in 7.2.3.

After| the tests, the switch shall show no deterioration of its enclosure and no looseniphg of
electfical connections or mechanical fixings.
7.3 | Overtemperature protection devices (thermal cut-offs or/thermal links)

NOTE| Requirements have been derived from clause 6.10.1 of IEC 61010-4:2010.

Overtemperature protection devices are devices operating'in single fault condition. [They
shallfmeet all of the following requirements:
a) be constructed so that reliable function is ensured;

b) be rated to interrupt the maximum voltage<and current of the circuit in which they are
mployed;

c) nlot operate in normal operation.

If a self-resetting overtemperature protection device is used to prevent a hazard in cage of
failune of a temperature control system (for example a thermostat), the protected part df the
equipment shall require intervention before becoming operational again.

Compliance is checked by~ inspection of the circuit diagram, the data sheet fon the
overlemperature protection ‘device, and the method in which it is installed in the equipment,
and by the following tésts, with the equipment operated in single fault condition.

The number of gperations is as follows:

1) sglf-resetting overtemperature protection devices are caused to operate 200 times;

2) non-self-resetting overtemperature protection devices, except thermal fuses, are feset
aftereach operation and thus caused to operate 10 times;

3) non-resetting overtemperature protection devices are caused to operate once.

Forced cooling and resting periods are allowed to be introduced to prevent damage to the
equipment. During the test, resetting overtemperature protection devices shall operate each
time the single fault condition is applied and non-resetting overtemperature protection devices
shall operate once. After the test, resetting overtemperature protection devices shall show no
sign of damage which could prevent their operation in a further single fault condition.

7.4 PTC thermistors
NOTE 1 Derived from requirements of IEC 62368-1:2014.

PTC thermistors used for protection according to 4.6.5, shall comply with Clauses 15, 17, J.15
and J.17 of IEC 60730-1:2010 or shall provide IEC 60730-1 Type 2.A.L. action.
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For PTC thermistors whose continuous power dissipation that appears at its maximum voltage
at an ambient temperature of 25 °C or otherwise specified by the manufacturer for tripped
state, determined as given in 3.38 of IEC 60738-1:2009, exceeds 15 W and with a size of
1750 mm3 or more, the encapsulation or tubing shall be made of V-1 class material or
equivalent material.

NOTE 2 Tripped state means the state in which PTC thermistors are shifted to a high resistance condition at a
given temperature.

Compliance is checked by inspection and where applicable by the tests of IEC 60730-1.

7.5

Over,
acco

Com

5 re-dei

current protective devices shall comply with their applicable IEC standards andibe
rding to their specification.

bliance is checked by inspection.

used

d in

g as

7.6 | Protective devices not mentioned in 7.2 to 7.5

7.6.1 Other protective devices requirements

Such protective devices (for example, fusing resistors, duse-links not standardize
IEC 0127 (all parts) or miniature circuit breakers) shall have adequate rating including
breaking capacity.

7.6.2 Compliance and test method

Compliance is checked by inspection and by pefforming single fault condition testin
speclfied in 5.2.4.

The {est is carried out three times.

No fgilure is allowed.

7.7 | Transformers

7.71 General

Trangformers shall comply with one of the following:

eet the requirements given in 7.7.2;

eet the requirements of IEC 61558-1 and the relevant parts of IEC 61558-2 (all ¢
ith the following additions and limitations:

arts)

th'e limit values for DVC As of this document apply (see Table 5);

7.7.2
7.7.2

for working voltages above 1 000 V RMS, see 18.3 of IEC 61558-1:2005/AMD1:2009,

using the test voltage specified in 4.4.7.10;
the overload test according to 5.2.4.100.

Insulation

A Requirements

Insulation in transformers shall comply with the following requirements.

Windings and conductive parts of transformers shall be treated as parts of the circuits to
which they are connected, if any. The insulation between them shall comply with the relevant
requirements of 4.4.7 and pass the relevant electric strength tests, according to the
application of the insulation in the equipment.
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Precautions shall be taken to prevent the reduction below the required minimum values of
clearances and creepage distance that provide basic insulation, supplementary insulation
or reinforced insulation by

displacement of windings, or their turns;
— displacement of internal wiring or wires for external connections;

— undue displacement of parts of windings or internal wiring, in the event of rupture of wires
adjacent to connections or loosening of the connections;

— bridging of insulation by wires, screws, washers and the like should they loosen or
become free.

It is ||10t expected that two independent fixings will loosen at the same time. All windings [shall
have|the end turns retained by positive means.

Exanpples of acceptable forms of construction are the following (there are other accepfable
forms of construction):

indings isolated from each other by placing them on separate limhs’ of the core, with or
ithout spools;

re pressed or moulded in one piece, or a pushed-on parfition wall has an intermediate

W
W
— windings on a single spool with a partition wall, where either(the spool and partition| wall
a
sheath or covering over the joint between the spool and the partition wall;

c

bncentric windings on a spool of insulating materialywithout flanges, or on insulgtion
applied in thin sheet form to the transformer core;

— insulation is provided between windings consisting of sheet insulation extending bejyond
the end turns of each layer;

— cpncentric windings, separated by an earthed conductive screen that consists of metal foil
ektending the full width of the windings,:with suitable insulation between each winding and
the screen. The conductive screen and its lead-out wire have a cross-section sufficignt to
ehsure that on breakdown of the insulation an overload device will open the circuit before
the screen is destroyed. The overload device may be a part of the transformer.

If a tfansformer is fitted with an‘éarthed screen for protective purposes, the transformer|shall
pass| the test of 5.2.4.3 between the earthed screen and the earthing terminal of the
transgfformer.

No electric strength _test applies to insulation between any winding and the core or scfeen,
provided that the care or screen is totally enclosed or encapsulated and there is no electrical
conngction to the.core or screen. However, the tests between windings that have terminations
contihue to apply-

7.7.2.2 Compliance criteria

@D
-
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7.8 Motors

Motors that are used for air-handling only and where the air-propelling component is directly
coupled to the motor shaft shall only be tested with locked rotor during fault conditions.

Motors connected to voltages other than DVC As have to be investigated to clearance and
creepage distances according to this document or an IEC standard for motors covering
spacing requirements.

AC motors with starting capacitors have to faulted by shorting and opening the starting
capacitor.
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A loss of phase test, according to 5.2.4.8, has to be conducted in the case of 3-phase AC
motors.

NOTE
7.9
NOTE

7.9.1

The only motors considered in this document are motors for air-handling.

Mains supply cords

Requirements have been derived from clause 6.10.1 of IEC 61010-1:2010.

General

The following requirements apply to non-detachable mains supply cords and to detachable

main

Cord
meet

If a q
heat-

If th
temp

Cond

condpctor terminals.

Deta

IEC $0320 (all parts) shall either meet the requitements of IEC 60799, or shall be rat

least
Figur

Com

s supply cords supplied with the equipment.

5 shall be rated for the maximum current for the equipment and the cable“Used
the requirements of the relevant parts of IEC 60227 (all parts) or IEC 60245((all par{

resistant material.

b cord is detachable, both the cord and the appliance cinlet shall have adeq
erature ratings.

uctors coloured green-and-yellow shall be used only for connection to protg

for the current rating of the mains connector fitted to the cord.
e 106 explains the terminology for mains supply cords.

bliance is checked by inspectionyand, where necessary, by measurement.

shall
S).

ord is likely to contact hot external parts of the equipment, it shall be.made of suitably

uate

ctive

chable mains supply cords with mains conné&ctors according to the relevant pants of

pd at
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a)
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Compliance is checked by inspection, and if needed by measurement of dimensions.

.2.2 Cordianchorage
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il

IEC

Fixed mains socket-outlet
Mains conneector
Mains plug

Appliance coupler
Appliance inlet
Cable

Fquipment

~N o O

Figure 106 — Detachable mains supply €ords and connections

2 Fitting of non-detachable mains supply.cords
21 Cord entry

ns supply cords shall be protected agaihst abrasion and sharp bends at the point where
cpord enters the equipment, by one.gf the following means:

n inlet or bushing with a smoethly rounded opening;

reliably fixed flexible cord. guard made of insulating material protruding beyond the|inlet

pening by at least five times the overall diameter of a cord with the largest cfoss-
sectional area which can~be fitted. For flat cords, the larger cross-sectional dimensipn is
taken as the overalkdiameter.

cord-anchorage shall relieve the conductors of the cord from strain, including twisting,

wherg <they are connected within the equipment, and shall protect the insulation of the

Cord anchorages shall meet the following requirements:

a)
b)
c)

d)

e)

the cord shall not be clamped by a screw which bears directly on the cord;
knots in the cord shall not be used;

it shall not be possible to push the cord into the equipment to an extent which could cause
a hazard;

failure of the cord insulation in a cord anchorage which has metal parts shall not cause
accessible conductive parts to become hazardous-live-parts;

it shall not be possible to loosen the cord anchorage without the use of a tool;
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f) it shall be designed so that cord replacement does not cause a hazard, and it shall be
clear how the relief from strain is provided.

A compression bushing shall not be used as a cord anchorage unless it is suitable for use
with the mains supply cord supplied with it or specified for it by the manufacturer.

Compliance is checked by inspection and by the following push-pull test:

For each combination of cord and bushing, the cord is pushed into the equipment manually,
as far as possible. It is then subjected 25 times to a steady pull of the value shown in
Table 105, applied for 1 s each time in the least favourable direction. Immediately afterwards
it is pubjected for 1 min to a torque of the value shown in Table 105. The torque shgll be
applied as close as possible to the external end of the cord anchorage or bushing.

Table 105 — Strain relief test force

Mass of the equipment Force Torque for torque test
kg N Nm
Up to and including 1 30 010
Over 1 up to and including 4 60 0,25
Over 4 100 0,35

After|the tests:

1) the cord shall not have been damaged;
2) the cord shall not have been displaced longitudinally by more than 2 mm,;
3) there shall be no signs of strain at the peint where the anchorage clamps the cord;

4) clearances and creepage distances>shall not have been reduced below the appli¢able
alues;

v
5) tll\e cord shall pass the AC voltage test of 5.2.4.3 (without humidity preconditioning) with a
duration of at least 1 min as-féllows:

a) for equipment with {a) protective earth conductor, the test is made betweer the
protective conductor.and the line and neutral conductors joined together, with thg test
voltage according*to 4.4.7.10 for basic insulation for the appropriate line-to-nqutral
voltage;

b)) for equipment without a protective earth conductor, the test is made betyween
accessible’ conductive parts of the equipment and the line and neutral conduftors
joined.together, with the test voltage according to 4.4.7.10 for reinforced insulatign for
the appropriate line-to-neutral voltage.

7.9.2.3\ Plugs and connectors

Plugs and connectors for connecting equipment to the mains supply, including appliance
couplers used to connect detachable mains supply cords, shall conform to the relevant
specifications for plugs, mains socket-outlets and connectors.

If the equipment is designed to be supplied only at voltages below DVC As in normal
condition or single fault condition, or from a source used solely to supply that equipment,
the plugs of the power supply cord shall not fit into the mains socket-outlets of mains
supply systems at voltages above the rated supply voltage of the equipment. Mains-type
plugs and sockets shall not be used for purposes other than connection of a mains supply.

If plug pins of cord-connected equipment receive a charge from an internal capacitor, the pins
shall be investigated to 4.4.5.103, and testing to 4.4.9 shall be conducted, if necessary.
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On equipment with mains socket-outlets:

a) if the mains socket-outlet can accept a standard mains supply plug, there shall be a
marking as specified in 6.3.6.4.101;

b) if the mains socket-outlet has a terminal contact for a protective earth conductor, the
input mains supply connection to the equipment shall include a protective earth
conductor connected to a protective conductor terminal.

Compliance is checked by inspection. For plugs receiving a charge from an internal capacitor,
investigation to 4.4.5.103 has to be conducted.

7.10| Surge protective devices (SPDs)

NOTE| Derived from requirements of IEC 62368-1:2014.
7.10]1 Use of an SPD connected to reliable earthing

Whefte a varistor is used between the mains and earth,

—

he earth connection shall comply with 4.4.4.3.3, and

—

he varistor shall pass the test of 7.10.4.

NOTE| Pluggable equipment type A and pluggable equipment type B without\a multi-conductor power cable with a
minimum cross section of 2,5 mm?2 for the PE conductor are not consideréd’ to have a reliable earth conngction
(referjto 7.10.2).

7.10J2 Use of an SPD between mains and protective earth

Where an SPD is used between the mains and protective earth, it shall consist of a vafistor
and @ GDT (gas discharge tube) connected in series, where the following applies:

—

he varistor shall pass the test of 7.10.4;
— the GDT shall comply with:

the electric strength tests for basic insulation; and

the external clearance and creepage distance requirements for basic insulation.

NOTE|1 Some examples of SPDg are MOVs, varistors and GDTs. A varistor is sometimes referred to as a JDR or
a metgl oxide varistor (MOV).

The above requiremeptsido not apply to SPDs

ntended for attenuating transient voltages from external circuits, and

O

bnnected fo-reliable earth (see 7.10.1).

NOTE| 2 Ii.i[s"not a requirement of this document that surge suppressors comply with any particular comgonent
standard,,However, attention is drawn to the IEC 61643 series of standards, in particular:

— I§C61643-21 (surge suppressors in telecommunications application),
— IEC 61643-311 (gas discharge tubes),

— |EC 61643-321 (avalanche breakdown diodes),

— |IEC 61643-331 (metal oxide varistors).

7.10.3 Bridging of supplementary, double or reinforced insulation by a SPD

It is not permitted to bridge supplementary insulation, double insulation or reinforced
insulation by a SPD.

Compliance is checked by inspection.

7.10.4 Circuits or components used as transient voltage limiting devices

NOTE Derived from requirements in [IEC 61010-1:2010, 14.8.
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Transient overvoltages in a circuit may be limited by circuits or components. Components
suitable for this purpose include varistors, spark gaps on printed wiring boards, and ceramic
capacitors, in some cases combined with impedances or gas-filled surge arresters.

Any overvoltage limiting component or circuit that forms part of the equipment shall have
adequate strength to limit likely transient overvoltages.

Compliance is checked by applying 5 positive and 5 negative impulses with the applicable
impulse withstand voltage of Table 9, with an interval of up to 1 min , from a hybrid impulse
generator (see IEC 61180-1). The generator shall produce an open-circuit voltage waveform
of 1,2/50 ps, a short-circuit current waveform of 8/20 pys, with an output impedance (peak
opentcircuit voltage divided by peak short-circuit current) of 12 Q (resistance may be added in
serieg if needed to raise the impedance). The test impulse shall be applied while the-circuit is
work|ng under conditions during normal operation, in combination with the mains supply| The
mainpg voltage is the maximum rated line-to-neutral mains voltage.

The fest voltage is applied between each pair of mains supply terminals’ of the equipment
wherg voltage limiting devices are present.

No hpzard shall arise in the event that the component ruptures or.overheats during the tgst. If
a rupture occurs, no part of the component shall bridge safety=relevant insulation. If the
component overheats, it shall not heat other materials to their’self-ignition points. Tripping the
circujt breaker of the mains supply is an indication of failure.

7.11| Wound components

Refef to 4.4.7.8.5.

7.12| IC current limiters

7.12/1 General

NOTE| Derived from requirements of IEC 62368-1:2014.

IC cdrrent limiters used for current limiting in power sources to limited power source (4.6.5)
are nlot shorted from input to~output if all of the following conditions are met:

— the IC current limitefs, limit the current to manufacturer’s defined value (not to be more
than 5 A) under nefmal operating conditions with any specified drift taken into account;

— the IC current, limiters are entirely electronic and have no means of manual operatipn or
reset;

— the IC cufrént limiters are supplied by a source whose output does not exceed 250 VA;

— the ICcurrent limiters output current is limited to 5 A or less;

— theJIC current limiters limit the current or voltage to the required value with the
manufacturer’s defined driff, as applicable, taken info account after each of the
conditioning tests.

At the choice of the manufacturer, the conditioning tests shall be conducted in accordance
with a test program outlined in 7.12.2, 7.12.3 or 7.12.4.

Compliance criteria:

After each of the tests below, the device shall limit the current in accordance with its
specification as applicable or the device shall become open circuit. The open circuited device
is replaced with a new sample and tests continued as applicable.

IC current limiters that meet the test program of either 7.12.2, 7.12.3 or 7.12.4 are considered
to comply with the above requirements.
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A different sample may be used for each test.

NOTE The power source for the tests should be capable of delivering 250 VA minimum unless the IC current
limiter is tested in the end product.

7.12.

Test

2 Test program 1

program 1 consists of the following:

— 10 000 cycles of turning enable on and off with a 100 Q +5 Q resistor and a 425 pF £10 pF
capacitor in parallel with the output;

S
c
- 5
c
5
s

7.12)

Test
5
c
5
c
- 5
c
5
s

- 3

ré¢moval of power.

rémovalefpower;

D 000 cycles of turning enable on and off with the input connected to a capacitor
P5 uF £1 yF and shorting the output;

D 000 cycles of turning the input pin on and off with a capacitor rated 425 uF %
bnnected to the input supply while keeping enable active and shortingithe”output;

D 000 cycles of turning the input pin on and off with a ferrite-corejinductor having
H +0,1 mH inductance at 1 kHz and a DC resistance not exceeding 1 Q connected t
put supply and return while keeping enable active and shorting ‘the output;

D cycles with the enable pin held active with the output) open-circuited, each
bnsisting of shorting the output and then opening the output;

D cycles with the enable pin held active while applying*a short to the output, each
bnsisting of turning the power on and off;

D cycles with the enable pin held active while power is applied, each cycle consisti
horting the output, removing power, reapplying power, removing the short, followq

3 Test program 2
program 2 consists of the followings
D cycles with the enable pinc-held active with the output open-circuited; each

bnsisting of shorting the output and then opening the output;

D cycles with the enable pin held active while applying a short to the output; each
bnsisting of turning the.power on and off;

D cycles with the"énable pin held active with the output loaded to maximum power,
ycle consisting(of turning the power on and off;

D cycles withthe enable pin held active while power is applied, each cycle consisti
norting thé. output, removing power, reapplying power, removing the short, followq

cycles of exposing the device (not energized) to 70 °C +2 °C for 24 h; followed

q

rated
1 uF

0,35
b the

Cycle
Cycle

ng of
d by

Cycle
Cycle
each

ng of
d by

Dy at

ast’1 h at room ambient; followed by at least 3 h at — 30 °C +2 °C; followed by 3

h at

room ambient;

— 10 cycles of exposing the device (while energized) to 50 °C £2 °C for 10 min; followed by
10 min at 0 °C £2 °C with a 5 min period of transition from one state to the other;

— 7 days with the output short-circuited and the device wrapped in a double layer of
cheesecloth. A quick acting 5 A fuse kept in series with the output shall not open and a
current meter shall not show a current of more than 5 A.

7.12.
Test

- S

4 Test program 3
program 3 consists of the following:

ubclause H.17.1.4.2 of IEC 60730-1:2010;

— 10 000 cycles of turning enable on and off with a 100 Q resistor and 425 yF capacitor in
parallel with the output;
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10 000 cycles of turning enable on and off with a ferrite-core inductor having 0,35 mH
0,1 mH inductance at 1 kHz and a DC resistance not exceeding 1 Q connected in the
output circuit;

10 000 cycles of turning enable on and off while input connected to a capacitor rated 425
MF and shorting the output;

10 000 cycles of turning input pin on and off while a capacitor rated 425 yF to the input
supply keeping enable active and shorting the output;

10 000 cycles of turning input pin on and off with a ferrite-core inductor having 0,35 mH
+0,1 mH inductance at 1 kHz and a DC resistance not exceeding 1 Q connected to the
input supply keeping enable active and shorting the output;

5D cycles with enable pin held active and applying short to output with power on and\qff;

D cycles with enable pin held active and output loaded to maximum power with,power on
nd off;

D cycles with enable pin held active and applying power, apply short to eutput; remove
bwer, apply power, remove short, remove power;

cycles of exposing the device (not energized) to 70 °C for 24 h; followed by at leagt 1 h
room ambient; followed by at least 3 h at —30 °C; followed by 3/at room ambient;

D cycles of exposing the device (while energized) to 49 °C for40 min; followed by 10 min
0 °C with a 5 min period of transition from one state to the ather.

W =2 MW T 01D

7.13 |specifies selection requirements for capacitors and{RC units, complying with IEC 6(384-

14, acceptable for basic insulation, supplementary)insulation or reinforced insulation.

The [following conditions are applied when evaluating a capacitor or an RC unit tq the

requirements of IEC 60384-14:

a)

b)

Tlhe duration of the damp heat, steady-state test as specified in 4.12 of IEC 6(384-
14:2013, shall be 21 days at a temperature of 40 °C + 2°C and a relative humidity of P3 %
H3 %.

(apacitors subjected to a dukation that is longer than 21 days during the above test are
cpnsidered acceptable.

The appropriate capacitor subclass shall be selected from those listed in Table 106, accofding

to the rules of application®in the table.
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Table 106 — Capacitor ratings according to IEC 60384-14

Capacitor subclass

Rated voltage of the

Type test impulse

Type test RMS test

according to IEC 60384- capacitor voltage of the capacitor | voltage of the capacitor
14:2013 V RMS kV peak kV RMS
Y1 Up to and including 500 8 4
v it ;
Y4 Up to and including 150 2,5 0,9
X1 Up to and including 1 000 42 -
X2 Up to and including 1T 000 2,0° -

being bridged.

oltage.

Rulef for the application of this table.

- 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 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.

3) A higher grade capacitor than the one specified may be used, as follows:

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

4) |Two or more capacitors may be used in series in place of the Sihgle capacitor specified, as follows:

1) [The voltage rating of the capacitor shall be at least equal to the RMS working voltage across the‘insulafion

2) For a single capacitor (X type) serving as functional insulation, failure of the capacitor sfial-not result inf the
failure of any protection, and the type test impulse voltage shall be at least equal to the required impuls

(L]

5) |If two or more capacitors are used in series they!shall pass the electric strength tests of 4.4.7.8.3.4, takjng
nto account the total working voltage across_ the“capacitor(s) and RC unit, as applicable and comply with
the other rules above.
a8 Hor capacitance values of more than_1"uF, this test voltage is reduced by a factor equal to \/E where| C is
the capacitance value in pF.
NOTE| In Norway, due to the«T power system used, capacitors are required to be rated for the applicable lijne-to-
line vgltage (230 V).

Clas$ X capacitors may be used as a basic insulation in circuits isolated from the maing but

shall|not be used-as a:

— bjasic insulation in circuits connected to the mains supply; or

|
(7]

Lpplementary insulation.

: £/ t 1 ! 1  — e £ : : " il et
A Seltes O A CapdUllIlurs Thidy DT UsSTCU as UasIU ITISUTdaUuUTT UOT TITdiTis CITCUIts Providcu ldat.

— the capacitor series is connected to a reliable earth (see 4.4.4.3.3 and 7.10.1);

— both have the same classification;

— both are of same nominal capacitance;

— both have the same rated voltage, and

— the series of X capacitors comply with the impulse test in 7.10.4 for basic insulation.

The rated voltage of the capacitors shall not be less than the rated voltage of an appropriate

Y capacitor.

The sum of the rated impulse voltages of the X capacitors shall not be less than that of an

appropriate Y capacitor.
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Class X capacitors shall not be used as a reinforced insulation.

Capa

citors and RC units that serve as (electrical) insulation shall comply

IEC 60384-14. RC units may consist of discrete components.

with

Under single fault conditions, if a capacitor or RC unit consists of more than one capacitor,
the voltage on each of the remaining individual capacitors shall not exceed the voltage rating
of the relevant individual capacitors. When multiple capacitors are used, the relevant test
voltages are multiplied by the number of capacitors used.

action-and if nacessarvy hv mgacuramant
HeH—aHa+HH 'S5 = SRt

Com b liance—is r\har\kad by ns

7.14

7.14
SUpA

Optopouplers shall comply with the requirements of IEC 60747-5-5:20071n the applicati

IEC ¢

—

I
[

—

shall

NOTE|

Com

7.15

7.15
circu

The

For r|

A rel

n 3 )
..... o oy yorrT ot

Optocouplers bridging insulation

lementary insulation or reinforced insulation.

0747-5-5:2007,

e voltage Vjy,; , for type testing as specified in 7.4.3 of IEG-60747-5-5:2007, and

e voltage Vjy,; ,, for routine testing as specified in 7.4.1.0f AEC 60747-5-5:2007

be the appropriate value of the test voltage in 5.2.3,4of this document.

specifies compliance requirements for optocouplers serving as basic “insulation,

bn of

lies.

The above constructions can contain cemented joints, indwhich case 4.4.7.9 of this document also ap
bliance is checked by inspection.

Relays
specifies requirements for relays“that are located in circuits other than limited pjower
ts.
elay may be tested separately or in the equipment.

psistance to heat and-fire, see Clause 16 in IEC 61810-1:2008.

D 000 operating cycles for endurance (see 5.5 of IEC 61810-1:2008) and during
ectric.endurance test (see clause 11 of IEC 61810-1:2008), no temporary malfun
hall occur;

Z 0 O =

OTE” A temporary malfunction is an event that has to be eliminated during the test at latest aftq

V)

dditional energization cycle without any external influence (see clause 11 of I[EC 61310-1:2003).

hy shall comply;with the requirements of IEC 61810-1, taking into account the followiphg:

the
ction

r one

— the relay shall be suitable for use in the applicable pollution situation (see clause 13 of
IEC 61810-1:2008);

— for mains relays the speed of contact making and breaking shall be independent of the
rate of rise of the coil voltage;

— characteristics of the relay with regard to the ratings and classification (see IEC 61810-1),
shall be appropriate for the function of the relay under normal operating condition as given

b

elow:
rated coil voltage and rated coil voltage range (see 5.1 of IEC 61810-1:2008);
rated contact load and the type of load (see 5.7 of IEC 61810-1:2008);
AC or DC relay (see 5.3 of IEC 61810-1:2008);
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e the ambient air temperature and upper and lower limit of the temperature (see 5.8 of
IEC 61810-1:2008);

e only relay technology category RT IV and RT V shall be considered to meet pollution
degree 1 environment (see 5.9 of IEC 61810-1:2008);

— electric strength (see 10.3 of IEC 61810-1:2008), except the test voltages shall be the
highest of the AC or DC voltages, according to 5.2.3.4;

— clearances in accordance with this document, if the required impulse withstand voltage
(referred to as impulse withstand voltage in IEC 61810-1) exceeds 12 kV;

— creepage distances in accordance with this document, if the RMS working voltage
(rnfnrrnrl to_as \/nlfngn RMS inlEC 6181 0-1) exceeds 500 \/;

splid insulation in accordance with 13.3 of IEC 61810-1:2008 or with 4.4.7.8™ef| this
dpbcument.

Compliance is checked according to IEC 61810-1 and the requirements of this-document.

7.16| Electrolytic capacitors

Elecltolytic capacitors shall have adequate clearances for venting)in’ accordance with the
capagitor manufacturer’s specifications.

Elecfrolytic capacitors shall be at least short circuited and disConnected as a single faulf, but
it is|sufficient to conduct worst case testing on individual capacitors or componenfs of
capagitor protection circuitry, if more than one electrolytic capacitor is provided (sgries
conngctions of capacitors or capacitor banks).

Compliance is checked by inspection.



https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

- 164 — IEC 61204-7:2016 EXV © IEC 2016

Annex A
(normative)

Additional information for protection against electric shock

The provisions of Annex A of IEC 62477-1:2012 apply, except as follows.

A.1  General

Replgcement:

Figufe A.1 to Figure A.3 show examples of the methods used for protection against elgctric
shock in protective class Ill equipment and circuits (see 4.4.6.4).

Basic insulation

Supplementary insulation

A.2 | Protection by means of DVC As

(seeld.4.2.2)
_________________ 1: I
o
i
U1 i | U,
! |
Y
I I R _
IEC 1220/12
Key
U,: hgzardous voltage, eafthgd or unearthed

,: < PVC As from Table 5

Figure A.1 — Protection by DVC As with protective separation

A.3 | <Protection by means of protective impedance

(see 4.4.5.4)
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] |

Key

1<3,4

NOTH

A4

(see

resistor

hazardous voltage, earthed or unearthed

mA a.c., 10 mA d.c.

To provide protection in single-fault conditions, use the following equation "p2

IEC 1221/12

Uy

Figure A.2 — Protection by means of proteétive impedance

Protection by using limited voltages

4.4.5.4)

Uy Z4

Key

Z: resistor

U

4, hazardous voltage, earthed

U, < DVC As from Table 3.

IEC 1222/12
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NOTE To provide protection in single-fault conditions, use equations: U, :& or. y, UiZy

2Z1+Zz 2(Z1+Z%)

Figure A.3 — Protection by using limited voltages

A.5 Evaluation of working voltage and selection of DVC for touch voltage,
PELV and SELV circuits

The provisions of Clause A.5 of IEC 62477-1:2012 and its subclauses do not apply.

NOTE] This clause is obsolete due to modification of Table 2 and Table 5.
A.6 | Evaluation of the working voltage of circuits

A.6.1 General
Detefmination of the working voltage for

.C. r.m.s. (Upc);

.C. recurring peak (Upcp); and

|
o O

.Cc. (average)

is ddne with the method set out below. Three casgsof waveforms are considered gs an
exanjple.

Figues A.20 to A.22 show typical waveforms for\the evaluation of working voltage.

A.6.2 AC working voltage

Uncp

\
Unac

JIEC 1239/12

Figure A.20 - Typical waveform for a.c. working voltage
The working voltage has an r.m.s. value Upc and a recurring peak value Upcp.-

The DVC is that of the lowest voltage row of Table 5 for which both of the following conditions
are satisfied:

- Uac = UpacL
= Uacp = UncpL

Example with values:

Unc=39V  --> is lower than UacL=50V  --> DVC B
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UacP=91V > is higher than UacpL =71V  --> DVC C

The

rule for determination of DVC of the voltage is to select the highest DVC.

Result: --> this working voltage becomes DVC C.

A.6.3 DC working voltage

The

ripplg voltage of r.m.s. value not greater than 10 % of Up.

The

are datisfied:

| |
o~

A.6.4 Pulsating working voltage

The

\ /\u /
A \/ Upcpp v \/

Upc Upcp

IEC 1240/12

Figure A.21 — Typical waveform for d.c. working Moltage

vorking voltage has a mean value Upc and a recurring peak’value Upcp, caused

DVC is that of the lowest voltage row of Table 5 fopwhich both of the following condi

[bc < UpcL
pcp < 1,17 x Upct

A

\
N SN N

N N N

Figure A.22 — Typical waveform for pulsating working voltage

IEC 1241/12

by a

ftions

by a

wofking voltage has a mean value Upc and a recurring peak value Upcp, caused

rippl

voIltage OT'T.M.S. Value U greatel tall TU 70 O Upc.

The DVC is that of the lowest voltage row of Table 5 for which both of the following conditions
are satisfied:

UAC  UDC
—t+—x<1

UacL UDCL

UACP Ubc
+ <1
UACPL 117 xUDCL
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Examples of the use of elements of protective measures

Protection against electric shock shall be achieved by means of:

— combination of basic protection according to 4.4.3 and fault protection according to 4.4.4;
or

— Enhanced protection according to 4.4.5.

Table A.4 provides examples of typical combinations of those measures.

The grade—efstHationdepenras—on-

As ap alternative to solid insulation, a clearance according to 4.
Tabl¢ A.4 may be provided.

In Tdble A.4, three cases are considered:

Casqd a): QQQ

the DVC of the live parts according to Table 5; Q;\*
the insulation requirement between adjacent circuits according to Table 6;

tihe connection of accessible conductive parts to earth by protective equ@enﬁa/ bomding
according to Table 6; and /\

non conductive accessible parts. Qb‘

&

shown by L, and |[L, in

9
s\\<</

Accefssible parts are conductive and are coa\ngbted to earth by protective equipotgntial

bon

Casds b) and c): xO

Accessible parts are non-cg@nctive (case b) or conductive but not connected to earfh by
protgctive equipotential bonding

ding.

Hasic insulation is required betwee cceSS|bIe parts and the live parts. The relg¢vant
vpltage is that of the live parts (see@able A.4, cells 1a, 2a, 3a).

<
(case c). The required insulation is:
Nouble or reinfo insulation between accessible parts and live parts of DVC C| The

relevant volt% is that of the live parts (see Table A.4, cells 1b), 1c), 2b) and 2c)).

upplem insulation between accessible parts and live parts of circuits of DVC A
or B whi e separated by basic insulation from adjacent circuits of DVC C. The relg¢vant
vlta%e% he highest voltage of the adjacent circuits (see Table A.4, upper cells 3b), Bc)).

n

sulation between accessible parts and live parts of circuits of DVC B which |have

Dicatec e_separation om-adiacen a [ e al= =1r=1Vi~Ta oltage is e fthe

live parts (see Table A.4, lower cells 3b) 3c))
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Table A.4 — Examples for protection against electrical shock

Insulation configuration
Type of insulation

a b c
Accessible Accessible parts Accessible parts conductive, but
conductive parts not conductive NOT connected to earth by
connected to earth protective equipotential bonding
by protective
equipotential
bonding
1. Solid
- D D A R M
ABMJ AB Z AR ABMZ |ABZM
= \ ) AR
S
2. Totgally or

partialjy by air

A Z M
clearahce S M Z I:|‘L'1'I:| 1
A M ) ik 1T

A A
L L L
- - i R
- | i
A ZM 1

— Lo -
= S —a |

N
[N)

3. Insulationfor |c Rc AB M

adjacpnt circuits: & C Rc A ZcM
Circult A: lower l:l]k/l II S +—3S
voltage circuit « |

Circult C: higher
voltage circuit;
DVC
4. R,{quirements
for apgertures in A M A Z
enclopures L3 AB VA M A Lo M
D4 I > <>
1
T T T <> T
/1
-4 -
FIL{~ L2
A live past L, clearance for basic insulation T test finger (Clauge 12 of
IEC 60529:1989
B  basic insulation for circuit A L, clearance for reinforced insulation Z supplementary insulation for
circuit A
Bc basic insulation for circuit C M  conductive part Zc supplementary insulation for
circuit C
C adjacent circuit R reinforced insulation for circuit A *  also applies to plastic screws
D double insulation for circuit A Rc reinforced insulation for circuit C F  functional insulation for circuit A
| insulation less than B S surface of equipment

NOTE 1 In column c) a plastic screw is treated like a metal screw because a user could replace it with a metal screw during
the life of the equipment.

NOTE 2 In row 4, the insertion of the test finger is considered to represent the first fault.

@ Functional insulation is sufficient if the opening is covered during normal operation. It shall not be possible to remove the

cover without the use of a tool or key. If the opening is not covered during normal operation, basic insulation is required.
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Annex B
(informative)

Considerations for the reduction of the pollution degree

B.1 Introduction

The objective of this annex is to give an overview of what factors should be considered to
reduce the pollution degree for electrical eqmpment in order to allow for a reduct|on of the

clearance and eepage d ance A\ ne mea 0 De en gaepenq nea on the nature
of pdllution, no comprehensive guidance can be given on how to achieve the goal onIower
pollufion degree for the equipment. Q/
B.2 | Factors influencing the pollution degree Q’\b
The {ollowing factors influence the pollution degree: ’\q/
- Pollution: Qb‘

e| no pollution; (-O'\q/

e| dry non-conductive pollution; C)

e| dry non-conductive pollution that can become condug , when moist;
e| conductive pollution. Q )

NOTE|] Pollution may be external or may be internally gerQ d or present internally at the conclusfon of
manufacturing.

N
- Moisture: ‘\0

e| no or low moisture without condensa@n;

e| temporary condensation; . ®$
e| permanent moisture; OA\
e| rain or snow. \{:\'

\0

B.3 | Reduction of lnflugr\cmg factors

Following are some %sures that may be applied to reduce the influencing factors.| The
descfibed measur meet the requirements are only illustrative. There may be pther
possjbilities.

— Coating &4.4.7.6);
P5 t test according to IEC 60529);
R@z. IPX8 depending on the environment.

When hermetically sealing an electrical equipment, it should be ensured that the moisture
level will be at the required low level when resealing the equipment after opening the
enclosure (e.g. for service).


https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

IEC 61204-7:2016 EXV © IEC 2016 -171 -

Annex C
(informative)

Symbols referred to in IEC 62477-1

Table C.1 — Symbols used

Symbol Standard reference Description Subclauses
—
IEC 60417-5019 .
_J_ (2011-01) PE conductor terminal 4.4.43.2,6.3.7.2
ISO 7010-W001 . .
' (2011-06) Caution, refer to documentation 44483, 4.4.8,6.3.7.2
®
"
IEC 60417-5018 Functional earthing 4463
— (2011-01) terminal .
IEC 60417-5172 Class I (dduble insulated) 4463
(2011-01) equiprent 4.0
i t IEC 60417-6042 . . .
i (2012-05) Caution, risk of electric shock 449, 6.5.2
TEC 60417-5041 .
i SSS (2012-05) Caution, hot surface 46.4.2,6.4.3.4

In addition, additional symbols are outlined in Table C.100.
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Table C.100 — Symbols

Symbol

Publication

Description

IEC 60417-5017 (2002-10)

Earth (ground), bonding to earth

IEC 60417-5031 (2002-10)

Direct current

Y, IEC 60417-5032 (2002-10) Alternating current
1
/\/ IEC 60417-5033 (2002-10) Both direct and alternating curfent
L _
3’\/ IEC 60417-5032-1 (2002-10) Three-phase altepnating current

IEC 60417-5007 (2002-10)

On (supply)

IEC 60417-5008 (2002-10)

Off (supply)

i

IEC 60417-5268 (2002-10)

In position of a bistable push control

IEC\60417-5269 (2002-10)

Out position of a bistable push control

=
g,

L

ISO 7000-0434 (2004-01) and

ISO 7000-1641 (2004-01)

A symbol or set of symbols such as ISO 7000-04B4
and ISO 7000-1641 to refer to text in an
accompanying document.

These symbols may be combined.

S

IEC. 60447 5000 (2046 02\
= -t ot vi

Lucad for “ctand b’

adition.
Y BaSaazac e m

P ALLLS

> | (=

Not existing in IEC 60417.

Either the symbol, or a similar symbol, combined with
the triangle shaped warning sign from 1ISO 3864-
2:2004 can be used.
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D.1

Annex D
(normative)

Evaluation of clearance and creepage distances

Measurement

Clearance and creepage distances shall be evaluated as illustrated in the examples contained
in Examples D.1 to D.14.

For

cemgnted joint that provides protection type 1 (IEC 60664-3) in a pollution

envi

and Table 11, using the following rules:

— In]lgeneral a creepage distance may be split in several portions of differer}l‘?}terials ahd/or
hgve different pollution degrees if one of the creepage distancesjis,
thstand the total voltage or if the total distance is dimensioned acc& ing to the magerial

w
h4
- Fq
P
pa
di
th

D.2

The
asso

aths consisting of parts with different pollution degrees, as for example when mcl;dl
b

nment, the clearance and creepage distances are determined according tQs Ja

imensions

ng a

be 2

e 10

d to

ving the lowest CTIl and the highest pollution degree. Q
r creepage distances for functional insulation on PWB andﬁg){ponents assemblgd on
(VB, designed for pollution degree 1 and 2, the sum of th ermining voltages of jeach
rt of the path shall not be less than the determining vol of the circuits involved| The
stances for each portion of the creepage distance und@\ onsideration shall comply] with
e minimum distances according to Table D.1. Q @)

Relationship of measurement to polllth degree

-
9

X" values are a function of pollution degr, s<§~and shall be as specified in Table D.1.
\t@m, the X value is one third of the clearancge.

N
iated permitted clearance is less than\

Table D.1 — Widthof'grooves by pollution degree

f the

R\
Pollution degree \O X value
c\)jr mm
1 C)\\ 0,25
2 . 1,0

D.3

In th
folloy

U

e E@ples D.1 to D.14 below, clearance and creepage distances are denote

S

Exam(@

d as

¥
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Clearance Creepage distance

—> [— < Xmm

i

Congition:  The path under consideration includes a parallel, diverging or converging-¢ided
groove of any depth with a width less than X mm.
Rule Creepage distance and clearance are measured directly across the grooje as
shown.
Example D.1
—> [— > X' mm
_____ T
L.. //
/
IEC 270/03
Condition:  Path under consideration includes_avparallel or diverging-sided groove of any
depth with a width equal to or morenthan X mm.
Rule Clearance is the “line of sightl>distance. Creepage path follows the contour of
the groove.
Example D.2
— [— Xmm
==y ==
JEC 271/03
Condgition.s=Path under consideration includes a V-shaped groove with a width greater|than
X mm.
Rule! CSteararnce—ts—the—4ine—of oight" distance- Clccpagc path feHows—tHre—contour of

the groove but “short circuits” the bottom of the groove by X mm link.

Example D.3
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JIEC 272/03

bn of

ce is

that

Condition:  Path under consideration includes a rib.
Rule: Clearance is the shortest air path over the top of the rib. Creepage path follows
the contour of the rib.
Example D.4
<Xmm
WAV
// //// 4
JIEC 273/04
Condition:  Path under consideration includes a cemgnted joint that provides protecti
type 2 with grooves less than X mm wide on each side.
Rule Clearance is the shortest air path over the top of the joint. Creepage distan
measured directly across the groowes and follows the contour of the joint.
Example D.5
< Xmm <Xmm
—> [— —>  je—
7 /
JIEC 274/03
Congition:«<Path under consideration includes an uncemented joint or a cemented join
provides protection of type 1 with grooves less than X mm wide on each sidg.
Rule r‘rnnpagn and clagaranca path s thn “ling of eighi‘” distance-shown-

Example D.6
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>Xmm >Xmm

Condition:  Path under consideration includes an uncemented joint or a cemented joint that
provides protection of type 1 with grooves equal to or more than X mm wide on
each side.

Rule Clearance is the “line of sight” distance. Creepage path follows the ‘eontour of
the grooves.

Example D.7
>Xmm <X mm
— l— «—
(=1
777777 //
7 //// /
/IEC 276/03

Congition:  Path under consideration includes an uncemented joint or a cemented join{ that
provides protection of type 1 wjth a groove on one side less than X mm widg¢ and
the groove on the other sidesequal to or more than X mm wide.

Rule Clearance and creepage-paths are as shown.

Example D.8
’_%_-.‘ === —‘
7 i [N
i
LT /
Y /IEC 277/03

Conditien- Path under caonsideration incliides an uncemented harrier or o2 comented joint
that provides protection of type 1 when path under the barrier is less than the
path over the barrier.

Rule: Clearance and creepage paths follow the contour under the barrier.

Example D.9
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ﬁ JIEC 2734

Condition: Path under consideration includes an uncemented or a cemented barrier when
path over the barrier is less than the path under the barrier.

Rule: Clearance is the shortest air Ir_\afh over the {op of the barrier (‘rnnpagn path

follows the contour of the barrier.

Example D.10

p i

] IEC 279/03

Congition:  Path under consideratiohdhcludes a gap between head of screw and wall of
recess which is equal o 6r more than X mm wide.

Rule Clearance is the slheortest air path through the gap and over the top surface.
Creepage path feflows the contour of the surfaces.

Example D.11
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Xmm/

ey

Cong

Rule

Cond

Rule

ition:

ition:

-
i

Path under consideration includes a gap between (head of screw and wall of

recess which is less than X mm wide.

Clearance is the shortest air path through theydap and over the top sur
Creepage path follows the contour of the surfaces but “short circuits” the bd
of the recess by X mm link.

Example D.12

N
[ ]

,
JIEC 281/03

Path underconsideration includes an isolated part of conductive material.

Clearange and creepage paths are the sum of d plus D.

Example D.13

face.
ttom
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/////////%////////////%‘%///////////4

I Distance through solid insulation

IEC 1218/07

Condition:  Paih under consideration includes ner layer of PWB.

Rule For the inner layer(s), the distance between adjacent tracks on the same-tayer is
treated as creepage distance for pollution degree 1 and clearance as“in air|(see
4.4.7.8.4.1).

Example D.14
Inside of equipment \ \Outside of equipment
?\

ENCLOSURE 6f.

/ inulating material

Part of ELV circuit or part
at HAZARDOUS VOLTAGE N [ T

Test finger

- Fictitious layer
of metal foil

Point of contact

Point of contact

A iblata-taat fi
TRECEISTOTETOTEITTGC

] iblatataat £
TaCCe3SOCTOTESTTTMGC

IEC 1242/12

Point A is used for determining the air gap to a part inside the enclosure.

Point B is used for measurements of clearance and creepage distance from the outside of an enclosure
of insulating material to a part inside the enclosure.

Example D.15 - Example of measurements in an enclosure of insulating material
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Annex E
(informative)

Altitude correction for clearances

Refer to 4.4.7.4.1 in combination with the correction factor from Table E.1 for clearances at
altitudes between 2 000 m and 20 000 m.

Table E.1 — Correction factor for clearances at altitudes between 2 000 m and 20 000 m

Altitude _ Normal barometric pressure | Multiplication factor
m kPa for clearances A
2 000 80,0 1,00 Q:\~
3000 70,0 1,14 ,\CO
4000 62,0 1,29 nQ
5000 54,0 1,48 /\’ q
6 000 47,0 1,70 ~ ¢
3 3 ('\
N4
7 000 41,0 15l
8 000 35,5 ~ o5
\
9 000 30,5 \\{(/ 2,62
10 000 26,5 e 3,02
15 000 12,0 ~~ 6,67
20 000 55 QY 14,50
AN
O
Table E.2 — Test voltages for verifying clearances at different altitudes
X
Impulse voltage Impulse test volta@at Impulse test voltage at Impulse test voltade at
(from Table 9) sea Ievi\Q) 200 m altitude 500 m altitude
kV 5@ kV kV
0,33 C\ero,% 0,36 0,35
0,50 (}\ 0,54 0,54 0,53
0,80 N 093 0,92 0,90
1,50 (4&“ 1,8 1,7 1,7
250 O7 2,9 2,9 2.8
4,00 o$\ 4,9 4,8 4,7
6.00)" 7,4 7,2 7,0
| @30 9,8 9,6 9,4
12,00 15 14 14

NOTE 1 Explanations concerning the influencing factors (air pressure, altitude, temperature, humidity) with
respect to electric strength of clearances are given in 6.1.2.2.1.3 of IEC 60664-1:2007.

NOTE 2 When testing clearances, associated solid insulation will be subjected to the test voltage. As the impulse
test voltage is increased with respect to the rated impulse voltage, solid insulation will have to be designed
accordingly. This results in an increased impulse withstand capability of the solid insulation.

NOTE 3 Values given above have been rounded from the calculation in 6.1.2.2.1.3 of IEC 60664-1:2007.

The voltage values of Table E.2 apply for the verification of clearances only.
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Annex F
(normative)

Clearance and creepage distance determination
for frequencies greater than 30 kHz

NOTE No further considerations made by the product committee in respect to F.4.3.

F.1  General influence of the frequency on the withstand characteristics

The |nsulation requirement for clearance, creepage and solid insulation as mentioned_i
are given for frequencies up to and including 30 kHz. For higher frequencies, a r i
the withstand capability of any type of insulation needs to be expected and taken iz(p ac(
for dimensioning. N

For ]requencies greater than 30 kHz and up to 10 MHz, IEC 60664-4 neﬂ?to be ap
togefher with IEC 60664-1, for the design of clearance and creepage d’lktances as we
solid|insulation. 4

This |annex provides detailed information for the design of clearagke, creepage and
insulation based on the requirement from IEC 60664-4.

The {ollowing situation needs to be considered for the desig ((,
— ¢learance distance for inhomogenous fields (see F.2. %
- tlearance distance for approximately homogenm@@lds (see F.2.3);

- Creepage distance (see F.3);

N
—  $olid insulation (see F.4). 5\0
The |result of the investigation for frequol%?}l@es above 30 kHz shall be compared tg
invegtigation in 4.4.7 and the greater val@ the two investigations shall be chosen.

4\6
F.2 | Clearance o
X

F.2.1 General \\(\)j“

the frequency for peri
4.4.7.4 shall be use

For requencies%& eeding 30 kHz within the scope of IEC 60664-4, the withstand vo
capapility of ances with homogenous and approximately homogenous field distrib
can be red y up to 25 %.

The withstand voltage Spa I|ty within the scope of IEC 60664-4 will only be influencg

The elﬁ,e ent for clearance will depend on the field distribution of the insulation U

1.4.7
bn of
ount

plied
Il as

solid

the

d by

voltages. For transient overvoltages, dimensioning accordipg to

tage
Ltion

invedtigation. F 2.2 will g|ve the requ|rement for clearance dlstance for mhomogenous
and F.Z- i ] ] [ i
fields.

For frequencies exceeding 30 kHz, an approximately homogeneous field is considered to

exist

when the radius of curvature r of the conductive parts is equal or greater than 20 % of the
clearance. The necessary radius of curvature can only be specified at the end of the

dimensioning procedure.

The result of the investigation of clearance for frequencies above 30 kHz shall be compared
to the investigation in 4.4.7.4 and the greater value of the two investigations shall be chosen.
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Fundamental frequency of working
voltage above 30 kHz

F.2.2

For

radids of curvature”of the conductive parts is less than 20 % of the clearance.
inhohogeneous) “field distribution, the reduction of the withstand voltage capabilif
clearances can*be much higher.

Dimgnsigning for inhomogeneous field distribution is done for the required withstand vo
of th¢ €learance according to the values in Table F.1. No withstand voltage test other tha

Clearance
[
CIe:Lrance determined according to
impulse voltage or temporary
overvoltage in 4.4.7.4
Approximately homogeneous field Inhomogenéous field condition
conditions according according to

to IEC 60664-4: 2005 IEC 60664-4: 2005

Increase of the clearance determined Clearance from table F.1

from working voltage in 4.4.6.4 with based on the recurring
factor according to table F.2. peak of the working voltage

Minimum clearance is the
greater of these values

IEC 1

Figure F.1.<{Diagram for dimensioning of clearances

Clearance for inhomogenous fields

43/12

equencies exegeeding 30 kHz, an inhomogeneous field is considered to exist whep the

requ rementind4-4-7is rnquurnd_

For
y of

tage
h the
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Table F.1 — Minimum values of clearances in air at atmospheric pressure for
inhomogeneous field conditions (Table 1 of IEC 60664-4:2005)

Peak voltage ? Clearance
kV mm
<0,6b 0,065
0,8 0,18
1,0 0,5
1,2 1,4
1,4 2,35 QY
1,6 4,0 Q/\
1,8 6,7 ©
N
2,0 11,0 (]/Q
a  For voltages between the values stated in this table, interpolatié\ N
is permitted. Q !
b ) .
No data is available for peak voltages less than 0,6 kv.@,{],
The flimensioning for inhomogeneous field and high voltag ss (>1 kV condition) leafls to
impractical distances. It is therefore preferable to ch e a design improving the |field

distripution (approximately homogeneous field distributiQ‘u).

Clearance for approximately homogeno@Qelds

F.2.

. . N " .
For g¢learance with approximately homogenous ds conditions the clearance found in fable
Tablg 10, where the clearance is determined gn the working voltage or recurring peak vojtage

(column 2 or 3), is increased by a muljplication factor depending on the fundampntal
freqyency. The multiplication factors are.jgkiicated in Table F.2.

Table F.2 — Multiplication facto% for clearances in air at atmospheric pressure
for approxi ly homogeneous field conditions

- Vi
\r{tal frequency

Fun Multiplication factor
A kHz
A®O.<ffundamental <500 1,05
500 </ gamentas < 1 000 1,10
@Y 1000 < f;, . <2000 1,20
& 2000 < fi yamentar < 3 000 1,25

T\%ﬁe multiplication factors are determined based on calculations as per I[EC 60664-4:2005, 4.3.3.| More
carcutaton can be determimed USmyg the equation M 1EC 60664-472005, 4.3.3.

NOTH
precis

NOTE 2 Circuits where the clearance is designed based on the impulse withstand voltage (Table 10, column 1),
will normally not be affected by these considerations.

The dimensioned clearance, for approximately homogenous field conditions, is applicable for
frequencies above the critical frequency calculated by means of following equation taking into
account the new distance from Table F.2:

0,2 ( MHz
Jerit ® —— (m]

d
F.3 Creepage distance

For frequencies of the voltage greater than 30 kHz, in addition to tracking, thermal effects
need to be taken into account with respect to the withstand capability of creepage distances.
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Dimensioning is performed both for the required r.m.s. withstand voltage of the creepage
distance according to the values in Table 11 and for the required peak withstand voltage
according to the values in Table F.3. This peak withstand voltage is the highest value of any
periodic peak of the voltage across the creepage distance. The greater of the distances is
applicable. The dimensioning according to Table F.3 is applicable for all insulating materials
which can deteriorate due to thermal effects. This includes typical base materials for printed
circuit boards made from epoxy resin. For materials which cannot deteriorate due to thermal
effects and where no tracking needs to be expected, dimensioning according to the clearance

— 184 —

requirements, as described in 4.4.7.5, is sufficient.

IEC 61204-7:2016 EXV © IEC 2016

Figure F.2 — E)iﬁg)

Fundamental frequency of
working voltage above 30 kHz

Creepage
distance

Creepage disgrg according to
Table F.3 b on the recurring

S
peak %& working voltage

R\

O
h

IEC 1244/12

ram for dimensioning of creepage distances



https://iecnorm.com/api/?name=bf1596e47a4e59832634964c0b4f501d

IEC 61204-7:2016 EXV © IEC 2016 - 185 —

Table F.3 — Minimum values of creepage distances for different frequency
ranges (Table 2 of IEC 60664-4:2005)

Peak Creepage distance 2 b
voltage mm
30kHz<f< | f<0,2MHz | f<0,4 MHz | £<0,7 MHz f<1MHz f<2MHz f<3 MHz

kv 100 kHz

0,1 0,0167 0,3
0,2 0,042 0,15 2,8
0,3 0,083 0,09 0,09 0,09 0,09 0,8 20
0 8+425 843 845 49 6835 45

A

0,1 0,183 0,19 0,25 0,4 1,5 20

0.4 0,267 0,27 0,4 0,85 5 &)

0,1 0,358 0,38 0,68 1,9 20 ,\(()

0, 0,45 0,55 1.1 3,8 A

0, 0,525 0,82 1,9 8,7 A

1 0,6 1,15 3 18 A~

1, 0,683 1,7 5 A P)

N

1] 0,85 2.4 8,2 ©

1 12 3,5 )

1,4 1,65 5 s‘\\/

1,1 2,3 7.3 ,1O°

1,4 3,15 \S

e
1,] 4,4 ‘\Q
e >
N
a  The values for the creepage distances in the ta I%apply for pollution degree 1. For pollution degreqd 2, a
multiplication factor of 1,2 and for pollution degr a multiplication factor 1,4 should be used.

b Interpolation between columns is permitted. $
K\

xO

F.4 | Solid insulation . CF

o

F.4.1 General .

Due |to increased @ng effects and accelerated deterioration in solid insulation fyrther
cons|deration is n d, when using solid insulation across insulation affected by frequencies
above 30 KHz. &

F.4.2 A ximately uniform field distribution without air gaps or voids

For so@?ﬁsuleﬁon where uniform field distribution is present and no air gaps or void$ are
pres¢ntiin the solid insulation, the maximum field distribution shall be calculated as followling:

— For thick layers of solid insulation of d; > 0,75 mm the peak value of the field strength E
needs to be equal or less than 2 kV/mm.

— For thin layers of solid insulation of d, < 30 um the peak value of the field strength needs
to be equal or less than 10 kV/mm.

- For dq >d > d, Equation (1) is used for interpolation for a certain thickness d (see also
Figure F.3):

E = [% + 1,667) (ﬁj (1)
d mm
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