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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF TRANSFORMERS, REACTORS,
POWER SUPPLY UNITS AND COMBINATIONS THEREOF -

Part 2-15: Particular requirements and tests for isolating transformers

tor medical Il systems tor the supply or medical locations

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
pll national electrotechnical committees (IEC National Committees). The object of IEC is to,promote internati
co-operation on all questions concerning standardization in the electrical and electronic fi€lds. To this end

Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
may participate in this preparatory work. International, governmental and non-governmental organizations liai

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internati

nterested IEC National Committees.

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

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any divergence betw
pny IEC Publication and the corresponding natiomal-or regional publication shall be clearly indicated in the la

EC itself does not provide any attestation ef, conformity. Independent certification bodies provide confor
pssessment services and, in some areas,;access to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

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

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

ndispensable for the' correct application of this publication.

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

s extended version (EXV) of the official IEC Standard provides the user with
mptehensive content of the Standard.

ing
nal
and

n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repqrts,

heir
vith
ing

with the IEC also participate in this preparation. IEC collaborates closely with the International Organization| for
Standardization (ISO) in accordance with conditions determined by agreem@ént between the two organizationp.

nal

consensus of opinion on the relevant subjects since each technical’ . committee has representation from all

nal
EC
any

ons
een
ter.

mity
any

and
b or
and
EC

Attention is drawn-to.the Normative references cited in this publication. Use of the referenced publicationk is

ent

IEC 61558-2-15:2022 EXV includes the content of the references made to IEC 61558-1:2017.

Particular subclauses of IEC 61558-1:2017 are displayed in the content on a blue

ba

ckground.
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IEC 61558-2-15 has been prepared by IEC technical committee 96: Transformers, reactors,
power supply units and combinations thereof. It is an International Standard.

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edi
1)

tion:

Adjustment of structure and references in accordance with IEC 61558-1:2017;

Th

Full information on the voting for its approval can be found in the report,on voting indicateq i

the

Th

Th
acq
at
deg

It h

Th

NO

Th
to
tra

tra
IE(

Fu
sta

b text of this International Standard is based on the following documents:
Draft Report on voting
96/535/FDIS 96/536/RVD

above table.
e language used for the development of this International Standard is English.

s document was drafted in accordance with ISO/IEC Difectives, Part 2, and developeg
ordance with ISO/IEC Directives, Part 1 and ISO/IEC DRirectives, IEC Supplement, availa
www.iec.ch/members_experts/refdocs. The main document types developed by IEC
scribed in greater detail at www.iec.ch/standardsde¥/publications.

as the status of a group safety publication in;accordance with IEC Guide 104.

s International Standard is to be used jn conjunction with IEC 61558-1:2017.

[E When “Part 1” is mentioned in this standard, it refers to IEC 61558-1:2017.

s document supplements or modifies the corresponding clauses in IEC 61558-1:2017, so

nsformers for medical I'T-systems for the supply of medical locations.

ist of all parts in\the IEC 61558 series published under the general title Safety
nsformers, reactors, power supply units and combinations thereof, can be found on
website.

ndardstin“this series will be updated at the time of the next edition.

in
ble

as

convert that publication into'the IEC standard: Particular requirements and tests for isolating

of
the

ure standards in this series will carry the new general title as cited above. Titles of existing

WH

ere’this document states "addition", "modification" or "replacement", the relevant text

of

IEC 61558-1:2017 is to be adapted accordingly.

In this document, the following print types are used:

requirements proper: in roman type;
test specifications: in italic type;

explanatory matter: in smaller roman type.

In the text of this document, the words in bold are defined in Clause 3.

Subclauses, notes, figures and tables additional to those in IEC 61558-1:2017 are numbered

sta

rting from 101; supplementary annexes are entitled AA, BB, etc.
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022

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

C

PORTANT - The 'colour inside' logo on the cover page of this publication indicates tha

contains colours which are considered to be useful for the correct understanding of

ntents. Users should therefore print this document using a colour printer.

1
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INTRODUCTION

IEC TC 96 has a group safety function in accordance with IEC Guide 104 for transformers other
than those intended to supply distribution networks, in particular transformers and power supply
units intended to allow the application of protective measures against electric shock as defined
by TC 64, but in certain cases including the limitation of voltage and horizontal safety function
for SELV, in accordance with IEC 60364-4-41.

The group safety function (GSF) is necessary because of responsibility for safety extra-low
voltage (SELV) in accordance with IEC 61140:2016, 5.2.6 and IEC 60364-4-41:2005, 414.3.1
or gontrol circuits in accordance with IEC 60204-1:2016, 7.2.4.

The group safety function is needed for each part of IEC 61558-2 because different standards
of the IEC 61558 series can be combined in one construction but in certain cases with|no
limjtation of rated output power.

For example an auto-transformer in accordance with IEC 61558-2-13 can,be designed with a
separate SELV-circuit in accordance with the particular requirements for [IEC 61558-2-6 relafing
to the general requirements of IEC 61558-1.
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Th
fon

NO

Un

trapnsformers for medical IT systems for the supply of medical locations.

Th
for

mejdical locations, designed to be permanently connected fo'‘the fixed wiring and intended

for
en

NO

Th

IEG 60364-7-710.

NO

IEC|60364-7-710:2021.

Trgnsformers covered by this doCcument are intended for medical IT systems for the sup

of

Th
int

Th
thr

Th
ins

to an.agreement between the purchaser and the manufacturer.
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SAFETY OF TRANSFORMERS, REACTORS,
POWER SUPPLY UNITS AND COMBINATIONS THEREOF -

Part 2-15: Particular requirements and tests for isolating transformers
for medical IT systems for the supply of medical locations

Scope

s part of IEC 61558 deals with safety of isolating transformers for medical IT ‘Syste
the supply of medical locations.

[E 1 Safety includes electrical, thermal and mechanical aspects.

ess otherwise specified, from here onward, the term transformer "covers isolat

s document is applicable to stationary, single-phase or three-phase, air-cooled (natura
ced) dry-type isolating transformers for the supply of medical IT system for grou

m the medical IT system on the secondary side. The windings can be encapsulated or n
apsulated.

[E 2 IT systems are defined in IEC 60364-1.

b installation rules for medical IT system for group 2 medical locations are covered

[E 3 National installation rules of some countriés have different or additional requirements listed in Annex

medical locations. All otherd-transformers or equipment are not covered by this docume

e rated supply voltage“does not exceed 1 000 V AC. The rated supply frequency 2
prnal operational frequency do not exceed 500 Hz.

b rated output s not less than 0,5 kVA and does not exceed 10 kVA for single-phase 3
be-phase transformers for medical IT system for group 2 medical locations.

s document can be applicable to isolating transformers intended to supply other med
fallations that are not group 2 medical locations without limitation of the rated output subj

ms

ng

or
p 2
to

by

C of

ply

nt.

nd

nd

cal
ect

NOTE 4 Transformers intended to supply distribution networks other than medical IT systems are not included in

the

scope.

The no-load output voltage and the rated output voltage does not exceed 250 V AC for

sin

gle-phase or three-phase transformer (phase-to-phase voltage).

This document does not cover power supply units.

This document is not applicable to external circuits and their components intended to be
connected to the input terminals and output terminals of the transformers.

Transformers covered by this document are used in applications where double or reinforced
insulation between circuits is required by the installation rules or by the appliance specification.
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Att

Th

ention is drawn to the following, if necessary:
additional requirements for transformers intended to be used in vehicles, on board shi
and aircraft (from other applicable standards, national rules, etc.);

measures to protect the enclosure and the components inside the enclosure agai
external influences such as fungus, vermin, termites, solar-radiation, and icing;

the different conditions for transportation, storage, and operation of the transformers;

ps,

nst

additional requirements in accordance with other appropriate standards and national rules

may be applicable to transformers intended for use in special environments.

s group safety publication focusing on safety guidance is primarily intended to be used\a

S a

prdduct safety standard for the products mentioned in the scope, but is also intended to be-used

by
of

On
in

2

Th

constitutes requirements of this document. For dated references, only the edition cited applrs
undated references, the latest edition of the’ referenced document (including any

Fo

am
IEC 60065:2014, Audio, video and similar electronic apparatus — Safety requirements

IEG 60068-2-6, Environmental testing — Part 2-6: Tests — Test FC: Vibration (sinusoidal)
IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEG 60068-2-31, Environmental-testing — Part 2-31: Tests — Test Ec: Rough handling shog

pri

IEG 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests
IEC
IEC

IE(
member countries of IEC

he preparation of its publications.

Normative references

b following documents are referred to in the text in such away that some or all of their cont

lendments) applies.

marily for equipment-typé-specimens

60076-1, Pewer transformers — Part 1: General

60076£11:2004, Power transformers — Part 11: Dry-type transformers

TR 60083, Plugs and socket-outlets for domestic and similar general use standardized

[TCs in the preparation of publications for products similar to those mentioned in the scope
his group safety publication, in accordance with the principles laid down in IEC Guide 104
and ISO/IEC Guide 51.

of the responsibilities of a TC is, wherever applicable, to make use of, BSPs and/or GS§Ps

ent

ks,

{ in

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 60112:2003, Method for the determination of the proof and the comparative tracking indices
of solid insulating materials

IEC 60127 (all parts), Miniature fuses

IEC 60127-3, Miniature fuses — Part 3: Sub-miniature fuse-links

IEC 60216 (all parts), Electrical insulating materials — Thermal endurance properties


https://iecnorm.com/api/?name=918757a13150adc615a06da765df47c3

-12 - IEC 61558-2-15:2022 EXV © |[EC 2022

IEC 60227 (all parts), Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V

IEC 60227-5:2011, Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V — Part 5: Flexible cables (cords)

IEC 60245 (all parts), Rubber insulated cables — Rated voltages up to and including 450/750 V

IEC 60245-4:2011, Rubber insulated cables — Rated voltages up to and including 450/750 V —
Part 4: Cords and flexible cables

IEC 60269 (all parts), Low voltage fuses

IEG 60269-2:2013, Low voltage fuses — Part 2: Supplementary requirements for-fuses for yise
by |authorized persons (fuses mainly for industrial application) — Examples ‘of standardized
sy§tems of fuses A to K

IEC 60269-3:2010, Low voltage fuses — Part 3: Supplementary requireénients for fuses for lise
by |unskilled persons (fuses mainly for household or similar applications) — Examples| of
standardized systems of fuses A to F

IEC 60309 (all parts), Plugs, socket-outlets and couplers for industrial purposes
IEG 60317 (all parts), Specifications for particular types of windings wires

IEC 60317-0-7:2012, Specifications for particular‘types of winding wires — Part 0-7: General
requirements — Fully insulated (FIW) zero-defect enamelled round copper wire with nominal
comductor diameter of 0,040 mm to 1,600 mm

IEG 60317-56, Specifications for particular types of winding wires — Part 56: Solderable fully
insplated (FIW) zero-defect polyurethane enamelled round copper wire with nominal condudtor
digmeter 0,040 mm to 1,600 mm, class 180

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

1
@

IEG 60320-2-3, Appliance~eouplers for household and similar general purposes — Part 2
Appliance couplers with.a degree of protection higher than IPX0

IEC 60384-14:2013) Fixed capacitors for use in electronic equipment — Part 14: Sectional
specification: Fixed capacitors for electromagnetic interference suppression and connectior to
the supply mains

IEG 60417, Grapahical symbols for use on equipment
(avlailable at http://www.graphical-symbols.info/equipment)

IEC 60454 (all parts), Pressure-sensitive adhesive tapes for electrical purposes

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

IEC 60664-1:2007, Insulation coordination for equipment within low voltage systems — Part 1:
Principles, requirements and tests

IEC 60664-3:2016, Insulation coordination for equipment within low-voltage systems — Part 3:
Use of coating, potting or moulding for protection against pollution
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IEC 60691:2015, Thermal-links — Requirements and application guide

IEC 60695-2-10:2013, Fire hazard testing — Part 2-10: Glowing/hot-wire based test methods —
Glow-wire apparatus and common test procedure

IEC 60695-2-11:2014, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-wire flammability test method for end-products

IEC 60721-3-2, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 2: Transportation

IEQ 60730 (all parts), Automatic electrical controls

IEG 60730-1:2013, Automatic electrical controls — Part 1: General requirements
IEG 60851-3:2009, Winding wires — Test methods: Part 3: Mechanical properties
IEG 60851-5:2008, Winding wires — Test methods: Part 5: Electrical properties
IEG 60851-6:2012, Winding wires — Test methods: Part 6: Thermal properties

IEQ 60884-1:2002, Plugs and socket-outlets for household“and similar purposes — Parf 1:
Gepheral requirements

IEC 60884-1:2002/AMD1:2006
IEC 60884-1:2002/AMD2:2013

IEG 60884-2-4, Plugs and socket-outlets fotshousehold and similar purposes — Part 3-4:
Patticular requirements for plugs and socketzoutlets for SELV

IEG 60898 (all parts), Electrical accessories — Circuit-breakers for overcurrent protection |for
holisehold and similar installations

IEG 60906-1, /EC system of plugs and socket-outlets for household and similar purposes — Rart
1: Plugs and socket-outlets t6"A 250 V a.c.

IEG 60906-3, IEC system of plugs and socket-outlets for household and similar purpose
Parlt 3: SELV plugs @nd socket-outlets, 16 A6 V, 12V, 24 V, 48 V, a.c. and d.c.

12}
|

IEG 60947-7-1%-Low-voltage switchgear and controlgear — Part 7-1: Ancillary equipmenit —
Terminal blocks for copper conductors

IEC 60990:2016, Methods of measurement of touch current and protective conductor current

IEC 60998-2-1, Connecting devices for low-voltage circuits for household and similar purposes
— Part 2-1: Particular requirements for connecting devices as separate entities with screw-type
clamping units

IEC 60998-2-2, Connecting devices for low-voltage circuits for household and similar purposes
— Part 2-2: Particular requirements for connecting devices as separate entities with screwless-
type clamping units

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

IEC 61032, Protection of persons and equipment by enclosures — Probes for verification
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IEC 61058-1:2016, Switches for appliances — Part 1: General requirements
IEC 61058-1-1:2016, Switches for appliances — Part 1-1: Requirements for mechanical switches

IEC 61140:2016, Protection against electric shock — Common aspects for installation and
equipment

IEC 61373, Railway applications — Rolling stock equipment — Shock and vibration tests

= 558420 & 6 afsform a S A S y 1 f fons
th

reof — Part 1: General requirements and tests

IS® 8820 (all parts), Road vehicles — Fuse-links

EN[50075:1990, Specification for flat non-wirable two-pole plugs 2.5 A 250 V, with cord, for fthe
connection of class llI-equipment for household and similar purposes

D

N 43671:1975, Copper bus bars; design for continuous current

D

N 43670:1975, Aluminium bus bars; design for continuous current

D

N 43670-2:1985, Aluminium bus bars copper cladding; deSign for continuous current

3 | Terms and definitions

IS® and IEC maintain terminological databases for use in standardization at the followjng
addiresses:

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

NOTE Further definitions of transformeérs intended for particular use are indicated in the relevant partg of
IEC|61558-2.

When the term transformer is used it covers transformer, reactor and power supply unit where applicable.

Unlgss otherwise specifieds:the terms “voltage” and “current” imply the RMS values of alternating voltage and currgnt,
and|for direct voltage and c¢urrent, they imply the corresponding arithmetic mean values.

"Ripple-free" is canventionally an RMS ripple voltage not more than 10 % of the DC component.

An |ndex of oftenvused terms and definitions is provided at the end of this document.

3.1 Transformers

3.14
transformer
static piece of apparatus with two or more windings which, by electromagnetic induction,
transforms a system of alternating voltage and current into another system of voltage and
current usually of different values and at the same frequency for the purpose of transmitting
electrical power

Note 1 to entry: The term frequency also implies that the waveform remains the same.
[SOURCE: IEC 60050-421:1990, 421-01-01, modified — “power” deleted and “NOTE” added]
3.1.2

isolating transformer
transformer with protective separation between the input winding(s) and output winding(s)
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3.1.3

safety isolating transformer

isolating transformer designed to deliver SELV (safety extra-low voltage) or PELV (protective
extra-low voltage)

3.1.4

separating transformer

transformer with input winding(s) separated from the output winding(s) by at least basic
insulation

3.1.5
auto-transformer
trapnsformer in which input and output windings have a common part

Note 1 to entry: Auto-transformers may have supplementary windings or tappings for adjustmeft\pdrposes.

Notp 2 to entry: Transformers with windings separated at least by functional insulation and electrically connected,
will|be treated as auto-transformers.

3.1.6

associated transformer
trapnsformer designed to supply a specific appliance or equipmept, ‘or a part of them, and beling
either an incorporated transformer or a transformer for specific use

3.1[.6.1

indorporated transformer
associated transformer designed to be built into a“specific appliance or equipment, or intp a
paft of them, and the enclosure of which providesprotection against electric shock

3.1.6.2

trapnsformer for specific use
associated transformer fixed to or delivered with the appliance or equipment, without bejing
incprporated in this appliance or equipment and having its own enclosure which provides
prdtection against electric shock

3.1.7

independent transformer

traL'nsformer designed to supply unspecified appliances and intended to be used without any
additional enclosurewhich provides protection against electric shock

Note 1 to entry: Such.a transformer can be either a portable transformer or a stationary transformer.

3.1.8
void

3.1.9
short=circuitproof-transformer
transformer not exceeding the specified temperature limits when overloaded or short-circuited,
and which continues to meet all the requirements of this document after removal of the overload
or short-circuit and is not required to operate continuously under short-circuit or overload
condition

Note 1 to entry: “Continues to meet all the requirements of this document” does not imply that all types of short-
circuit proof transformers continue to operate.

3.1.9.1

non-inherently short-circuit proof transformer

short-circuit proof transformer equipped with a protective device or with an intentional weak
part which opens the input circuit or the output circuit, or reduces the current in the input
circuit or the output circuit when the transformer is overloaded or short-circuited, and
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continues to meet all the requirements of this document after removal of the overload or short
circuit

3.1.9.1.1

non-inherently short-circuit proof transformer with resettable, self-resetting or
replaceable protective device

short-circuit proof transformer equipped with a protective device which after resetting or
replacing continues to operate

theqmal fuses, thermal links, thermal cut-outs and PTC resistors and automatic break-off mechanical devices,

3.1.9.1.2

noh-inherently short-circuit proof transformer with non-self-resetting or non-=
reglaceable protective device

short-circuit proof transformer equipped with a non-self-resetting or _‘nen-replaceaple
prdtective device or with a non-replaceable intentional weak part, which continues to meef all
thg requirements of this document after removal of the overload or shoft Circuit, but does pot
continue to operate after the overload or short-circuit is removed

3.1.9.2

inHerently short-circuit proof transformer
short-circuit proof transformer not equipped with any device for protection against overlgad
or ghort circuit

Note 1 to entry: The transformer, by construction, does not exceed the specified temperature limits, and continues
to dperate and meet all the requirements of this document after the removal of the overload or short circuit.

3.1.10

noh-short-circuit proof transformer
trapnsformer intended to be protected against excessive temperature by means of a protective
deyice, not provided with but stated onsthe transformer, and which continues to meet all the
requirements of this document afterthe removal of the overload or short circuit and] if
applicable, after resetting or replacing the protective device

3.1.11

fai|-safe transformer
trapsformer equipped. with a protective device or with an intentional weak part, whlich
pefmanently fails tofanction by the interruption of the input circuit when the transformer is
overloaded or short-circuited, but presents no danger to the user or surroundings

Note 1 to entry;)lt.continues to meet all the requirements of this document after removal of the overload or short
circpit.

Notg 2 to entry: “Continues to meet all the requirements of this document” does not imply that the fail-gafe
transformer continues to operate. After failing it fulfils the dielectric strength test based on 35 % of the origjnal
vaI:les (see 15.5).

3.1.12

portable transformer

either a transformer which is moved while in operation, or a transformer which can easily be
moved from one place to another while connected to the supply or being a plug-in transformer

3.1.13
flush-type transformer
transformer designed to be mounted in a flush-type mounting box

3.1.14

fixed transformer

transformer intended to be used while fastened to a support in a position which may be
specified by the manufacturer
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3.1.15
stationary transformer

either a fixed transformer or a transformer having a mass exceeding 18 kg and provided with

no carrying handle(s)

3.1.16
hand-held transformer
portable transformer intended to be held in the hand during normal use

ted

elecctronic device incorporating transformer(s) and electronic  cGircuitry(ies), that converts

volthge and current. The device may consist of one or more individual Gnits with identical or different waveforms
frequencies including DC output, and the internal operating frequency and waveform are different from the su
frequency and waveform and the internal operating frequency doées not exceed 500 Hz.

3.1.20
swjtch mode power supply unit

put
And
ply

elecctronic device incorporating transformer(s) and electronic circuitry(ies), that converts

electrical power into single or multiple power-outputs

1 to entry: It may also isolate the input €ircuit from the output circuit, and regulate and/or convert the ou
voltage and current. The device may consist.af'one or more individual units with identical or different waveforms
frequencies including DC output, and the@nternal operating frequency and waveform are different from the su
frequency and waveform and the internaloperating frequency does exceed 500 Hz, but not exceed 100 MHz.

3.1.21
redctor

put
and

ply

arrangement comprising.one or more windings with an impedance depending on the frequenicy,
working in accorddnce with the principle of self-induction whereby a magnetising current

generates a magnetic field through a magnetically effective core or through air

Note 1 to entry:{ Reactors with toroidal cores are also included in this definition.

3.1.101
isdlating transformer for medical IT systems for the supply of medical locations

isdlating transformer used for the supply of medical IT system for group 2 medical locatians,

designed to be permanently connected and with double or reinforced insulation between each

part of the transformer (body, screen, circuits, thermal sensitive device) except between
core and the body

3.2 General terms

3.2.1

external flexible cable

external flexible cord

flexible cable or cord for external connection to the input or output circuit, fixed to
assembled with the transformer according to type X, type Y or type Z attachment

the

or
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3.21.1

type X attachment

method of attachment enabling easy replacement of the ordinary or especially prepared ca
or cord

3.2.1.2
type Y attachment

method of attachment intended to be replaced only by the manufacturer, his service agent,

similar qualified person

ble

or

Notp T fo enfry: Type Y attachments may be used either with ordinary flexible cables or cords, or with sp¢
cables or cords.

.1.3

tyge Z attachment

method of attachment preventing replacement of the flexible cable or cord without breaking
destroying a part of the transformer

Notg 1 to entry: Power supply cords are:
fixed to or assembled with the transformer by type X, Y or Z attachment, or

connected to the transformer by an appliance coupler.

Notpe 1 to entry: Connecting leads are considered ‘as an internal wire.

acgessible part
pafts which may be touched with the standard test finger after correct installation of
transformer

3.2.6
detachable part
paft which can be removed without the aid of a tool

cial

or

ing

the

3.2.7
non-detachable part
part which can be removed only with the aid of a tool

3.2.8

tool

screwdriver, a coin, or any other object which may be used to operate a screw or similar fix
means

3.2.9
enclosure
housing affording the type and degree of protection suitable for the intended application

ing
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Note 1 to entry: Protection against for example mechanical impacts, corrosion, fungi, vermin, solar radiation, icing

and moisture.

[SOURCE: IEC 60050-195:1998, 195-02-35, modified — “NOTE” added]

3.2.10
intermediate conductive part

non-accessible conductive part situated between hazardous-live-parts or the body and other

hazardous-live-part

3.2.11

conductive part
paft which can carry electric current

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

3.212

elgctronic component
paft in which conduction is achieved principally by electrons moving through a vacuum, gas
semiconductor

Note 1 to entry: Neon indicators are not considered to be electronic components

3.2.13
electronic circuit
cir¢uit incorporating at least one electronic component

3.2.14
void

3.2.15
electrical separation
seiaration between conductive parts'by means of air and/or solid insulation

3.2.101
medical IT system
elejctric IT system fulfilling\all specific additional requirements of group 2 medical locations

[SOURCE: IEC 60364-7-710:2021, 710.3.10, modified — Note 1 to entry has been deleted.]

3. Operations and protections

3.3.1
all|pole disconnection
disponnection of all live conductors by a single switching action

Note 1 to entry: Protective earthing conductor is not considered to be a supply conductor.
Note 2 to entry: A neutral conductor is considered to be a supply conductor.

Note 3 to entry: National wiring rules may or may not require the disconnection of the neutral conductor.

3.3.2
thermal cut-out

or

temperature sensitive device which limits the temperature of a transformer, or of parts of it,
during abnormal operation by automatically opening the circuit or by reducing the current, and

which is so constructed that its setting cannot be altered by the user
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3.3.3

self-resetting thermal cut-out

thermal cut-out which automatically restores the current after the relevant part of the
transformer has cooled down sufficiently, or the load has been removed

3.3.4
non-self-resetting thermal cut-out
thermal cut-out requiring manual resetting or replacement of a part to restore the current

3.3.5
thgrmal-link
thgrmal cut-out which operates only once

3.3.6

overload relay
cunrent-operated switch which protects a circuit from overload by opening when‘the curreng in
that circuit reaches a predetermined value and which remains in the open position

3.3.7

intentional weak part
paft other than overload protective device (fuses, circuit-breaker, thermal cut-outs, efc.)
intended to rupture under conditions of abnormal operation/to prevent the occurrence of a
conmdition which could impair compliance with this document

Note 1 to entry: Such a part may be a replaceable component, suech as’a resistor or a capacitor or a non replacegble
par{ of a component such as an inaccessible weak point in a winding.

3.3.8

working voltage
highest RMS value of the AC or DC voltage which may occur (locally) across any insulation at
rated supply voltage under no-load *0r" normal operating conditions, transients befing
disfegarded

Note 1 to entry: When considering the insulation system between windings not intended to be connected together,
the working voltage is considered to be\the highest voltage occurring on any of these windings.

Notpe 2 to entry: On three phase.systems, the working voltage can be different from the nominal voltage.

3.3.9

sheort-circuit voltage
voltage to be applied-to the input winding, when the windings are at ambient temperature| to
prgduce in the shart-circuited output winding a current equal to the rated output current

Notk 1 to entfy:) "The short-circuit voltage is usually expressed as a percentage of the rated supply voltage.

3.3.10
duty-type
continuous or conventional periodic duty consisting Of one or more sets of loads remaining
constant for the durations specified

3.3.10.1
continuous duty
operation for an unlimited period

3.3.10.2

short-time duty cycle

operation for a specified period, starting from cold, the intervals between each period of
operation being sufficient to allow the transformer to cool down to approximately ambient
temperature
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3.3.10.3
intermittent duty cycle
operation in a series of specified identical cycles

3.3.11

protective earthing conductor

PE

protective conductor provided for protective earthing

[SOURCE: |IEC 60050-195:1998, 195-02-11]

3. Circuits and windings

3.4.1

inpgut circuit
cir¢uit intended to be connected to the supply consisting of the input winding-and the interpal
cirpuits

3.4.2

output circuit
cir¢uit to which the distribution circuit, appliance or other equipment is to be connected,
consisting of the output winding and the internal circuits

3.4.3
ingut winding
wirlding of the input circuit

3.4.4
output winding
wirlding of the output circuit

3.4.5

internal circuit
cir¢uit which consists of components, interconnections and connections to the terminals and
thg windings, excluding protective earthing circuit

3.4.6

fully insulated winding wire
FIW
wire according ¢o<EC 60317-0-7, IEC 60317-56 and tested according to IEC 60851-5:2(008
which is a zero=defect wire construction

3.4.7
grade of FIW
rarjge of overall diameter of a wire (FIW3 to FIW9)

3.4.8
insulated winding wire
winding wire for basic-, supplementary-, or reinforced insulation

Note 1 to entry: Requirements are provided in Annex K.

3.4.9

extruded winding wire

TIW

winding wires with basic-, supplementary-, or reinforced insulation obtained by extrusion

Note 1 to entry: The term TIW is commonly used to cover all types of extruded winding wires.
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3.5 Ratings

3.5.1

rated supply voltage

supply voltage (for polyphase supply, the phase-to-phase voltage) assigned to the transformer
by the manufacturer for the specified operating conditions of the transformer

3.5.2
rated supply voltage range
supply voltage range assigned to the transformer by the manufacturer, expressed by its lower

unnar lisaito
Tt

ang-dppert

3.5.3

rated frequency
frequency assigned to the transformer by the manufacturer for the specified operating
conditions of the transformer

3.5.3.1
rated supply frequency
frequency on the input of the transformer assigned by the manufacturer

Note 1 to entry: The supply frequency is the frequency of the mains.

3.5.3.2

internal operational frequency
highest internal frequency assigned by the manufaCturer as the operating frequency of a
trapsformer or other components built into a powersupply unit

oufput current at rated supply voltage, rated supply frequency and rated output voltage| at

oufput voltage (for polyphase supply, the phase-to-phase voltage) at rated supply voltapge,
rated supply frequency .and rated output current, at rated power factor, assigned to fhe

rated powerfactor
poyer factor) assigned to the transformer by the manufacturer for the specified operafing
conditions-of the transformer

3.5.7
rated output
product of the rated output voltage and the rated output current or, for three-phase

transformers, \/g times the product of the rated output voltage and the rated output current

Note 1 to entry: If the transformer has more than one output winding or a tapped output winding, the rated
output denotes the maximum sum of the products of rated output voltage and rated output current for output
circuits intended to be loaded simultaneously.

3.5.8

rated ambient temperature

ta

maximum temperature at which the transformer may be operated continuously under normal
conditions of use
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Note 1 to entry: The value of the rated ambient temperature (f,) does not preclude temporary operation of the
transformer at a temperature not exceeding (t, + 10) °C.

3.5.9
rated minimum ambient temperature

foo:
amin
minimum temperature at which the transformer may be operated continuously under normal conditions of use

3.5.10
rated minimum temperature

tml
mir[limum temperature only for transportation and storage

3.5.11
oervoltage category
numeral defining a transient overvoltage condition

Notk 1 to entry: Overvoltage categories |, II, Il and IV are used, see IEC 60664-1:2007( 4,3.3.2.

[SQURCE: IEC 60050-581:2008, 581-21-02, modified — “NOTE” added)

3.9.11.1
rvoltage category |

1 to entry: Examples of such equipment are those\containing electronic circuits protected to this level.
However, unless the circuits are designed to take the tempaorary overvoltages into account, equipment of overvoltage

(o)

engrgy-consuming equipment.to be supplied from the fixed installation

Notg 1 to entry: Examples @f that equipment are transformers for household appliances, telecommunications, toys,
and| similar loads.

3.5.11.3
rvoltage category Il

ipment.used in fixed installations and for cases where the reliability and the availability of
thg equipment is subject to special requirements

Not trial

use with permanent connection to the fixed installation.

3.5.11.4

overvoltage category IV

ovC IV

equipment used at the origin of installation

Note 1 to entry: Examples of such equipment are transformers in fixed installations of power plants or immediate
to such installations.

3.5.101

rated input current

input current assigned to the transformer by the manufacturer, when the transformer is loaded
with rated output
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3.6 No-load values

3.6.1

no-load input

input of the transformer when connected to rated supply voltage at rated supply frequency,
with no load on the output

3.6.2

no-load output voltage
output voltage when the transformer is connected to rated supply voltage at rated supply
fre i

ingut current when the transformer is connected to the rated supply voltage, at the rated

Insulation

.1
ic insulation
insulation of live parts which provides basic protection

Note 1 to entry: This concept does not apply to insulation used exclusively for functional purposes,| for
example wire enamel.

[SQURCE: IEC 60050-195:1998, 195-06506, modified — “hazardous” deleted and “,for examfple
wire enamel” added]

3.7.1.1
functional insulation

insulation between conductive parts, necessary for the proper functioning of the transformef

Note 1 to entry: For transformers, proper functional insulation may have influence on the safety. Functignal
insyilation is checked.by the requirements of this document but additional requirements may exist in IEC 61548-2
(all jparts).

[SQURCE: IEC-60050-195:1998, 195-02-41, modified — “transformer” replaces “equipment” gnd
‘NOTE” added]

3.7.2
suppiementary-insulation
independent insulation of hazardous-live-parts applied in addition to basic insulation, for
fault protection

Note 1 to entry: Fault protection means in order to provide protection against electric shock in the event of a basic
insulation failure.

[SOURCE: IEC 60050-195:1998, 195-06-07, modified — “hazardous-live-parts” and “NOTE”
added]

3.7.3
double insulation
insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60050-195:1998, 195-06-08]
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3.7.4

reinforced insulation

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

Note 1 to entry: Reinforced insulation may comprise several layers which cannot be tested singly as basic insulation
or supplementary insulation.

[SOURCE: IEC 60050-195:1998, 195-06-09]

3.7.5

class | transformer
trapnsformer in which protection against electric shock does not rely on basic insulation-only,
buf which includes an additional safety precaution such as a protective earthing terminal for the
comnection of accessible conductive parts to the fixed wiring of the installation

Note 1 to entry: The protective earthing connection prevents that accessible conductive parts-become live in|the
evept of a basic insulation failure.

Note 2 to entry: Class | transformers may have parts with double or reinforced insulation.

3.7.6

class Il transformer

trapnsformer in which protection against electric shock does notirely on basic insulation o]vly,
|

buf in which additional safety precautions such as double insulation or reinforced insulat{on
arg provided, there being no provision for protective earthing or reliance upon installafion
conditions

Note 1 to entry: A class Il transformer may be provided, with means for maintaining the continuity of protective
earfhing circuits, provided that such means are inside the transformer, and are insulated from accessible surfaces
accprding to the requirements of class II.

Note 2 to entry: In certain cases, it may be necessary to distinguish between "all insulated" and "metal encaged"
clags Il transformers.

Note 3 to entry: A transformer having a.durable and substantially continuous enclosure of insulating matgrial
whigh envelops all conductive parts, with, the exception of small conductive parts, such as nameplates, screws
and|rivets, which are isolated from hazardous-live-parts by insulation at least equivalent to reinforced insulation,
is cplled an all insulated class Il transformer.

Notg 4 to entry: A transformer.having a substantially continuous metal enclosure, in which double insulatiop is
usefd throughout, except for those parts where reinforced insulation is used because the application of doyble
insylation is manifestly impracticable, is called a metal encased class Il transformer.

Notg 5 to entry: If a transformer with double insulation and/or reinforced insulation throughout has a protective
earfhing terminal, itlis deemed to be of class | construction.

Notk 6 to entry: \A class Il transformer may be provided with functional earthing circuit.

voltages higher than those of SELV are not generated

Note 1 to entry: The classification I, Il or IIl does not refer to the insulation system between input windings and
output windings.

3.7.8

clearance

CL

shortest distance in air between two conductive parts

Note 1 to entry: For the purpose of determining a clearance to accessible parts, the accessible surface of an
insulating enclosure is to be considered conductive as if it were covered by a metal foil wherever it can be touched
by the standard test finger (see Figure 4).
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[SOURCE: IEC 60664-1:2007, 3.2, modified — “NOTE” added]

3.7

.9

creepage distance

CR

shortest distance (through air) along the surface of an insulating material between two
conductive parts

Note 1 to entry:

For the purpose of determining a creepage distance from transformer conductive parts to

accessible parts, the accessible surface of an insulating enclosure is to be considered conductive as if it were

cov

[SC

3.7

po
any
str

[SC

3.7
mi
im
cr

Not
equ
eny|
fact]

[SC

3.7
de
de

3.7
po
P1
po
Not

3.7

red h\]l ametal foil whaorover it can hao talichad h\JI the standard tast fingnr (enn l:igura A)
DURCE: IEC 60050-151:2001, 151-15-50, modified — “through air” and “NOTE” added]
.10

lution

addition of foreign matter, solid, liquid, or gaseous, that can result in a reduction of dielec

ength or surface resistivity of the insulation
DURCE: IEC 60664-1:2007, 3.11]

.11
Cro-environment

ediate environment of the insulation which particularlyninfluences the dimensioning of
epage distances or clearances

e 1 to entry: The micro-environment of the creepage distance or clearance and not the environment of
pment determines the effect on the insulation. The micro-environment might be better or worse than
ronment of the equipment. It includes all factors influencing the insulation, such as climatic and electromagn
prs and generation of pollution, etc.

DURCE: IEC 60664-1:2007, 3.12.2, modified — “or clearances” and “NOTE” added]

.12
gree of pollution

.12.1
lution degree 1

lution degree.in which no pollution or only dry, non-conductive pollution occurs

E 1 to entry.’ The pollution has no influence.

.12.2

po

tric

the

the
the
etic

gree of pollution in the micro-environment established for the purpose of evaluatjing
cleiarances and creepage distances

lution degree 2

P2

pollution degree in which only non-conductive pollution occurs, except that occasionally a
temporary conductivity caused by condensation is to be expected

Note 1 to entry:

(P2), hermetic sealing is not required.

3.7.12.3
pollution degree 3

P3

Transformers having a reasonably tight enclosure are considered to have pollution degree 2

pollution degree in which conductive pollution occurs, or dry non-conductive pollution
occurs which becomes conductive due to the condensation which is to be expected
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3.7.13

protective separation

separation between circuits by means of basic and supplementary protection (basic insulation
plus supplementary insulation or protective screening) or by an equivalent protective
provision (for example reinforced insulation)

[SOURCE: IEC 60050-195:1998, 195-06-19, modified — “(electrically)” removed and definition
redrafted]

prgtective screening
separation from hazardous-live-parts by means of an interposed conductive _scregen,
comnected to the means of connection for an external protective earthing conductor

[SQURCE: IEC 60050-195:1998, 195-06-18, modified — “(electrically)” removed.and definitjon
redrafted]

voltage which does not exceed 50 V AC or 120 V ripple free;:DC between conductors,| or

ELV in a circuit which is isolated from the mains supply by such means as a safety isolat|ng

Note 1 to entry: Maximum voltage lower than 504VWAC or 120 V ripple-free DC may be specified in particular

Note 2 to entry: The maximum peak value does not exceed 140 V for a nominal 120 V ripple-free DC system jand

ELV circuit with protective’ separation from other circuits, and which has no provisions |for

maly be earthed and/or the exposed conductive parts of which may be earthed

Not

Te used-where the Ttircuitsare earthedand-SEL Vs ot lequileu.

3.7.19

FELV-circuit

functional extra low voltage-circuit

ELV circuit having the ELV voltage for functional reasons and not fulfilling the requirements for
SELV or PELV

3.7.20

live part

conductor or conductive part intended to be energised in normal operation, including a neutral
conductor, but by convention not a PEN conductor or PEM conductor or PEL conductor

Note 1 to entry: This concept does not necessarily imply a risk of electric shock.
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Note 2 to entry: For definitions of PEM and PEL see IEC 60050-195:1998, 195-02-13 and 195-02-14

[SOURCE: IEC 60050-195:1998, 195-02-19, modified — “NOTE 2” added]

3.7.21
hazardous-live-part
live part which, under certain conditions, can give a harmful electric shock

Note 1 to entry: In case of high voltage, a hazardous voltage may be present on the surface of solid insulation. In
such a case, the surface is considered to be a hazardous-live-part

[SQURCE: IEC 60050-195:1998, 195-06-05, modified — “NOTE” added]

3.7.101

funjctional screening
separation between two windings or between a winding and the core or shielding.of a part o of
thg whole transformer, by means of an interposed conductive screen for functional reason

o

3. Touch current and protective earthing conductor current

3.4.1

touch current
electric current passing through a human body or through an @nimal body when it touches ¢ne
or more accessible parts of an installation or of equipment

[SQURCE: IEC 60050-195:1998, 195-05-21]

3.8.2
protective earthing conductor current
cunrent which flows in a protective earthing egnductor

Note 1 to entry: This current may have influente on the operation of RCDs (residual current protection deviges)
conpected in the same circuit.

4 | General requirements

4.1 Transformers shall\be so designed and manufactured that when used, installed and
malintained according to the manufacturer's instructions, they cause no danger which copuld
regsonably be foreseen to persons or surroundings, even in the event of careless use as may
ocgur in normal service.

In general, compliance is checked by carrying out all the relevant tests.

4.2 \When associated transformers are used in an appliance or equipment for which a
rel
pre

If a transformer is tested under the conditions present in the appliance or equipment for which
it is intended, it shall comply with the following clauses or subclauses thereof of this document:

1-2-3-4-51-52-53-54-55-56-57-71-72-75-76-7.8-82-811-
14.1 — except for the requirements in Table 2 starting with the first: “external enclosures”...,
14.2 — 14.3 — 15.1, restricted to the first box of Table 5 — 18.1 — 18.2 — 18.3 only between
input an output circuits — 18.4 — 19.1 — 19.12 — 20.10 — 26.1 — 26.2 — 26.3 — Annexes A, G,
L, M, N, P

Other clauses shall be taken from the relevant product standard. If the product standard does
not fully cover the remaining clauses, the corresponding missing clauses of this transformer
document shall be used instead.
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4.3 For other hazards not covered by this document (e.g. EMF, functional safety linked to
electric, magnetic and electromagnetic disturbances, etc.), the manufacturer has to perform a
risk assessment.

5 General notes on tests

5.1 Tests according to this document are:

— type tests (defined from 8.1 up to Clause 28);

— [routine tests (defined In Anhnex L).

Eagh sample transformer shall comply with all the relevant tests. In order to reduce the t€sfing
ti and allow for any tests which may be destructive, the manufacturer may submit additiojnal
trapsformers or parts of transformers, provided that they are of the same .mnatérials gnd
designs as the original transformer, and that the results of the tests are the same as if carrnjed
oul on an identical transformer. Where the test for compliance is shown™ as being ['by
inspection”, this shall include any necessary handling.

Unless otherwise specified, the tests shall be carried out under steady;sstate conditions.

Transformers intended to be used with non-detachable flexible cables or cords are tesfed
with the flexible cable or cord connected to the transformer:

5.2 Tests are carried out on specimens as delivered ‘and installed as in normal use taking
int¢ account the manufacturer's installation instructions. If it is not necessary to do the testg of
1413, 15.5, 16.4 and 26.2, the number of specimens is one for all rated outputs.

If the tests of 14.3 need to be performed, threeadditional specimens shall be used. Three mpre
specimens are required if the tests need to-be repeated.

If the tests of 15.5 need to be performed, three additional specimens shall be used. The¢se
spgecimens are used only for the tests of 15.5.

If the tests of 16.4 need to be(performed, they are carried out on four additional specimens.

If the tests of 26.2 need to be performed, they are carried out on three additional specimen

o

Fof components (tested under conditions prevailing in the transformer, the number| of
specimens is that required by the relevant standard.

Fof testinga’series of transformers, see Annex B.

Alllspeécimens shall withstand all the relevant tests, except as mentioned in 14.3.

NOTE 1 For associated transformers, the equipment standard can prescribe other numbers of specimens to be
tested.

NOTE 2 In case of non-replaceable and non-resettable protective devices, the compliance is checked on a specially
prepared specimen.

5.3 Tests are carried out in the order of the clauses and subclauses, unless otherwise
specified.

5.4 If the test results are not influenced by the temperature of the ambient air, the ambient
temperature is, in general, maintained at (20 = 5) °C. Otherwise and if, however, the
temperature attained by any part is limited by a temperature-sensitive device, or is influenced
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by the temperature at which a change of state occurs, the ambient temperature is, in case of
doubt, maintained at (23 £ 2) °C or (¢, £ 2) °C for transformers with t, marking.

The tests are carried out with the transformer, or any movable part of it, placed in the most
unfavourable position that may occur in normal use.

5.5

For AC, test voltages are of substantially sinusoidal wave form, and, if not otherw

specified, have a frequency of 50 Hz or 60 Hz.

5.6 A Re Ro-e—HaR—0he ate-a—SHPL oHage—+o+—a ate-a—SHp

voltage r one rated supply frequency, are tested, unless otherw
specified in this document, at the supply voltage or supply frequency that results in_the=m
seVere test conditions for the transformer.

5.7 As far as possible, measurements are made with instruments which dofnot apprecia
affect the values to be measured; if necessary, corrections shall be made.

5.8 Unless otherwise specified, transformers intended to be used.with external flexi

cable or cords are tested with a cord(s) (see 3.2.1) connected to the transformer.

5.9
pra
ha
ea

ap

5.1
m

at
mo)

If class | transformers have accessible conductive parts which are not connected t
tective earthing terminal or protective earthing contact;”and are not separated fr

thing terminal or protective earthing contact, such parts are checked for compliance with
propriate requirements specified for class Il transformers in this document.

erial. This box is placed in an enclosure as’indicated in Figure 2, made from plywood, W\
hickness of 20 mm, the inside painted dul’black, and the distance between the back of

unting box and the rear wall of the enclosure being 5 mm.
- 300 .
A=
Dull black
RN
77 I
Box

ise

ble

D a
om

rardous-live-parts by an intermediate conductive part‘that is connected to a protective

the

0 A flush-type transformer is tested with>an appropriate flush-mount box of insulating

ith
the

-
\

L/

Plywood
% 20
— |~

N

A - Section A-A EC

Figure 1 — Mounting box for flush-type transformer
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5.1

1 Transformers for specific use for which there are no relevant appliance or equipment
standards are tested as transformers for general use, their rating being considered as the
power consumption and power factor of the appliance(s) or equipment for which they are

designed.
5.12 Void
5.13 |IP0O0 transformers with unknown end application, are tested without adding

enclosure.

an

Fo
in
for

condition test, if applicable, the product standard for the final product applies.

5.1
wit

5.1

te
ap

6
Ra

6.1
tra

6.1
ph

Transformers intended to supply other medical installations that are not group 2 med

loc
pu

6.1

6.1

Co
ma

P7.2 is not performed as the result can be influenced by the enclosure in the final apptieati
example on the fixing point of the transformer fixed on plastic support. For\the fa

h the manufacturer's instructions.

ed in elevations in excess of 2 000 m above sea level, Annéx A of IEC 60664-1:2(
lies.

Ratings

sformers (phase-to-phase voltage).

02 The rated output shall not be Jess than 0,5 kVA and shall not exceed 10 kVA for sing
se or three-phase transformers.

ptions without limitation_efithe rated output shall be subject to an agreement between
chaser and the manufacturer.

03 The rated frequency and internal operational frequency shall not exceed 500 Hz.
04 The rated supply voltage shall not exceed 1 000 V AC.

mpliance with the requirements of 6.101 to 6.104 shall be checked by inspection of
rking.

5 The tests in Clauses 18 and 26 are based on an elevation of 20600 m above sea leve|.

ings are indicated in the relevant part of IEC 61558-2 for different types of transformers.

- these transformers, the requirements of Clause 9 are not applicable. Furthermore, the flest

on,
qult

4 IP00 transformers, with known end application, are mounted and tested”in accordance

If
07

01 The rated output voltage shall not exeeed 250 V AC for single-phase or three-phase

e_

cal
the

the

7

7.1

Classification

Transformers are classified according to their protection against electric shock:

class | transformers;
class Il transformers;

class Ill transformers.

NOTE Incorporated transformers are not classified; their degree of protection against electric shock is determi

by t

he way in which the transformer is incorporated.

ned

7.2 Transformers shall be non-short-circuit proof transformers in accordance with the
short-circuit characteristic or protection against abnormal use.
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7.3 Transformers are classified according to the degree of protection ensured by the
enclosure and defined in accordance with IEC 60529 (IP code) except IP1X.

NOTE For further information see Annex Q.

7.4

7.5

7.6

Transformers shall be stationary transformers.
Transformers shall be classified for continuous duty.

Transformers are classified according to the intended use:

7.6

7.6

7.7

int¢nded to be used:

7.8

8.1

b)

1 Associated

incorporated;

for specific use.

2 Independent

Transformers are classified according to the environmental conditions where they

normal environment;
special environments (e.g. arctic).

Transformers shall be classified for overvoltage category Ill.

Marking and other information

Transformers shall be marked with\the following (for symbols see Table 1):

rated supply voltage(s) or the rated ;supply voltage range(s) in volts;

Transformers having a range of rated values and able to operate without adjustm
throughout the range shall be"marked with the lower and the upper limits of the rar
separated by a hyphen.

NOTE 1 Example 115V — 230 V: the transformer is suitable for any value between 115 V and 230 V.
Transformers having different rated values, and which have to be adjusted for use 3

ent
ge

t a

particular value by the user or installer, shall be marked with the different values separated

by an oblique stroke.

NOTE 2 Example 1: 115V / 230 V: the transformer is only suitable for 115V or 230 V (e.g. a transforpner

with a selector switch or different sets of terminals).

NQTE 8" Example 2: 230 V/400 V: The transformer is only suitable for 230 V or 400 V where 230 V is for sin
phase operation and 400 V for three-phase operation (e.g., a transformer with terminals for both supplies).

ple-

rated output voltage(s) in voIts or Kilovolts;

For transformers incorporating a rectifier, the rated output voltage after the rectifier shall

be marked with the arithmetic mean value, or the output voltage before the rectifier shall
expressed as RMS value.

NOTE 4 The RMS value is distinguished from an arithmetic mean value by the use of RMS in the marking.

be

c) rated output in volt-amperes or kilovolt-amperes and volt-amperes reactive or kilovolt-

d)

amperes reactive for reactors;

NOTE 5 For transformers incorporating a rectifier, the rated output can be expressed in watts, instead of

volt-amperes or kilovolt-amperes.

rated output current(s) in amperes or milliamperes as an alternative to the marking of the

rated output;
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e)

rated supply frequency(ies) in hertz;
rated power factor, if other than unity, for transformers rated above 25 VA;
symbol or abbreviation AC for alternating current or DC for direct current output;

relevant graphical symbols shown in Table 101 that indicate the kind of transformer; if

an

IPOO transformer or and associated transformers have circuits corresponding to different
parts 2 in the same construction (e.g. SELV output circuit according to IEC 61558-2-6 and
230 V output circuit according to IEC 61558-2-4) the relevant symbols have to be used;

name or trade mark of the manufacturer or responsible vendor;

madal
\>a~a)

s)

t)

8.1
cu

8.2

TToOTT

vector group in accordance with IEC 60076-1 (for three-phase transformers if required
symbol for class Il construction, for class Il transformers only;

symbol for class Ill construction, for class Ill transformers only;

indication of the protection index IP, if other than IPQO;

rated maximum ambient temperature ¢, if other than 25 °C;

It is recommended that the values of 7, are given in steps of 5 °C fory, < 50 °C and in st¢ps

of 10 °C for 7, > 50 °C;

rated minimum ambient temperature ¢,;,, if lower than'+10 °C and if a temperat
sensitive device is used;

It is recommended that the values of ¢ are given in'steps of 5 °C.

amin

duty cycle, if any, unless the operating time is limited by the construction of the transforn
or corresponds to the operating conditions specified in the relevant part of IEC 61558
The marking of short-time duty cycle or:intermittent duty cycle shall correspond

her
-2.
to

normal use. The operating time for transformers with short-time duty shall be expressed in

seconds (s) or minutes (min); the operating time and the resting time of transformers \
intermittent duty cycle shall be expressed in seconds (s) or minutes (min), separated by
oblique stroke;

symbol for overvoltage category.if other than OVC II;
transformers to be used with forced air cooling where the fan is not a part of
transformer shall be marked with “AF” followed by the air speed, expressed in m/s;

Transformers shall be'marked with the measured short-circuit voltage expressed as
percentage of the.rated supply voltage.

symbol indicating the maximum altitude of installation, if higher than 2 000 m.

.101 When the inrush current exceeds 8 times the peak value of the rated input
rrent, the-resulting value shall be marked on the transformer.

ith
an

the

i~

ed

Transformers with protection index IP00, or associated transformers, may be mar}

wit

N only the name (or trade mark) of the manufacturer or responsible vendor and the type
reference (or catalogue reference). Other characteristics shall then be provided in the data
sheets of the transformer or in the manufacturer's instruction sheet.

The name of the manufacturer or responsible vendor and the type reference may be replaced

by

a traceable code.

This information shall enable replacement of the original transformer with an equivalent

tra

nsformer.

NOTE Equivalent implies electrically, mechanically, dimensionally and functionally interchangeable.

8.3

If the transformer can be adjusted for different rated supply voltages, the adjusted
voltage shall be easily and clearly discernible.
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8.4 Transformers with tapped or multiple output windings shall be marked with:

the rated output voltage for each tapping or winding, unless the transformer is intended
for special purposes involving frequent changes in output voltage;

the rated output for each tapping or winding; if the rated output for all tapings or windings
is the same, at least one tapping or winding shall be marked.

The arrangement of the connections necessary to obtain the various output voltages shall be

cle

arly indicated on the transformer.

sh
m

pre
rel

No
de

wit
mo

NO

NO
add

Th
de

Wh

P p
rt-circuit proof transformers designed to be protected by fuses shall, in additiony|be
rked with the rated current (amperes or milliamperes) of the protecting fuse-link, faflowed or
ceded by the symbol for the time current characteristics of the fuses in accordance ‘with the
pvant publication, if applicable.

ices other than fuses, and non-short-circuit proof transformers designed to be protected
h protective devices other than fuses shall, in addition, be markedcwith the manufactur
del or type reference of the protective device, and/or the ratingsof_the protective device

n-inherently short-circuit proof transformers with incorporated replaceable protecIve

r's

[E 1 In addition, a symbol in accordance with Annex V can be used.

[E 2 Non-inherently short-circuit proof transformers with nonh:replaceable protective devices need| no
tional marking regarding the protective device.

b marking shall contain sufficient information to ensure proper replacement of the protective
ice.

en replaceable protective devices other thanfuses are used, appropriate information abput

thdir replacement shall be provided in angnstruction sheet, or the equivalent, accompanyjing

the

8.6
for

Prd

Te

If gny point of a'winding or a terminal is connected to the frame or core, it shall be marked W

the

A

transformer.

Terminals intended exclusively for the neutral conductor shall be identified by the sympol
neutral.

tective earthing terminals shall be identified by the symbol for protective earthing.
minals of input andoutput windings shall be clearly identified.

th

relevant symbol.

termiinals shall be clearly marked.

8.7
tra

8.8
the

the
nsformer is to be connected, unless it is evident from the design of the transformer.

For transformers with type X, Y and Z attachments, the instruction sheet shall contain
following information or the equivalent:
for type X attachments having a specially prepared cord:

"If the external flexible cable or cord of this transformer is damaged, it shall be replaced
by a special cord or assembly available from the manufacturer or their service agent";

for type Y attachments:

"If the external flexible cable or cord of this transformer is damaged, it shall be replaced
by the manufacturer or their service agent or a similarly qualified person in order to avoid a
hazard";
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— for type Z attachments:

"The external flexible cable or cord of this transformer cannot be replaced; if the cord is
damaged, the transformer shall be scrapped".

8.9 Transformers for indoor use only shall be marked with the relevant symbol.

8.10 Class Il transformers shall be marked with the graphical symbol IEC 60417-5172:2003-
02 placed adjacent to the supply information (e.g. on the rating plate), such that it is obvious
the symbol is part of the technical information and can in no way be confused with the
manufacturer’s name or any other identification (see 7.4.4 of IEC 61140:2016).

cla
m

s |l after mounting according to the mounting instructions of the manufacturer and{shall

Cl}ss Il transformers with parts to be mounted shall be delivered with all parts that make-th
rked with the class Il symbol. Moreover, if the transformer can be mounted,without

lem
be
the

coYers (e.g. on a distribution box), the marking for class |l shall be placed-on"a part that
effectively provides the class Il characteristics (e.g., on a cover for terminals tolconnect to

supply).

8.11 When symbols are used on equipment or in instructions, they shall be as follows:

Table 1 — Symbols used on equipment or in ‘instructions

the

Symbol or Explanation or title Identification
graphical symbol
vV a Volts
A?d Amperes

VA or (VAR) @

Volt amperes (or volt-amperes reactive for reactors)

W 2@ Watts
Hz @ Hertz
PRI Input
SEC Output
Direct current IEC 60417-5031:2002-10
N Neutral
Alternating current IEC 60417-5032:2002-10
~_
3/-\/ Three-phase alternating current IEC 60417-5032-1:2002-10
3N =, Three-phase alternating current with neutral conductor IEC 60417-5032-2:2002-10
cos ¢ Power factor
— Class Il equipment IEC 60417-5172:2003-02
—
@ Class Il equipment IEC 60417-5180:2003-02
I Equipment of overvoltage category | IEC 60417-6348:2015-10
II Equipment of overvoltage category Il IEC 60417-6349:2015-10

Equipment of overvoltage category Il

IEC 60417-6350:2015-10
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Symbol or Explanation or title Identification
graphical symbol

| IV| Equipment of overvoltage category IV IEC 60417-6351:2015-10
_E_ Fuse (add symbol for time-current characteristics) IEC 60417-5016:2002-10
t Rated maximum ambient temperature

Maximum temperature at which the transformer may
be operated continuously under normal conditions of

use
Lamin Rated minimum ambient temperature
Minimum temperature at which the transformer may be
operated continuously under normal conditions of use
toin Rated minimum temperature

Minimum temperature for transportation and storage

Protective earth (ground) IEC 60417-5019:2006-08

| Frame or chassis (or core terminal) IE€ 60417-5020:2002-10

IPXX IP number °
| Earth (ground or functional earth) IEC 60417-5017:2006-08
j indoor use only IEC 60417-5957:2004-12
To indicate that the appliance is intended to be usable IEC 60417-6343:2015-06
up to the maximum aliittde 3 000 m.

<3000m The letter symbols**3 000" may be replaced by those
for a different numerical value (in metres) in agreement
with actuakapplications. The recommended value
should beleither 2 000, 3 000, 4 000, or 5 000 (metres).

To indicate that the power supply unit shall not be used, IEC 60417-6352:2015-10
if pins-of the plug part are damaged.

NOTE See 8.8, attachment type C
7

a | Multiple or'stbmultiples are allowed (e.g. kV, mA...).

b | The X-usé&d in the IP number in this scheme indicates a missing numeral in the example, but both of {he
appfopriate numerals shall be marked on the transformer, if applicable. Additional and supplementary letters
mentioned in IEC 60529 may be used if necessary.

Table 101 — Symbols indicating the kind of transformer

Symbol or graphical symbol Explanation or title Identification

r 7 Non-short-circuit proof isolating transformers IEC 60417-5972:2003-08
for medical IT systems for the supply of
group 2 medical locations

I NOTE This symbol is not applicable for
transformers > 10 kVA
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8.12 The different positions of regulating devices and the different positions of switches shall
be indicated by numbers, letters or other visual means.

If numbers are used for indicating the different positions, the "off" position shall be indicated by
the number 0 and the position for a greater output, input, etc. shall be indicated by a higher
number.

The number 0 shall not be used for any other indication. Indications used shall be
comprehensible without the knowledge of languages, national standards, etc.

8.13 Marking shall not be placed on screws or other easily removable parts.

MaLrlking shall, with the exceptions mentioned below, be clearly discernible~when the
transformer is ready for use.

Malrking related to the terminals shall be so positioned that it is clearly discernible, if necessary
after removal of the cover; it shall be such that there can be no confusion between input
terminals and output terminals.

Malrking related to the interchangeable protective devices shall be positioned adjacent to the
bases of these devices, and shall be clearly discernible after removal of any cover and the
prdtective device.

8.14 Visible information (symbols) shall be provided, ‘wWhen it is necessary to take spegial
prgcautions for installation, transportation or use (in thé.catalogue, data sheet, instruction sheet
or packaging):

— |[non-inherently short-circuit proof transformer with non-self-resetting or non-
replaceable protective device and non<replaceable intentional weak parts shall have|an
information explaining the protective devices cannot be resetted or replaced after a short-
circuit or an overload;

— |for transformers generating a protective earthing conductor current greater than 10 mA
and are intended for permanent connection, the protective earthing conductor current
shall be clearly stated in the instruction and indication shall be given that the installatjon
shall be made according.te’the wiring rules;

— |for stationary transformers with a rated output exceeding 1 000 VA, the short-cirguit
voltage expressed.as a percentage of the rated supply voltage;

— |the electrical function of the transformer;

— [the limiting.temperature of the winding under abnormal conditions which shall be respec}ed
when thetransformer is built into an appliance as information for appliance design;

— [for transformers not designed for series and/or parallel connection with more than ¢ne
output*winding, that the transformer is not intended for series/parallel connection.

Compliance—with the reguirements of 8 1 to 8 14 is checked by inspection
HPHIHIGO-WHAHROFBGHHBMEHHSOBFo—110—6—14+S6H8-6KeaBY1ASPOGHOH-

For IPO0 transformers, if applicable, the test in 27.2 is not performed as the result may be
affected by the enclosure in the final application.

The instruction sheet shall state: "Screens whose connection to the earthing is necessary for
compliance with the leakage current requirements of Clause 18 shall be connected to the
earthing."

The instruction sheet shall include type and characteristic of sensor to over-temperature
monitoring, if any.
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The rated input current shall be provided as information given either on the transformer
marking or made available in the manufacturer's catalogue or similar.

8.15 Marking shall be durable and easily legible.

Compliance is checked by inspection and by rubbing the marking by hand for 15 s with a piece
of cotton cloth soaked with water and again for 15 s with a piece of cotton cloth soaked with
petroleum spirit.

The petroleum spirit fo be used for the test is aliphatic solvent hexane with an aromatic content
of P,1 % maximum, by volume, a kauributanol value of 29, initial boiling point approximately
65|°C, dry point approximately 69 °C and specific gravity of 0,68 g/cm3.

Marking made by moulding, pressing or engraving is not subjected to this test.

After all the tests of this document, the marking shall be easily legible, it shall not be possible
to femove labels easily, and they shall show no curling.

8.1|2 Portable transformers with integrated plugs complying withh EN 50075 (IEC plug
type C), shall use the symbol IEC 60417-6352:2015-10.

The instruction sheet of the plug in transformer shall contain the following information,| or
equivalent:

if the pins of the plug parts are damaged, the plug-in power supply shall be scrapped.

NOTE The countries using this type of plug\~>are mentioned under world plugs type| C
(available at http://www.iec.ch/worldplugs/typeC.htm).

Compliance with the requirements is checked by inspection.

9 | Protection against electric, shock

9.1 General

hazardous-live-parts:-and shall have no risk of an electric shock from stored charge |on

Transformers shall be énclosed and provided with adequate protection against contact with
ca}acitors.

Compliance iS.checked by inspection and by the tests of 9.2.1, 9.2.2 and 9.3.

9.2 Protection against contact with hazardous-live-parts

9.2.1 Determination of hazardous-live-parts

9.21.1 A live part is not a hazardous-live-part if it is separated from the supply by double
or reinforced insulation and the requirements of 9.2.1.2 or 9.2.1.3 are met when the
transformer is supplied at rated supply voltage.

9.2.1.2 The voltage shall not exceed 35 V AC peak or 60 V ripple free DC.
Compliance is checked by measurements carried out between any two conductive parts.

9.2.1.3 Where the voltage exceeds 35 V (peak) AC or 60 V ripple free DC, the touch-current
shall not exceed:
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e for AC: 0,7 mA (peak);
e for DC: 2,0 mA.

Compliance is checked by measuring the touch current as stated in Annex J.
In addition, when a capacitor is connected to the live parts:

9.2.1.3.1 The discharge shall not exceed 45 uC for stored voltages between 60 V and
15 kV, or

9.2.1.3.2 The energy of discharge shall not exceed 350 mJ for stored voltages exceedin
15|kV.

Compliance of 9.2.1.3.1 and 9.2.1.3.2 is checked by measurements carried out with.a loag
2 Joo Q.

9.2.2 Accessibility to hazardous-live-parts

Transformers shall be constructed to provide adequate protectionCagainst accessibility
hazardous-live-parts.

Class | and Il transformers shall be so constructed and enclosed that there is adequ
prdtection against accidental contact with hazardous-live-parts.

For class | transformers, accessible parts shall be separated from hazardous-live-parts
at least basic insulation.

C
against accessibility to basic insulation and>to conductive parts separated from hazardo
live-parts by basic insulation only. Only parts separated from hazardous-live-parts
dopble or reinforced insulation may be,accessible.

Hagardous-live-parts shall not be.accessible after removal of detachable parts except for:

e lamps having caps larger than B9 and E10;
o type D fuse-holders.

IPQO transformers shall comply with the end product standard after incorporation in the ¢
prdduct.

The insulating-properties of lacquer, enamel, paper, cotton, oxide film on conductive parts ¢

133 Il transformers shall be so constructed.and enclosed that there is adequate protecfion

g
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to
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by

LS~
by
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nd

sealing compound shall not be considered as giving the required protection against accidental

contact-with hazardous-live-parts with the exception of fully insulated winding wire (FIW

).

NOLE4 Self-hardening resins can he relied upon to give the required protection against accidental contact ¥
hazardous-live-parts.

Shafts, handles, operating levers, knobs and the like shall not be hazardous-live-parts.

Compliance is checked by inspection and by the relevant tests of IEC 60529.

vith

In addition, openings in class Il transformers, and openings in class I transformers other

than those in conductive parts connected to a protective earthing terminal, are tested with
test pin shown in Figure 3.

the
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15 0,1

A

Dimensions in millimeters

The test finger and the test pin are applied, without appreciable force;~in every possible positi

The test finger of Figure 4 is applied without appreciable force, the transformer being in ey
possible position except that transformers normally used<on the floor and having a m
eeding 40 kg are not tilted. Through openings, the test finger is applied to any depth t
finger will permit and is rotated or angled before, during and after insertion to any positi
If the opening does not allow the entry of the fingen," the force on the finger in the strai
position is increased to 20 N. If the finger then enters the opening, the test is repeated with

ex(
the

2% +0,2

(%]

IEC

Figure 2 — Test pin (see IEC 61032, test probe 13)

finger in the angled position.
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Linear dimensions in millimetres

Tolerances on dimensions without specific tolerance:
on angles: 0/-10°
on linear dimensions:

— upto 25 mm: _% 05

- over 25 mm: £ 0,2

Both joints shall permit movement in the same plane and the same direction through an angle of 90° with a 0° to
+10° tolerance.

Figure 3 — Standard test finger (see IEC 61032, test probe B)
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It shall not be possible to touch with the test finger bare hazardous-live-parts or hazardous-
live-parts protected only by lacquer, enamel, paper, cotton, oxide film or sealing compound,
with the exception of fully insulated winding wire (FIW).

There shall be no possibility to touch conductive parts of class Il transformers with the test
finger, which are separated from hazardous-live-parts only by basic insulation.

Moreover it shall not be possible to touch bare hazardous live parts with the test pin.

NOTE 2 This requirement does not apply to lamp caps or socket-outlets.

In ¢ase of doubt, an electrical contact indicator, with a voltage not less than 40 V, is used-with

a test pin.

9.2.3 Accessibility to non hazardous-live-part

Nop hazardous-live-parts of the output circuit isolated from the input circuit by doublg or
reipforced insulation may be accessible under the following conditions;

o for no-load output voltages not exceeding 35 V peak AC or\60"V ripple-free DC, bpth
poles may be accessible;

o for no-load output voltages exceeding 35 V peak A€ or 60 V ripple-free DC and hot
exceeding 250 V AC, only one of the poles may be accessible.

9.3 Protection against hazardous electrical dischatge

For transformers with a primary supply plug, thepins of the plug shall not be hazardous-live
mefasured 1 s after withdrawal of the plug.

For transformers without a primary supply/plug, the terminals provided for connecting fhe
transformer to the supply source shall notbe hazardous-live measured 5 s after disconnectjon
of the supply source.

NOTE For the purpose of this subclause;, plug connectors and appliance inlets are regarded as mains plugs.

Compliance is checked by the following test:
If the nominal capacitance across the pins does not exceed 0,1 uF, no test is conducted.

The primary supply)Switch of the transformer, if any, is in the off-position, unless it is mpre
unfavourable in the on-position.

The test shall be carried out 10 times or with a device used to switch off at the most unfavouralble
electrical;yangle of the supply voltage.

The voitage is measured between the input terminals or between the supply leads or between
the pins of the supply plug used for the connection to the supply source after 1 s or 5 s.

If the voltage exceeds 60 V ripple free DC, the discharge is measured in the same conditions
and shall not exceed 45 uC.

10 Change of input voltage setting

Transformers with more than one rated supply voltage shall be so constructed that the
voltage setting cannot be changed without the aid of a tool.

NOTE As an example, the requirement concerning the voltage setting is met if a tool is needed to remove a cover
before the voltage setting can be changed.
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Transformers which can be set to different rated supply voltages shall be so constructed that
the indication of the voltage for which the transformer is set is discernible on the transformer
when it is ready for use.

Plug connected transformers provided with a device to select the input connections (e.g. by
tappings) to adjust supply voltages within a range of not more than 10 % of the value
corresponding with the midpoint of that range, are not considered to be transformers with more
than one supply voltage.

Plug connected safety isolating transformers shall have only one rated supply voltage
uni&ss the transformer is not capable of producing an output voltage exceeding the allowed

oufput voltage limitation for safety isolating transformers if the higher marked voltagg is
comnected to the lower voltage winding.

Compliance is checked by measurement and inspection.

11| Output voltage and output current under load

111 When the transformer is connected to the rated supply valtage, at the rated supply
fregquency, and loaded with an impedance resulting in the rated output at the rated output
voltage and, for AC current, at the rated power factor, the output voltage shall not differ from
the rated value by more than:

a) | 10 % for the output voltage of inherently short-circuif'proof transformers with one rated
output voltage;

th

b) |10 % for the highest output voltage of inherently short-circuit proof transformers
more than one rated output voltage;

th

c) [15 % for the other output voltages of inherently short-circuit proof transformers \
more than one rated output voltage;

d) |5 % for the output voltages of othertransformers.

For transformers with rectifiers, the above percentage values are raised by 5.

Compliance is checked by.measuring the output voltage when steady-state conditions are
esfablished, with the transformer connected to the rated supply voltage, at the rated supply
frequency, and loaded with an impedance resulting in the rated output, at the rated output
voftage and the rated-power factor.

Fol transformers-incorporating a rectifier, the output voltage is measured at the terminalg of
the DC circuif’by means of a voltmeter giving the arithmetical mean value, unless the effeclive
value RMS(is specifically stated (see 8.1).

Fof transformers with more than one rated supply voltage, the requirement is applicable|for

eath-of the rated supply voltages-

For transformers with multiple output windings, the loads are applied to every multiple section
simultaneously, unless otherwise declared.

11.2 If a transformer is marked with the rated output, the rated output voltage, the rated
output current, and the rated power factor, these values shall be substantially in agreement
with each other.

If no rated output current is assigned to the transformer, the rated output current for the
purpose of this specification can be calculated from the rated output and the rated output
voltage.
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Compliance is checked by calculation.

12

No-load output voltage

The relevant requirements for the no-load output voltage limitation are given in IEC 61558
Part 2 for the different types of transformers.

For transformers incorporating a rectifier, the output voltages are measured at the input and
output terminals of the rectifier if they are connected to terminals or terminations. The

me
Th
ari

12
sin

12
loa

Th

ungler load measured during the test of Clause 11, expresséd, as a percentage of the la

’{¢]

Th

where

Uné-i0ad is the no-load output-voltage, expressed in V;

Uload is the no-load output voltage, expressed in V.

Compliance with the~requirements of 12.101 and 12.102 is checked by measuring the no-Iq

ou

supply voltagetatthe rated supply frequency.

13

@surement at the input terminals of the rectifier 1Is made If they are accessible 10 e U3
p output voltage is measured at the terminals of the circuit with a voltmeter giving
hmetic mean value, unless the effective value RMS is specifically stated (see 8.1);

101 The no-load output voltage (phase-to-phase voltage) shall not exceed 250 V AC
ple-phase or three-phase transformers.

102 The difference between the no-load output voltage and the output voltage un
Id shall not be excessive.

fage, shall not exceed 5 %.

b ratio is determined by Formula (1):

Uno-load ~ Uload %1 00(%)
Uload

fput voltage at'the ambient temperature when the transformer is connected to the ra

Short=circuit voltage and inrush currents

er.
fhe

for

der

b ratio between the no-load output voltage measured in Clagse"12 and the output voltage

ter

ad
fed

13

Co

1\'The short-circuit voltage shall be measured and marked on the transformer.

mpliance shall be checked by measurement.

13.2 The no-load input current shall not exceed 3 % of the rated input current at the rated
supply voltage.

This requirement shall be fulfilled by construction of the transformer without the use of any
capacitors in the transformer circuits (input/output) or in the installation.

Co

mpliance shall be checked by measurements.
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13.3 The inrush current shall not exceed 8 times the peak value of the rated input current.
However, it is allowed to increase this value to 12 times the peak value of rated input current,
if the latter value is marked on the transformer.

This requirement shall be fulfilled by construction of the transformer without the use of any
electronic devices and additional measures in the transformer or in the installation.

Compliance shall be checked by the following test:

3 . ) [ est
bply voltage is then sw:tched on and off 20 times at random mterva/s of apprOXImate/y 2( s.

The on-off switching may be carried out only twice, if a device is used to switch onaatthe mjost
unfavourable electrical angle of the supply voltage.

The voltage drop of the supply source shall not exceed 2 % as a result of theTinrush current.

The inrush current shall not exceed 8 times or 12 times the peak value of the rated input
culrent during any of the switching operations.

14| Heating

141 General requirements
1411.1 Temperature-rise test
Transformers and their supports shall not attain‘excessive temperature in normal use.

The manufacturer may choose the simulated load methods according to 14.1.2.1 or 14.1..2
insfead of the direct load method that may be applied.

NOTE 1 The simulated load methods are aeccording to IEC 60076-11:2004, 23.2.1 and 23.2.2.

Temperatures are determined-under the following conditions when steady-state is established.

The test and the measurements are made in a draught-free location having dimensions siich
that the test results arewnot influenced. If the transformer has a t, rating, the test is conducfed

at (t, * 5) °C.

NOTE 2 The heating test is carried out taking into consideration only the ¢, (and not 7, . ).
Portable~transformers are placed on a dull black painted plywood support. Stationary
trapnsformers are mounted as in normal use, on a dull black painted plywood support. The
support is approximately 20 mm thick, and has dimensions which are at least 200 mm in excess
of those of the orthogonal projection of the specimen on the support.

Transformers which are provided with integral pins intended to be introduced into fixed socket-
outlets are tested in a flush-mounted socket-outlet mounted in a box on a dull black painted
plywood support as indicated in Figure 2.

Flush type transformers are tested as described in 5.10.
Transformers with a protection index other than IPOQ are tested in their enclosure.

Transformers with a protection index IP0O0, the application of which is not known, are tested
as described in 5.13
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NOTE 3 In the case of transformers with a protection index IP00, the temperature of the support is measured, but
the values given in Table 2 and Table 5 are not considered.

Transformers with terminals for type X attachment with a specially prepared cord and for
type Y and type Z attachments shall have the connections subjected to a pull of 5 N
immediately before the heating test is carried out.

Transformers are supplied at the rated supply voltage and loaded with impedance producing
the rated output, at the rated output voltage and, for AC current, at the rated power factor.
The value of the output current is measured when steady-state is established. Then the supply
voltage is increased by 10 % and the output current is adjusted to the same value measured
before. The output current is not adjusted for independent transformer. After this no change
is made in the circuit. The test is repeated under no-load condition if this is a more unfavourable
sityation.

Aspkociated transformers are operated under the conditions occurring when theappliancg or
otHer equipment is operated under the conditions of normal use as indicated.in the releviant
specifications. Transformers with intermittent ratings shall be tested at the 'intermittent ratinjgs,
until steady-state conditions are established.

The temperatures of windings are determined by the change of resistance method.

NOTE 4 One of the methods consists of measuring each winding separately) and of determining the resistancg of
winglings at the end of the test by taking resistance measurements, as sQon_as possible after switching off, and then
at short intervals, so that a curve of resistance against time can be plotted to ascertain the resistance at the insfant
of switching off.

The value of the temperature rise of a winding is calculated with Formula (1):

A (R2—R1)
R

(x+11)—(t2—11) ()

—

Alternative calculation of the maximumitemperature in reference to the ambient temperature is
calculated with Formulae (2) and (3):

T=t, +@(X+t1)_az_t1) B)

1

or T=t, +At B)

where
x =| 234,5\fer copper;

x =| 2256.for aluminium;

At Hs-thetemperature+ise—above+>S6
R, s the resistance at the beginning of the test, at temperature t;

R, is the resistance at the end of the test, when steady conditions have been established;
t1 is the ambient temperature at the beginning of the test;

t, is the ambient temperature at the end of the test;

is the ambient temperature;

T is the maximum temperature.

At the beginning of the test, the windings shall be at ambient temperature.
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When determining the temperature of the windings, the ambient temperature is measured at
such a distance from the specimen so as not to influence the temperature reading. At this point,
the ambient temperature shall not vary by more than 10 °C during the test. For t, transformers

the test temperature equals At + ¢,.

For transformers with more than one input or output winding, or a tapped input or output
winding, the results to be considered are those showing the highest temperature.

Transformers with a wmd/ng resistance less than 50 mQ can also be measured by thermocouples

Other temperatures are determined by means of thermocouples so chosen and positioned that
they have the minimum effect on the temperature of the part under test.

Thermocouples used for determining the temperature of the surface of supports are attached
to the back of small blackened discs of copper or brass 1 mm thickcand 15 mm in diamater
which are flush with the surface.

The temperature of electrical insulation (other than that of .windings) is determined on fhe
sufface of the insulation at places where failure could establisha contact between hazardolus-
live-parts and accessible conductive parts, or a reduction of creepage distances| or
clearances below the values specified in Clause 26. In addition, thermocouples shall be pla¢ged
at the hottest points of the insulating material to avoid<a risk of fire.

During the test, the temperature shall not exceed the values shown in Table 2 when fhe
transformer is operated at its rated ambient'temperature (25 °C or t,). In those cases where

the temperature in the test area differs fram”’the rated ambient temperature, this differepce
shall be taken into account when applying*the limits in Table 2 and when establishing the fest
temperatures in 27.2 and 27.5.

14]1.2 Alternative temperature-rise test
1411.2.1 Simulated load-‘method
ith

-

This method is applicable for an enclosed or non-enclosed or totally enclosed dry type unit v
nalural air or forced-air'cooling.

Tefnperature rise-is established by combining the short-circuited test (load loss) and the open
cir¢uit test (ne=load loss).

The temperature of the transformer shall be stabilized with that of the test laborafpry
envirenhment. The resistance of the primary and secondary windings shall be measured, th¢se

valaes VVl.l’l’ bb‘ UDUU’ ao IUfUIUHbU le’ub‘b fUI tILlU bdl’bul’dt!‘u” Uf tlLIU tb‘lllpc'ldtulb‘ II.DU Uf tl’lb' wo
windings. The ambient temperature of the test laboratory shall also be measured and registered.

For three-phase transformers, the resistance measurements shall be made between the
central and an outer phase line terminals.

The location of the measuring points (that is, the ambient temperature thermometers and
sensors on the transformer, if any), shall be the same for the reference and final
measurements.

The winding short-circuited test shall be performed with rated current flowing in one winding
and the other winding short-circuited and shall continue until the steady-state condition of the
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windings and magnetic core are reached. The winding temperature rise, 460, shall be
established by the rise in resistance method or by superposition.

The open-circuit test, at rated voltage and rated frequency, shall be continued until steady-
state condition of the winding and magnetic core is obtained, individual winding temperature
rises, 46, shall then be measured.

The test procedure shall be either:

— the winding short-circuited test carried out until stabilisation of the core and the windjng
temperature. Subsequently, an open-circuit test shall be carried out until stabilisation_of fhe
core and winding temperature is reached.

or

— |the open-circuit test carried out until stabilisation of the core and the winding temperatyre.
Subsequently, the winding short-circuited test shall be carried out until.Stabilisation of fhe
core and winding temperature is reached.

The total winding temperature rise, A0’ of each winding, with rated Gurrent in the winding gnd
normal excitation of the core, is calculated with Formula (4):

AQ yk1 &}
AG =A0O |1+ ¢

c
where

40]. is the total winding temperature rise;

4604 is the winding temperature rise at thie short-circuited test;

A6}, is the individual winding temperature rise at the open-circuited test;

KI1|= 0,8 for natural air cooling and 0,9 for forced air cooling.
14]1.2.2 Back-to-back method

This method is appropriate when there are two similar transformers and the necessary fest
equipment is available:\lt is applicable for enclosed or non-enclosed dry-type units with natyral
air|or forced air cooling.

The temperature of the transformer shall be stabilised with that of the test laboratpry
environment)“The resistance of the high voltage and low voltage windings shall be measured,
these values will be used as reference values for the calculation of the temperature rise of fthe
two windings. The ambient temperature of the test laboratory shall also be measured and
registered.

The location of the measuring points shall be the same for the reference and final
measurements.

Two transformers, one of which is the transformer under test, are connected in parallel, and
preferably the inner windings are excited at the rated voltage of the transformer under test. By
means of different voltage ratios or an injected voltage, the rated current is made to flow in the
transformer under test until stabilisation of the core and winding temperatures. See Figure 5
and Figure 6.

The duration of the test may be reduced by exciting the core for a period of time (preferably not
less than 12 h) prior to the application of test current to the windings.
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IEC

Key
F Voltage source at rated frequency for no-load losses
B F Source for rated current at rated frequency for load losses

= Booster transformer

Figure 4 — Example of back-to-backymethod — Single phase

B IEC

Key
A = Voltage source at rated frequency for no-load losses
B = Source for rated current at rated frequency for load losses

C = Booster transformer

Figure 5 — Example of back-to-back method — Three phase
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1.3 Determination of steady-state conditions

The ultimate temperature rise is reached when the temperature rise becomes constant; this is
considered to have been achieved when the temperature rise does not vary by more than 1 K
per hour.

For the purpose of determining when steady-state conditions have been achieved,

thermocouples shall be applied to the following surfaces:

— For all types of transformers defined in Clause 3: centre of top yoke and as close as
lnrnr\fir‘nhln to the innermost M/inrﬁng at the top of the |/|/inrling’ the measurement hning on
the centre leg of a three-phase transformer.

Table 102 — Values of maximum temperatures in normal use
Parts? Temperagture
°C

Windings, if the insulation system (i.e. bobbins and any other insulating materials that are in contact

with the winding) is:

— ofclass AP 100

— ofclass E® 115

— ofclass B ® 120

— ofclass FP 140

— ofclass H® 165

— of ofher classes ° -

Externpl enclosures @f (which can be touched with the standard testfinger) of stationary

transfprmers, if of:

— barg metal 65

— metal covered by lac or varnish 70

— othgr material 80

Externpl enclosures ¢f (which cannot be touched with the’standard test finger) of stationary 85

transfprmers

Externpl enclosures ¢f, handles and the like of portable transformers:

— if, i normal use, these parts are continuouslysheld (for example for hand held transformers):

+ of metal 48

+ of other material 48

— if, i normal use, these parts are notccontinuously held:

+ of metal 60

+ of other material 80

Terminals for external conductors and terminals of switches 70

Insulatipn of internal and extefnal wiring ©:

— of rybber 65
+ of polyvinyl chieride 70
Parfs the deterioration of which could affect safety ©:

— of rdbber (othersthan insulation of wiring) 75
«  bf phénolformaldehyde 105
* pfureaformaldehyde 85
+ of impregnated paper and fabric 85
« of impregnated wood 85
» of polyvinyl chloride (other than insulation of wiring), polystyrene and similar thermo-plastic 65
material

75

of varnished cambric
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Parts? Temperature
°C
Supports 85
Printed boards ©:
— bonded with phenol-formaldehyde, melamine-formaldehyde, phenol-furfural 105
or polyester
* bonded with epoxy 140

2 |If other materials are used, they shall not be exposed to temperatures in excess of those which have been proved
permissible for these materials.

b The classification is in accordance with IEC 60085 and IEC 60216 (all parts); however, the values have been adjusted
to f — - =

bystem
shgll withstand the test of 14.3.

4 If gy component is part of the external surface of the transformer, the temperature of that component $hall not ¢xceed
the| value specified for the appropriate external enclosure.

¢ Th¢ grades of rubber and polyvinyl chloride insulation are those covered by IEC 60245 (all parts) and IEC 60427 (all
paifts), respectively.

fIf the surface temperature limit of accessible parts exceeds the required values the warning symbol IEC 6041[-5041
(20102-10) shall be used.

An|explanation of the appropriate hot-spot reduction for the maximum winding temperature ¢an
be [found in Table 3 for each insulation classification according_to IEC 60085.

Table 103 — Explanation of the maximum winding temperatures required in Table 2

Insulation classification Maximum temperatures Hot spot reduction Maximum final
agcording to IEC 60085 of Table 2 temperature according
to IEC 60085
°C K °C

Class A 100 5 105

Class E 115 5 120

Class B 120 10 130

Class F 140 15 155

Class H 165 15 180
THe measuring of the winding temperature is based on the resistance method. So the measured values are mepn
values of the windings temperature. To cover also the peak values inside the winding, the hot spot reductionl|is
negcessary.

The temperature rise on the heating elements of protective devices touching insulating mateyial
shall also*be’measured.

Immediately after the test, the specimen shall withstand a dielectric strength test as specifjed
in 18.3, the values are specified in Table T4 and the test voltage being applied between input
and output circuits only.

During and after the test, the electrical connections shall not be loose, creepage distances
and clearances shall not be reduced to less than the values specified in Clause 26, sealing
compound shall not melt, and overload protective devices shall not operate.

NOTE According to IEC 60038 the nominal voltage tolerance of + 10 % is also applicable for an AC voltage value
up to 1 000 V and a DC voltage value up to 1 415 V.

14.2 Application of 14.1 or 14.3 according to the insulation system

The following apply to the windings.
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If the manufacturer has stated which class of insulation system has been used, the

measured temperature of the winding shall not exceed the relevant value given in Table 2
(considering t, if stated).

14.

2.2

If the manufacturer has not stated which class of insulation system has been used the

measured temperature of the winding shall not exceed the value given in Table 2 for class A
insulation system (considering t, if stated).

14.

14
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2.3

e next highest value to the calculated temperature value.

3 Accelerated ageing test for undeclared class of insulation system
3.1 General

en applicable (see 14.2, 19.12.3 and 26.3), the live parts of'the transformer (core 4
dings) are subjected to the following ageing test, each cycle consisting of a heat n
ration, and a moisture treatment. Measurements are madelaccording to 14.3.5.

b number of specimens is as indicated in 5.2. The specitnens are subjected to 10 test cyc

3.2 Heat run

bending on the type of insulation system, the.specimens are kept in a heating cabinet for
nbinations of time and temperature recommended by the manufacturer in accordance v
ble 4. The 10 cycles are carried out withi\the same combination.

b temperature in the heating cabinet is maintained within a tolerance of £+ 3 °C.

Table 104 — Test'temperature and testing time (in days) per cycle

If the manufacturer has not stated which class of insulation system has been used and
S . X s A

ing
e 4

the
ith

Test temperature Testing time for the thermal class
oc of the insulation system
(days)
100 °C 115 °C 120 °C 140 °C 165 °Q

220 4

210 7

200 14

190 4

180 7

170 14

160 4

150 4 7

140 7

130 4

120 7
Corresponding classification according to A E B F H
IEC 60085 and IEC 60216 (all parts)
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After the heat tests, the specimens are allowed to cool down to ambient temperature before the
vibration is conducted.

14.

3.3 Vibration

Specimens are fastened in their normal position of use to the vibration generator, as specified
in IEC 60068-2-6 by means of straps round the enclosure. The direction of vibration is vertical,
and the severity is:

duration: 30 min;

14
Th

14

All
ea

Du
win
bel

amplitude: 0,35 mmi,
frequency range: 10 Hz, 565 Hz, 10 Hz;

sweep rate: approximately one octave per minute.
3.4 Moisture treatment

p specimens are subjected for two days (48 h) to a moisture treatment according to 17.2

3.5 Measurements

the following measurements and tests are made and conducted before the cycling and a
th complete cycle:

the no-load input current or its ohmic value.

The no-load input current or the ohmic component of the no-load input current shall not|
more than 30 % greater than the corresponding value obtained during the in
measurement;.

the insulation resistance is measured according to 18.1 and 18.2;

are reduced to 35 % of the specified values and the testing time is doubled;

the following test only for transformers with a rated supply frequency of 50 Hz or 60
After the dielectric strength test,~one input circuit is supplied by a test voltage of at le
1,2 times the rated supply voltage at double the rated supply frequency for 5 min.
load is connected to the-‘transformer. During the test, polyfilar windings, if any,
connected in series. A higher test frequency than the double supply frequency may be us
the duration of the period of connection, in minutes, being equal to 10 times the ra
supply frequency divided by the test frequency, but not less than 2 min.

ring the above(tests, there shall be no breakdown of the insulation between the turns d
ding, betweén input and output circuits, between adjacent input or output circuits,
ween thewindings and any conductive core.

If,

co:Izsidered as not having complied with the accelerated ageing test.

after the completion of all 10 cycles, one or more specimens fail, the transformer

fter

be
tial

a dielectric strength test according to 18-3-and 18.4. However, the values of the test voltages

Hz.
ast
No
are
ed;
ted

fa
or

is

14.

15

15.
15.

101 Immediately after the test in accordance with 14.1 an additional heating test is required
with 150 % of the load for 30 min. After the test the temperature shall not exceed the values of
Table 2 increased by 25 %.

Short-circuit and overload protection

1 General requirements

1.1  Short circuit and overload test method

Transformers shall be non-short-circuit proof transformers.
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Compliance is checked by inspection and by the following tests, which are carried out
immediately after the test according to 14.1 at the same ambient temperature, and without
changing the position of the transformer, at 1,1 times the rated supply voltage, or, for non-
inherently short-circuit proof transformers, at any value of the supply voltage between
0,9 times and 1,1 times the rated supply voltage:

for inherently short-circuit proof transformers, by the tests of 15.2;

for non-inherently short-circuit proof transformers, by the tests of 15.3;

for non-short-circuit proof transformers, by the tests of 15.4;

— |for transformers combined with a rectifier, the tests of 15.2 or 15.3 are carried out twice,
once with the short circuit applied on the input terminals of the rectifier, and agaifi-with fhe
short circuit applied on the output terminals of the rectifier;

— |for transformers with more than one output winding or a tapped output. winding, the
results to be considered are those showing the highest temperature. In the’ first case,|all
windings intended to be loaded at the same time are loaded at the rated-output and then
the selected output winding is short-circuited.

Fof the tests of 15.2, 15.3 and 15.4, the temperatures shall not exceed.the values given in Taple
5 when the transformer is operated at its rated ambient temperature (25 °C or t,). In fhe

cases where the temperature in the test area differs from the rated ambient temperature, this
difference shall be taken into account when applying the limits in Table 5.
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Table 105 — Maximum values of temperatures under short-circuit
or overload conditions

Insulation classification A ‘ E | B | F | H
Maximum temperature
°C

Winding protected inherently
Subclause 15.2 150 165 175 190 210
Winding protected by protective device:
a) Subclauses 15.3.2 — 15.3.3 - 15.3.4

- during the time required or the time T given in Table 6 @ 200 215 225 240 26(
b) Subclause 15.3.1

- during the first hour, peak value 200 215 225 240 26(

- after the first hour, peak value 175 190 200 215 234

- after the first hour, arithmetic mean value b 150 165 175 190 21(
c) Subclause 15.3.5 175 190 200 215 234
External enclosures (which can be touched with the standard 105
tedt finger)
Rubber insulation of wiring 85
PVC insulation of wiring 85
Supports (i.e. any area on the pine plywood surface covered 105
by|the transformer)

2 | The maximum temperature to be considered is the maximtm temperature reached during and after the test due
to the thermal inertia of the transformer.

The arithmetic mean value is determined as follows;

The graph of temperature versus time, while the*power to the transformer is cycling on and off, is plotted [for
a period of test under consideration. The arithmetic average temperature (za) is determined by Formula (5):

In= (tmax + tmin)/2 5)
where
max is the average of the maxima;
tmin IS the average of the minima.

O A

)

} Maxima

} Minima

IEC

During the test, the transformer shall not emit flames, molten metal, poisonous or ignitable gas
in hazardous amounts, and temperatures shall not exceed the values shown in Table 5.

During and after all the tests, the transformer shall comply with Clause 9.

After the tests, the insulation system, when it has cooled down to approximately ambient
temperature, shall withstand the dielectric strength test in 18.3.
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NOTE The humidity treatment of 17.2 is not applied before this dielectric strength test.
15.1.2 Alternative short circuit and overload test method

The manufacturer may choose to apply any of the following methods described in 14.1.2.1 and
14.1.2.2. These test procedures are according to IEC 60076-11:2004, 23.2.1 and 23.2.2.

15.2 Inherently short-circuit proof transformers

Inherently short-circuit proof transformers are tested by short-circuiting the output
windings until steady-state conditions are reached.

153 Non-inherently short-circuit proof transformers

Nopn-inherently short-circuit proof transformers are tested as follows:

15J3.1 The output terminals are short-circuited. The incorporated overload protective deice
shall operate before the temperature exceeds the values shown in Table 5 for any value of the
supply voltage between 0,9 times and 1,1 times the rated supply voltage

15{3.2 If protected by a fuse in accordance with either IEC 60269-2 or |IEC 60269-3, or a
technically equivalent fuse, the transformer is loaded for a time7 and with a current equa| to
k times the current marked on the transformer as the rated current of the protective fuse-link,
where k£ and T have the values shown in Table 6. The currentin the fuse shall be kept constant
during the test. The fuse-link is replaced by a link of negligible impedance.

Table 106 — Values of Fand k for fuses

Values marked as rated current 7| T k
of protective fuse-link for gG and gTr h
A
I,s4 1 2,1
4<1 <16 1 1,9
16 < I = 63 1 1,6
63-<% < 160 2 1,6
160 < 7, =< 200 3 1,6
200 </, <1000 2 1,5
NQTE 1 For cylindrical fuses gG type B for use by unskilled persons according to IEC 60269-3:2010, and {or
fuges for use by authorised persons with fuse-links for bolted connections according to IEC 60269-2:2013, the
value of k is/1y6.for 7, < 16 A.
NOTE 2 jFor D-type fuses for use by unskilled persons according to IEC 60269-3:2010 for a rated current of 16
A,|the/value of kis 1,9.

15.3.3 If protected by miniature fuses in accordance with IEC 60127 (all parts), or by road
vehicle blade type electric fuse-links according to ISO 8820 (all parts), or by a technically
equivalent fuse, the transformer is loaded for a period corresponding to the longest pre-arcing
time with the relevant current as specified in the appropriate standard sheet. The current in the
fuse shall be kept constant during the test. The fuse-link is replaced by a link of negligible
impedance.

NOTE A technically equivalent fuse is a fuse-link having the same time-current characteristics as one of those
indicated in IEC 60127 (all parts) or in ISO 8820 (all parts).
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If the transformer is protected by miniature fuses in accordance to IEC 60127 (all parts), an
additional overload test shall be performed at 1,5 times the rated fuse current until steady-state
condition.

15.3.4 If protected by a circuit-breaker in accordance with IEC 60898 (all parts), or a
technically equivalent circuit-breaker, the transformer is loaded for the time indicated in
IEC 60898 (all parts) with a current equal to 1,45 times the value of the rated current of the
circuit-breaker. The current in the fuse shall be kept constant during the test. The circuit breaker
is replaced by a link of negligible impedance.

15]3.5 If protected by:

— |an overload protective device other than a fuse according to IEC 60127 (all {parts)| or
IEC 60269 (all parts), or a circuit-breaker or

— |an intentional weak part

the transformer is loaded by a current equal to 0,95 times the value of the lewest current which
calses the protective device to operate, until steady-state conditions are\reached. The lowest
cufrent causing the protective device to operate is determined by-initially operating fhe
trahsformer at 100 % of the rated output, and gradually increasing the output current in stg¢ps
of P %, (each step is maintained until steady-state condition is_aehieved) until the proteclive
deyice operates.

If the protective device is an intentional weak part, the. above test is repeated on two rlew
samples. During the test on the first sample, the weak part shall operate in the same manner
andl place as above. During the test on the second sample, the temperatures shall not exceed
thg values in Table 5 in the steady-state condition

1514 Non-short-circuit proof transformers

Non-short-circuit proof transformers are tested as indicated in 15.3 with the appropriate
prdtective device specified by the manufacturer installed in the relevant input or output circyit.

As$ociated non-short-circuit proof transformers are tested under the most unfavouraple
conditions of normal use withthe appropriate protective device specified by the manufactyrer
insfalled in the input or output circuit, and in the most unfavourable load conditions for the
type of equipment or circuit’for which the transformer is designed. Examples of unfavouraple
load conditions are: continuous, short-time, or intermittent functioning.

The overload shallybe monitored by an overload current and over-temperature monitoning
wafning system.

NOTE 1 Forinformation about monitoring of overload and over-temperature of isolating transformers for medjcal
IT gystem see Annex B of IEC 61557-8:2014.

NOTE.2/ In some countries a circuit breaker is allowed by national installation rules.

NOTE 3 In Spain, monitoring of overload and over-temperature is not required.

15.5 Fail-safe transformers

15.5.1 Three additional new specimens are used only for the following test.
During this test when the transformer fails, the interruption shall be in the input circuit.

Each of the three specimens is mounted as in normal use on a 20 mm thick dull black painted
plywood surface and heated in accordance with 14.1 until the temperatures stabilise. Each
transformer is then operated at 1,1 times the rated input voltage, the output winding which
produced the highest temperature during the test of 14.1 being initially loaded with 1,5 times
the rated output current (or, if this is not possible, the maximum value of the output current
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obtainable) until steady-state conditions are reached, or the transformer fails (whichever
occurs first).

If the transformer fails, it shall comply, during and after the tests, with the criteria given
in 15.5.2.

If the transformer does not fail, the time to reach steady-state conditions is noted, and the
chosen output winding is then short-circuited. The test is continued until the transformer fails.
For this part of the test, each specimen shall fail within the time duration being no longer than
the time necessary to reach steady-state conditions, but not exceeding 5 h.

The transformer shall fail safely and comply, during and after the tests, with criteria-given
in 15.5.2.

15J5.2 At any time during the tests of 15.5.1:
— |the temperature of any part of the enclosure of the transformer which ¢an be touched with
the standard test finger Figure 4 shall not exceed 175 °C;

— |the temperature of the plywood support shall nowhere exceed 125+°C;
— |the transformer shall not emit flames, molten material, glowing. particles, or burning drops
of insulating material.

After the tests of 15.5.1, and after cooling down to ambient\temperature:

— |the transformer shall withstand a dielectric strength test, the test voltage being 35 % of fhe
values according to Clause 18, Table 14. The-test is made input-to-body for all kindg of
transformers and, in addition, input-to-output for safety isolating, isolating gnd
separating transformers;

— |enclosures, if any, shall have no holes allowing the standard test finger (Figure 4) to totich
hazardous-live-parts. In case of doubt;, contact with hazardous-live-parts is detected| by
means of an electrical contact indicator, the voltage being not less than 40 V.
If the transformer fails any part of this subclause, the transformer is considered as hot
complying with the above test,

16| Mechanical strength

161 General

Transformerssshall have adequate mechanical strength, and be so constructed as to withstgnd
roygh handling-as may be expected in normal use.

Compliance is checked by the tests of 16.2 for stationary transformers and by the testg of
16)2,:46.3 and 16.4, as appropriate, for portable transformers.

After the tests, the transformer shall show no damage in accordance with the requirements of
this document. In particular, hazardous-live-parts shall not become accessible, when checked
as described in 9.2.2. Insulating barriers shall not be damaged, and handles, levers, knobs and
the like shall not move on their shafts.

NOTE 1 Damage to the finish, small dents which do not reduce creepage distances or clearances below the
values specified in Clause 26, and small chips which do not adversely affect the protection against electric shock or
moisture, are ignored.

NOTE 2 Cracks not visible with normal vision or corrected vision without magnification, and surface cracks in fibre
reinforced mouldings and the like are ignored.

In addition, in regard to the test of 16.4, bending of the pins during the test is ignored.
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16.2 Stationary transformers

The transformer, with covers and the like fitted, is held firmly against a rigid support and is
subjected to three blows from a spring-operated impact hammer according to test Ehb of
IEC 60068-2-75 with an energy of (0,5 £ 0,05) J applied to every point of the exterior that
protects hazardous-live-parts and is likely to be weak, including handles, levers, switch knobs
and the like, by pressing the hammer nose perpendicularly to the surface. Before applying the
blows, the fixing screws of bases and covers are tightened with a torque equal to two-thirds of
that specified in Table 18.

If there+s-a-doubtasto-whethera-defecthasoccurred-by-theapplicationofthe-precedirg-blews
thg defect is neglected, and the group of three blows is applied to the same place on a\lew
sample which shall then withstand the test.

Palts of IPOO transformers, which are not accessible when the transformer is mounted in|an
appliance or other equipment, are not subjected to the test.

163 Portable transformers (except portable transformers with integral pins for
introduction in socket-outlet in the fixed wiring)

Portable transformers except those portable transformers withvintegral pins for introducfion
in $ocket-outlets of the fixed wiring are held in their normal positiot of use, and are then allowed
to fall from a height of 25 mm onto a smooth steel plate at least 5 mm thick, placed on a flat
concrete support. One hundred falls are carried out at a rate‘niot exceeding one fall per 5 s.

The height shall be measured from the part of the specimen nearest to the test surface when
the specimen is suspended prior to letting it fall.

The method of releasing the specimen shall be’such as to allow free fall from the position of
sugpension with a minimum of disturbance at’the moment of release.

If the transformer is provided with fixed' external flexible cable(s) or cord(s), they are cuf to
a lgength of 100 mm.

16}4 Portable transformers-provided with integral pins for introduction in socket-
outlets of the fixed-wiring

16)4.1 General requirements

Portable transformers with integral pins for introduction into fixed socket-outlets shall have
adéquate mechanical strength.

Plug in power supply units with integral main plug complying with IEC TR 60083, without plligs
complying with EN 50075 (IEC plug type C) shall be tested according 16.4.1.

PI + 1 ++ HE Y - | H 1 | N il AL CONTZ0 (1 1 4
Y T PpUWTT SUPPTY UTTIitS WILTT TITteyrar miaitt Ppiay CUTTTPTY Iy Witlh iIN JUUT I (TELU PIuy typcoc ),

shall be tested according 16.4.2, if no additional national standard or regulation for a plug
complying with [IEC TR 60083 is required.

NOTE 1 The countries wusing this type of plug are mentioned under world plugs type C
(available at http://www.iec.ch/worldplugs/typeC.htm).

Compliance is checked by carrying out the tests a), b) and c). The test a) is carried out on three
specimens that all shall withstand the tests. Both the test of b) and c) shall be carried out on a
new specimen.

a) The test is carried out in a tumbling barrel as described in IEC 60068-2-31. If the
transformer is provided with fixed external cord(s) they are cut to a length of 100 mm. Each
specimen is tested individually.
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The barrel is turned at a rate of five revolutions per minute, 10 falls per minute thus taking
place, the number of falls being:

— 50 if the mass of the specimen does not exceed 250 g;
— 25 if the mass of the specimen exceeds 250 g.

After the test, the specimen shall show no damage within the meaning of this document, but
it need not be operable.

Small pieces may brake off, provided that the protection against electric shock is not
affected.

IaY rhion nina and dopaa~n £ +h £ h _opd nmn’ll daontc do—not o

Distortion—of—pirs—and—damage—to—the—finish—and—smal—denrts—which—do—nrot—redtHee—the
4 Y

creepage distances or clearances below the values specified in 27.1 of IEC 60884-1:2002,

IEC 60884-1:2002/AMD1:2006 and IEC 60884-1:2002/AMD2:2013 are neglected.

The pins shall not turn when a torque of 0,4 Nm is applied, first in one directiohn,for 1 min
and then in the opposite direction for 1 min.

NOTE 2 This test is not carried out when rotation of the pins does not impair the safety;yin the sense of this
document.

A pull force as given in Table 7 is applied without jerks for 1 min on.each pin, in turn, and
in the direction of the longitudinal axis of the pin.

b pull force is applied within a heating cabinet at a temperature of (70 + 2) °C, 1 h after the
ice has been placed in the heating cabinet.

Table 107 — Pull force on,pins

Rating of the equivalent plug type Number of poles Pull force
N
Up| to and including 10 A 130/250 V 2 40
3 50
Abpve 10 A up to and including 16 A 130/250 V 2 50
5 54
Abpve 10 A up to and including 16 A 440 V 3 54
More than 3 70
Fof the purpose of this.test, protective earthing contacts, irrespective of their number, are

considered as one pole.

Aft
dis

16

er the test, and-after the device has cooled down to ambient temperature, no pin shall|be
placed in the:-body of the device by more than 1 mm.

4.2 ‘Portable transformers provided with integral pins according to EN 50075 (IEC
plug type C) for introduction in socket-outlets of the fixed wiring

Portable transformers with integral pins for introduction into fixed socket-outlets shall have
adequate mechanical strength.

Compliance is checked by carrying out the tests a), and b). The test are carried out on three
specimens that all shall withstand the tests.

a)

The test is carried in a tumbling barrel as described in IEC 60068-2-31. If the transformer
is provided with fixed external cord(s) they are cut to a length of 100 mm. Each specimen
is tested individually.

The barrel is turned at a rate of five revolutions per minute, 10 falls per minute thus taking
place, the number of falls being:

— 1000 if the mass of the specimen does not exceed 100 g;
— 500 if the mass of the specimen exceeds 100 g but does not exceed 200 g
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b)

NO

16

16

An
Ta
Ta

— 100 if the mass of the specimen exceeds 200 g
After the test the following requirements shall be fulfilled:

1) The specimen shall show no damage within the meaning of this document, but it need

not be operable.

2) Small pieces may break off, provided that the protection against electric shock is not

affected.
3) A pin of the plug shall not break
4) Distortion of pins and damage to the finish and small dents are neglected.

which have been in the tumbeling barrel test. For the pull test, the pins, if distorted, s
be accurate into the vertical possition. The pin shall not break.

The pull force is applied within a heating cabinet at a temperature of (70+\2) °C,
after the device has been placed in the heating cabinet. After the test,and after
device has cooled down to ambient temperature, no pin shall be displacéd in the b
of the device by more than 1 mm.

The torque test shall be done with new samples. The pins shall ngt turn when a torqug

[E This test is not carried out when rotation of the pins does not impair the Safety, in the sense of this docum

5 Additional requirements for transformers to be uséd-in vehicles and railway
applications

5.1 Transformers to be used in vehicles and railway applications

additional test according IEC 61373 shall be“performed with conditions of Table 8 4§
ble 9 and the frequency values depending.on the weight of the specimen are defineg
ble 10

Table 108 — Conditions for vibration testing (random)

5) The pulltest according to [EC 60884-1:2002, 24.10 shall be done with the same samples

all

1 h
the
bay

of

0,4 Nm is applied, first in one direction for 1 min and then in the opposite direction for 1 npin.

ent.

nd

RMS value
Directions Testing-duration Frequency range
m/s?
X-Y-Z 5h per axis 5,72 Figure 7

Table 109 — Amplitude spectrum density ASD values for accelerated life testing

ASD value
Directions
(m/s2)2/Hz

X-Y-Z 0,964
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Tolerance range + 3 dB

-6 dB / octave

Standard value \

Lower limit value

—

20

S Frequency (Hz)
(logaritimic graduation)
IEC

Figure 6 — Amplitude spectrum density forrandom testing

Table 110 — Frequency values depending o6n the weight of the specimen

Frequency values

For a mass < 500 kg f1 £'5Hz f> =150 Hz

Fof a mass > 500 kg and < 1 250 kg f1=1250x2H f2:1250x60Hz

mass mass

For a mass > 1 250 kg fi=2Hz f> = 60 Hz
16J5.2 Test requirements.for the transportation of transformers
Shpck and vibration testing requirements for transformers subjected to while being transporfed
pef IEC 60721-3-2 with conditions according to Table 11 and Figure 8.

Table 111 — Excitation values for vibration testing

Type ofwibration Unit Values
mm 8.5
Swept sine m/s? 10 15
Hz 2to9 9 to 200 200 to 500
(m/s?)?/Hz 1 0,3
Random
Hz 10 to 200 200 to 2 000
Type | m/s? 100
Shock
Type Il m/s? 300
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ASD ((m/s2)2/Hz)
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Figure 7 — Normalised specfrum of shock
Protection against harmful ingress of\dust, solid objects and moisture

1 Degrees of protection provided by enclosures (IP code)

1.1 General requirements

sol
nu

NO

NO

Co
the
col
ha

d objects and moisture in accordance with the classification of the transformer and the

[E 1 An explanation ef.the IP code system is given in Annex Q.

[E 2 The degree(ofjprotection IP00 is not covered by Clause 17.

mpliance js_ checked by the appropriate test specified in 17.1.2, and for other IP ratings

nply _with the relevant requirements of IEC 60529 where the test probe shall not tot
rardous-live-parts and hazardous moving parts.

ber marked on the transformer, except IP1X which shall be marked and tested as 1P0(.

b enclosure of a transformer<shall provide the degree of protection against ingress of dyst,

IP

by

appropriate test specified in IEC 60529. If additional letters are used, the transformers shall

ych

Before the test of second characteristic numeral, with the exception of IPX8 and higher, the
transformer shall be switched on under the rated output conditions and brought to a stable
operating temperature at the rated voltage.

The water for the test shall be at a temperature of (15 £ 10) °C.

Transformers shall be mounted and wired as in normal use with, where relevant, a suitable

plu

g inserted in the output circuit.

Transformers not provided with an external flexible cable or cord, are fitted with external
wiring, as specified in Clause 22, using the most unfavourable type and cross-sectional area.
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For tests of 17.1.2 A to J, a fixed transformer intended for mounting with its body in contact
with a surface shall be tested on a board equal in overall size to the projection of the
transformer, if not otherwise specified.

Transformers with enclosure having provisions for draining water by means of drain holes shall
be mounted with the lowest drain hole open unless otherwise specified in the manufacturer's

ins

tallation instructions. Ventilation openings are left open during the test.

Portable transformers wired as in normal use, shall be placed in the most unfavourable
position of normal use.

Gla
the

Aft
Spé

a)

b)

c)

d)

f)

9)
17

nds, if any, shall be tightened with a torque equal to two-thirds of that applied to gland:
test of 25.6.

er completion of the tests, the transformer shall withstand the dielectric-strength t
bcified in 18.3 and inspection shall show:

probe according to the test described in 17.1.2, items A 1), B 1),and C 1). The test fin
may penetrate but the stop face (@ 50 x 20 mm) shall not pass through the openings for
number 2 of the first characteristic numeral

no entry into the transformer enclosure by the relevant(test probe for solid-object-pn

satisfactory if the full diameter of the probe does not pass through any openings;

no deposit of talcum powder inside enclosures for{dust-proof transformers, so that, if
powder were conductive, the insulation would failNN6 meet the requirements of this docum|
(test described in 17.1.2, item C 2);

no deposit of talcum powder inside enclosures for dust-tight transformers (test descril
in 17.1.2, item C 2);

where it could become a hazard.for the user or surroundings, for example where it co|
reduce the creepage distances-below the values specified in Clause 26;

no accumulation of water inside the enclosures of drip-proof, spray-proof, splash-proof 4§
jet-proof transformers, which may impair safety;

no water or trace of water entered inside the enclosure of a watertight transformer.

1.2 Tests on transformers with enclosure
Solid-object-proof transformers (first characteristic IP numeral 2) shall be tested as follo

1) with the standard test finger specified in IEC 60529 applied with a force of 10 N, wit|
relative tolerance of 10 % and the test pin specified in Figure 3 according to
requirements of Clause 9 and 26.2;

2)¢ with a rigid sphere without handle or guard 12,530’2 mm diameter applied with a force

est

no access with hazardous-live-parts or hazardous moving parts ‘with the relevant fest

ner
the

oof

transformers according to test described in 17.1.2, items’A 2) and B 2). The protection is

fhe
ent

ed

no trace of water on live parts exceptSELV parts below 15 VAC or 25 V DC or on insulafion

uld

nd

Wws.

h a
the

of

SUN, With a reilative toierarnce or 17U 7

B Solid-object-proof transformers (first characteristic IP numerals 3 and 4) shall be tested as

follows:

1) at every possible point with a probe according to test probe C or D of IEC 61032, applied

with a force as given in Table 12:
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Table 112 — Solid-object-proof transformer test

Test probe Probe wire Application
according to diameter force
IEC 61032
mm
First IP numeral 3 C +0,05 (3+0,3)N
255
First IP numeral 4 D 1+0.05 (1£0,1)N
0

2)

C |Dust-proof transformers (first characteristic IP numeral\5) are tested as follows:

1)
2)

The end of the probe wire shall be cut at right angles to its length and be free from_bu

With a rigid steel rod with 2,550'05 mm diameter with edges free from burrs.applied v
a force of 3 N, with a relative tolerance of £10 %, for first characteristic IP\numeral 3 &

with a rigid steel wire with 1+00'05 mm diameter with edges free from barrs applied wit

force of 1 N, with a relative tolerance of +10 %, for first characteristic IP numeral 4.

probes are intended to simulate foreign objects which may be spherical. Where
enclosure has an indirect or tortuous entry path and there is,any doubt about ingress
a spherical object capable of motion, it may be necessary to examine drawings o
provide special access for the object probe to be applied\with the specified force to
opening (s) where ingress has to be checked.

At every possible point with a probe according/o tést probe D of B 1).

In a dust chamber similar to that shown/ in Figure 2 of IEC 60529:1989 4
IEC 60529:1989/AMD1:1999, in which taleum powder is maintained in suspension by
air current; during the test the vacuum.pump as shown is not connected. The cham
shall contain 2 kg of powder for evetry cubic metre of its volume. The talcum pow
used shall pass through a square-meshed sieve whose nominal wire diameter is 50 4

and whose nominal free distance-between wire is 75 um. It should not have been u$

for more than 20 tests.
The test shall be carried elb as follows:

a) the transformer .is Suspended outside the dust chamber and operated at ra
output until operating temperature is achieved;

b) the transformer, while still operating, is placed with the minimum disturbance in
dust chamber;

c) the door of the dust chamber is closed;
d) thesfan/blower causing the talcum powder to be in suspension is switched on;

e) .after 1 min the transformer is switched off and allowed to cool for 3 h while
talcum powder remains in suspension.

ith
nd
h a

-

The

an
of

fhe

nd
an
ber
der

ed

fed

fhe

fhe

the

NOTE 1 The 1 min interval between the switching on of the fan/blower and the SW|tch|ng off of

ring

|n|t|a| coollng WhICh is most |mportant with smaller transformers. The transformer is operated |n|t|ally as

in item a) to ensure that the test chamber is not overheated.

NOTE 2 This treatment of test condition correspond to category 1 of IEC 60529.

D Dust-tight transformers (first characteristic IP numeral 6) are tested in accordance with C.

E Drip-proof transformers (second characteristic IP numeral 1) are subjected for 10 min to

an artificial rainfall of 130’05 mm/min by means of a device as shown in Figure 3 of

IEC 60529:1989, falling vertically from a height of 200 mm above the top of the transformer.

F Drip-proof transformers (second characteristic IP numeral 2) are tilted in any angle up to
15° and subjected for 10 min (2,5 min in each of the four fixed position of tilt) to a artificial
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rainfall of 330’5 mm/min by means of a device as shown in Figure 3 of IEC 60529:1989, falling
vertically from a height of 200 mm above the top of the transformer.

Spray-proof transformers (second characteristic IP numeral 3) are sprayed with water for
10 min by means of a spray apparatus as shown in Figure 4 of IEC 60529:1989. The radius
of the semi-circular tube shall be as small as possible and compatible with the size and
position of the transformer.

The tube shall be perforated so that jets of water are directed towards the centre of the
circle, and a water flow rate shall be 0,07 I/min, with a relative tolerance of 5 %, per hole,
multiplied by number of holes (approximately 80 kN/m?2).

The tube shall be caused to oscillate through an angle of 120°, 60° on either side-of the
vertical, the time for one complete oscillation (2 x 120°) being about 4 s.

The transformer shall be mounted above the pivot line of the tube so that the(énds of the
transformer receive adequate coverage from the jets. The transformer shall be turped
about its vertical axis as stated in IEC 60529.

After this 10 min period, the transformer shall be switched off and allowed'to cool naturally
while the water spray is continued for a further 10 min.

Splash-proof transformers (second characteristic IP numeral 4)-are sprayed from every
direction with water for 10 min by means of the spray apparatus shown in Figure 4 of
IEC 60529:1989 and described in G. The transformer shall bexmounted under the pivot line
of the tube so that the ends of the transformer receive adequate coverage from the jets.

The tube shall be caused to oscillate through an angle ‘@f’‘almost 360°, 180° on either sjide
of the vertical, the time for one complete oscillation® (2 x 360°) being about 12 s. The
transformer shall be turned about its vertical axisias stated in I[EC 60529.

The support for the equipment under test shallbe’grid shaped in order to avoid acting afs a
baffle. After this 10 min period, the transformer shall be switched off and allowed to gool
naturally, while the water spray is continued-for an additional 10 min.

Jet-proof transformers (second chatacteristic IP numeral 5) are switched off and
immediately afterwards are subjected. to a water jet for 15 min from all directions by means
of a hose, having a nozzle with, the shape and dimensions shown in Figure 6| of
IEC 60529:1989, the dimension-D" being 6,3 mm. The nozzle shall be held 3 m away from
the sample.

The rate of the water flowshall be 12,5 I/min, with a relative tolerance of 5 %.

Powerful jet-proof transformers (second characteristic IP numeral 6) are switched off gnd
immediately afterwards are subjected to a water jet for 3 min from all directions by means
of a hose, having' a nozzle with the shape and dimensions shown in Figure 6| of
IEC 60529:1989,~the dimension D' being 12 mm. The nozzle shall be held 3 m away friom
the sample.

The ratelefthe water flow shall be 100 I/min, with a relative tolerance of +5 %.

Water-tight transformers (second characteristic IP numeral 7) are switched off and
immediately immersed for 30 min in water, so that there is at least 150 mm of water abgve
thetop of the transformer, and the lowest portion is subjected to at least 1 m head of water.

Transformers shall be held in position by their normal fixing means.

NOTE This treatment is not sufficiently severe for transformers intended for operation under water.

Pressure watertight transformers (second characteristic IP numeral 8) are heated either by
operating or by other suitable means, so that the temperature of the transformer enclosure
exceeds that of the water in the test tank by between 5 °C and 10 °C.

The transformer shall then be switched off and subjected to a water pressure of 1,3 times
that pressure which corresponds to the rated maximum immersion depth for a period of
30 min.

17.2 Humidity treatment

Transformers shall be proof against humid conditions which may occur in normal use.
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Compliance is checked by the humidity treatment described in this subclause, followed
immediately by the tests of Clause 18.

Transformers intended for fixed connection to the supply are tested with the cable fitted but
with cable entries open. If several knock-outs are provided and positioned on different parts of
the enclosure, the knock-out which produces the most unfavourable condition will be opened.
Transformers intended to be used with an external flexible cable or cord are tested with the
cord and cord entries correctly fitted.

Electrical components, covers and other parts which can be removed without the aid of a tool
ard removed and subjected to the humidity treatment with the main part, if necessary.

The humidity treatment is carried out in a humidity cabinet containing air with a relativebumidity
madlintained between 91 % and 95 %. The temperature of the air, at all places where speciméns
can be located, is maintained to within 1 °C of any convenient value t between 20.°C and 30 [°C.

Before being placed in the humidity cabinet, the specimen is brought to a temperature betwgen
tapd (t + 4) °C.

The specimen is kept in the cabinet for:

— |two days (48 h) for transformers with protection index IP20; or lower;
— |seven days (168 h) for transformers with other protection index.

In most cases, the specimens may be brought to the specified temperature by keeping them at
this temperature for at least 4 h before the humidity treatment.

A relative humidity between 91 % and 95 % canJbe obtained by placing a saturated solution of
sodium sulphate (Na,SO,) or potassium nitrate, (KNO,) in water, the solution having a sufficie;l\tly
i

large contact surface with the air in thexhumidity cabinet. In order to achieve the specified
cor’I:ditions within the cabinet, it is necessary to ensure constant circulation of the air and| in
genmeral, to use a cabinet which is thermally insulated.

After this treatment and the tests of Clause 18, the transformer shall show no damage within
thg meaning of this document.

18| Insulation resistance, dielectric strength and leakage current

181 General

The insulation resistance, the dielectric strength and the leakage current of transformers shall
be [adequate.

Compliance is checked by the tests of 18.2 to 18.5 which are carried out immediately after fhe
test of 17.2, in the humidity cabinet or in the room where the specimen was brought to the
prescribed temperature, after reassembling those parts which may have been removed.

Reducing the overvoltage category classification by about one category lower after the
secondary side of the transformer is allowed, except for auto-transformers, under the following
conditions:

— an earthed screen shall be between the primary and secondary winding or the secondary
circuits have to be connected to functional earthing.

18.2 Insulation resistance

The insulation resistance shall not be less than that shown in Table 13.
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The insulation resistance is measured with a DC voltage of approximately 500 V applied, the
measurement being made 1 min after application of the voltage.

Table 113 — Values of insulation resistance

Insulation
Insulation to be tested resistance
MQ
Between hazardous-live-parts and the body:
— for basic insulation 2
— |for reinforced insulation Z
Befween input circuits and output circuits (basic insulation) 2
Befween input circuits and output circuits (double or reinforced insulation) 5
Between each input circuit and all other input circuits connected together 7
Befween each output circuit and all other output circuits connected together 7
Befween input and output circuits (double reinforced insulation) 7
Between hazardous-live-parts and conductive parts of class Il transformers which‘are separated 2
from hazardous-live-parts by basic insulation only
Beftween conductive parts of class Il transformers which are separated fromhazardous-live- 5
parts by basic insulation only, and the body
Befween two metal foils in contact with the inner and outer surfaces of gn¢losures of insulating 7
mgterial of class Il transformers

NOTE In Australia, higher insulation resistance values are required.

18J3 Dielectric strength test

Immediately after the test of 18.2, the insulation is subjected for 1 min to a dielectric strength
volfage of substantially sinusoidal-wave form at 50/60 Hz. The value of the dielectric strength
test voltage is given in Table 14.

Registors, capacitors and other components are disconnected before carrying out the test.

D
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Table 114 — Table of dielectric strength test voltages

Working voltage
Overvoltage category Type of insulation \%
<50 100 150 ‘ 300 | 600 ‘ 1000

Functional insulation 250 350 Working voltage + 500

Basic insulation
ovcC | 250 350 700 1100 1500 | 2250
Supplementary insulation

Double or reinforced insulation 000 /00 1400 2 200 3 000 4500

Functional insulation 250 350 Working voltage + 500

Basic insulation
ovcC Il 250 500 1250 | 1500 | 24100 | 2500
Supplementary insulation

Double or reinforced insulation 500 1 000 2 500 3 000 4 200 5000

Functional insulation 250 350 Working voltage + 500

Basic insulation
ovc il 250 700 1,400 2100 | 2500 | 2750
Supplementary insulation

Double or reinforced insulation 500 1400 2 800 4 200 5000 5 500

Functional insulation 250 350 Working voltage + 500

Basic insulation
ovcC IV 250 850 1700 [ 2500 | 2800 | 3000
Supplementary insulation

Double or reinforced insulation 500 1700 3 400 5000 5600 6 000

NJTE 1 For the construction according to 19.12.3 b) @and*26.2.5.1, test B the voltage is multiplied by the faqtor
1,25. For the construction according to 26.2.5.2 the voltage is multiplied by the factor 1,35. This increase does hot
apply to routine dielectric strength tests according to. 4.

NQTE 2 Values of test voltage for intermediate yvalues of working voltage are found by linear interpolation betwgen
theg tabulated values.

Nolflashover or breakdown of the insulating materials and/or system shall occur during the test,
coffona effects and similar,pfienomena being disregarded. Diagrams showing examples of fhe
application of test voltages-are shown in Annex N.

Defails of the test.method to be used are given in IEC 61180.

r

The high-voltage transformer used for the test shall be capable of supplying a current of at

lealst 200 mA'when the output terminals are short-circuited.

Caresshall be taken that the dielectric voltage applied between input and output circuits does
nol overstress other insulation. If it is stated by the manufacturer that a double insulation
system exists between input and output circuits, such as from input circuit to core and from
core to output circuit, each insulation is then tested separately according to 19.1 and Table
14.The same applies to a double insulation between input and the body.

For class Il situations incorporating both reinforced insulation and double insulation, care
shall be taken that the dielectric test voltage applied to the reinforced insulation does not
over-stress the basic or supplementary insulation.

In addition, the dielectric strength tests according to Table 102 shall be performed.
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Application of dielectric strength test voltage

Working voltage
\

<50 100 150 300 600 1000
Between live parts of adjacent input circuits not 500 1400 2 800 4 200 5000 5500
intended to be connected together
Between live parts of adjacent output circuits not 500 1400 2 800 4 200 5000 5500
intended to be connected together

18
be
ac
m

Th

A partial discharge test shall be done at the transformer with the measured recurring p4

’{¢]

wh

18

3.1 A partial discharge test according to IEC 60664-1, (see test description below) sh
performed, if FIW wires or TIW wires are used and if the recurring peak working voltage
oss the insulation is greater than 750 V. The relevant recurring peak voltage is the fmgaxim
sured voltage between the input and the output circuit, if the secondary side' Is earth
b measuring shall be done at 1,0 of the maximum rated input voltage.

fage U,, greater than 750 V peak.

ere

is the maximum peak working voltage (V);
is a duration of 5 s;

is a duration of 15 s;

tial discharge shall be less than or equal to 10 pG'at time t,. The test shall be done accord

he Figure 9. For other applications higher valies may be required (e.g. IEC 61800-5-1).
v

1,25 x U,

~ Y

t1 12

!

A

IEC

Figure 8 — Test voltage sequence

.4 Insulation between and within windings

all
Ut

um
ed.

bak

ing

After the test of 18.3, one input circuit is connected to a voltage equal to double the rated
supply voltage, at double the rated supply frequency for 5 min. No load is connected to the
transformer. During the test polyfilar windings, if any, are connected in series. This test is only
applicable for transformers with rated supply frequency lower than 500 Hz.

A higher test frequency than the double supply frequency may be used; the duration of the
period of connection, in minutes, then being equal to 10 times the rated supply frequency
divided by the test frequency, but not less than 2 min.
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During the test, there shall be no breakdown of the insulation between turns of a winding,
between input and output circuits, between adjacent input or output circuits, or between
the windings and any conductive core.

18.5 Touch current and protective earthing conductor current
18.5.1 General

The touch and protective earthing conductor current are measured as described under
18.5.2 and 18.5.3 below.

For variable transformers or transformers with tapping, the most unfavourable setting leaII
be|chosen. For transformers with more than one input or output winding, the mpst
unfavourable combination shall be chosen.

The method of measurement described here is based on the assumption that the transformer
is used in a star TN or TT system, i.e. the transformer is connected befween line (L) gnd
Neptral (N). For other systems, see relevant subclauses of the IEC 60996,

In case of multi phase connections the same procedure is used, but-the measurement(s) are
malde on one phase at the time. The same limits apply for each phase.

The touch current and protective earthing conductor current are measured with the
trapsformer loaded as described in Clause 14 and the me€asurements are made at steady-stpte
condition.

Tolavoid unnecessary testing it is recommended. that this measurement be carried ouf in
conmnection with the heating test in Clause 14.

18/5.2 Touch current

In case of enclosures fabricated of-isulating material, a metal foil 10 cm x 20 cm in size is
plajced in contact with the accessible-surfaces and the measurement is made to this foil. In case
of plass Il insulated parts on axelass | transformer the touch current shall be measufed
simultaneously on the two parts:

During the measurements, a test circuit according to Figure 10 shall be used. The test cir¢uit
shall include an isolating transformer and the "neutral” conductor connected to the measuning
nelwork shall be reliably earthed for safety reasons. For class Il transformers the proteciive
eafthing conductoris ignored. The measuring network indicated is the network described in
Figure J.1. However, if frequencies above 30 kHz are involved, measurement of touch currgnt
shall includeNmeasurement with regard to electric burn effects in addition to the measurements
of Figure J:1! For the burn effects, the unweighted RMS value of the touch current is relevant.
Unweighted touch current is calculated from the RMS voltage U,, measured across the 500

registor of Figure J.1.

The terminal A electrode shall be applied to each accessible part in turn.

For each application of the terminal A electrode, the terminal B electrode shall be applied to
protective earthing, then applied to each of the other accessible part in turn.

Measurements:

The touch-current is measured with the switch p in both position and the following combination
of switches e and n:

— switches n and e in the on position;

— switch n in the off position and switch e in the on position;
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switch n in the on position and switch e in the off position.

For each application of the terminal A and B electrodes and for each combination of the switches

p, € and n, the touch current measured shall be equal to or less than in Table 15.
Point of connection
(Polarity)
to supply
- p Pe )
, T |
\ |
Supply. % : |
- ks
n \ L]J
é M »—?N } o)
(Neutral fault) \ ‘
| |
(Earthing conductor fault) : ‘
ot TPE _
€ |
T /) ‘
- B\ /A
Measuring network
IEC
Figure 9 — Test configuration: single-phase equipment on star TN or TT system
18J5.3 Protective earthing conductor current
The protective earthing conductor current issmeasured with the transformer connected|as
described in Clause 14. In addition an ammeter of negligible impedance (less than 0,5 Q) is
connected between the earthing terminal (of the transformer and the protective earthing
conductor.
The protective earthing conductor\current (s) shall not exceed the values of Table 15.
Table 116 — Limits for currents
Type of current Rated current Max limit (RMS)
Topuch current: _ 0,5 mA
Alllclass | and class(1l
transformers equipped with a plug
acgording to IECTR'60083
Prptective conductor current: <4 A 2 mA
— [Class I transformers fitted with >4 Abut<10A 0,5 mA/A
A single or multiphase plug rated
Lb.fo’and including 32 A >10 A 5 mA
— Class | transformers intended <TA 3,5 mA
for permanent connection >7Abut<20A 0.5 mA/A
>20 A 10 mA

The value to be observed during the measurement is a peak value. The peak value can be

tra

nsformed into true RMS using a good quality oscilloscope.

NOTE Further explanations regarding the measurement of touch current and protective conductor current can
be found in IEC 60990 and IEC 61140:2016 (7.6).
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18.101 The leakage current of the output winding to the earthing shall not exceed 0,5 mA,
when measured under the no-load condition, and at the room temperature with the transformer
supplied at the rated voltage and the rated frequency, as shown in Figure 101.

For this test the core and the functional screen, if any, shall be connected to the earthing.

Transformer
under test
Variable isolating
L trarsiormer
q T1 E———L
S~ —_l I
e — 1 —
|
|
Maips | b S2
PRI | SEC T
! e}
|
@ :
N ® o o — | —
:
|
o Core i
i I
...\ I i
Enclosure
= IEC

Thel test shall be carried out with all combinations of S1 and S2.

For|three-phase transformers the switch-S1 is used only in closed position. The measurements with switch S2|are
repgated connecting it, in turn, to all-pfiases.

Thel current is measured with annammeter of negligible impedance.

NOTE 1 In Japan, the leakage current of the output winding is limited to 0,1 mA maximum.
NOTE 2 In Australiaj additional leakage current limits apply.

Figure 101 — Required circuit for measuring the leakage current

from the output winding to the earthing

Compliance shall be checked by measurements.

18.102 The leakage current through the protective earthing conductor from the enclosure to
the earthing, shall not exceed 0,5 mA when measured at room temperature under no-load
condition with the transformer supplied at the rated voltage and the rated frequency as shown
in Figure 102.
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comstruction shall be such that there is no possibility of any connection between these circu

Transformer
under test
Variable isolating
transformer
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test shall be carried out with all combinations of S1.
three-phase transformers the switch S1 is used only in\closed position.
current is measured with an ammeter of negligiblé/impedance.

core, if not connected to the enclosure, and the functional screen, if any, shall be connected to earth.

Figure 102 — Required\circuit for measuring the leakage current
at the _protective earthing conductor

mpliance shall be checked by measurements.

Construction

1 The input'and output circuits shall be electrically separated from each other and

er directly or indirectly, via other conductive parts, except by deliberate action.

22

the
its,

nto

co

mpliance is checked by inspection and measurements, taking Clauses 18 and 26 |

sigeration.

19.1.101 The insulation between the input and output winding(s) shall consist of double or
reinforced insulation (rated for the working voltage). The insulation between the input
winding(s) and the body, and between the output winding(s) and the body, shall consist of
double or reinforced insulation (rated for the working voltage).

19.1.101.1 When the input winding(s) are not intended to be connected in series or parallel,
they shall be separated from each other and from other circuits by double or reinforced
insulation (rated for the working voltage).

The input winding(s), intended to be connected in series or parallel, may be separated from
each other by basic insulation (rated for the working voltage).
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19.1.101.2 The output winding(s) shall be separated from each other and from other circuits
by double or reinforced insulation (rated for the working voltage).

19.1.101.3 The functional screening, if any, shall be separated from the core, the windings
and from the body by double or reinforced insulation (rated for the working voltage).

19.1.101.4 If the transformers are provided with a functional screening placed between the
input and the output windings, the functional screening shall be constructed of a metal foil
so that the adjacent turns overlap without short-circuiting. The lead out of the functional
screening shall be provided with separate terminals.

Fof concentric windings, the width of the functional screening shall be approximately,egual to
thg axial winding length of the input winding. For non-concentric windings, the width of the
functional screening shall be approximately equal to the radial winding length-of.the input
winding. If the functional screening is constructed of only one turn it shall be provided with
an linsulated overlap of not less than 3 mm.

19/1.102 For transformers with intermediate conductive parts (e.g- the iron core) pot
comnected to the body and located between the input and output-windings, the insuIatiEn

befween the intermediate conductive parts and the input windings, and between the
intermediate conductive parts and the output windings shall* consist of at least basic
ingulation (rated for the working voltage).

An|intermediate conductive part not separated from thie input or output windings or fhe
bofly by at least basic insulation is considered to be eonnected to the relevant part(s).

The insulation between the input and output windings via the intermediate conductive part
shall consist of double or reinforced insulation; the insulation between the input windings
ang the body, and between the output winhdings and the body, via the intermediate
cohductive part shall consist of double{or reinforced insulation (rated for the working
voltage).

19]1.103 Transformers shall not.be provided with capacitors and/or resistors.

Compliance shall be checked'\by inspection.

19{1.104 The input and output terminals for the connection of external wiring shall be|so
locpted that the distance measured between the points of introduction of the conductors ipto
thelse terminals i not less than 25 mm. If a barrier is used to obtain this distance, the
mefasurement shall be made over and around the barrier which shall be of insulating material
andl permanently fixed to the transformer.

Conplianee shall be checked by inspection and by measurement, disregarding {he
intermediate conductive parts.

19.1.105 If the monitoring of the over-temperature in accordance with 15.4 is required, the
thermal sensitive device (bimetal, PTC or similar) shall be built-in and shall be connected to
separate terminals for external connections.

NOTE The terminals are intended to connect the thermal sensitive device to visual indicators and/or audible signal
located in the medical location and intended to warn the medical staff.

The thermal sensitive device shall be rated to the class of the insulation system minus 10 °C.

19.1.106 If a single-phase transformer is provided with a midpoint in the output winding, it
shall be connected to a separate terminal.
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19.1.107 Three-phase transformers shall be provided with the vector group star-star or star-
delta design.

19.1.108 The star point of the output winding in three-phase transformers with vector group
star-star design shall be connected to a separate terminal.

NOTE The terminal is intended for connection to an external medical insulation monitoring device (MED-IMD) in
accordance with IEC 61557-8, if applicable.

19.1.109 The star point of the input winding in three-phase transformers with vector group

star-star-or-star-delta anign shall he connected to-a enpgrgfn terminal-

NOTE The terminal is intended for connection to the neutral point of the supply in order to allow asymmetiical
loading.

19{2 Flammability of materials

Matterials known to be highly flammable, such as celluloid, shall not be used"in the constructjon
of fransformers.

Cotton, silk, paper and similar fibrous material shall not be ,used as insulation, unlg
impregnated.

7
(2}
(2}

W4gx and similar impregnators shall not be used, unless suitably restrained from migration.

Compliance is checked by inspection and, in case of.doubt regarding fiercely burning materials,
by [the glow-wire test of 27.4 at 550 °C.

NOTE Insulating material is considered impregnated if the-space between the fibres of the material are substantjally
filleg with a suitable insulating coating (i.e., epoxy resin; varnish, etc.).

Wdod, even if impregnated, shall not be.used as supplementary or reinforced insulation.

1913 Short-circuit characteristics-of portable transformers

Portable transformers shall be either short-circuit proof or fail-safe transformers.
Conpliance is checked by inspection.

19)4 Class Il transformer contact prevention of accessible conductive parts

There shall beyprovisions to prevent contact between accessible conductive parts and conduits
or metal sheaths of supply wiring for class Il transformers.

Compliance is checked by inspection.

19.5 Class Il transformer insulation reassembling after service

Parts of class Il transformers serving as supplementary insulation or reinforced insulation
which might be omitted during reassembly after servicing, shall either:

— be fixed in such a way that they cannot be removed without being seriously damaged; or

— be so designed that they cannot be replaced in an incorrect position and that, if they are
omitted, the transformer is rendered inoperable or is manifestly incomplete.

Compliance is checked by inspection and by manual test.

Sleeving may, however, be used as supplementary insulation on internal wiring, if it is
retained in position by positive means.
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NOTE 1 A sleeve is considered to be fixed by positive means if it can be removed only by breaking or cutting, or if
it is clamped at both ends.

NOTE 2 Servicing includes replacement of switches, protective devices and of power supply cords when the type
of attachment allows this.

NOTE 3 Lining metal enclosures with a coating of lacquer or with material in the form of a coating which does not
withstand the test of 19.10 is not considered to be adequate for the purpose of these requirements.

19.6 Loosening of wires, screws or similar parts

Class | and class Il transformers shall be so constructed that, should any wire, screw, nut,
I : ot | I ot ‘ itiom & .
be¢ome so disposed that creepage distances or clearances over supplementary insuifation
or reinforced insulation or the distance between input and output terminals are reduced to
lesp than 50 % of the value specified in Clause 26.

Compliance is checked by inspection, by measurement and by manual test.

For the purpose of this requirement:

— |it is not expected that two independent fixings will become loose ‘at the same time;

— |parts fixed by means of screws or nuts provided with locking;washers are regarded as hot
liable to become loose, provided these screws or nuts, are not removed during fhe
replacement of the supply flexible cable or cord, or othef, servicing;

— |conductors connected by soldering are not considered.to be adequately fixed unless they
are held in place near to the termination by means, such as hooking in, independent of the
solder;

— |screwless terminals complying with IEC 60998-2-2 are considered to provide adequpte
fixing of the conductor without any additional’means;

— |wires connected to terminals are notccensidered to be adequately secured, unless|an
additional fixing of an appropriate type is provided near to the terminal. In the casel of
stranded conductors, this additionalfixing is to clamp the insulation and not the condugtor
only;

— |[short rigid wires are not regarded as liable to come away from a terminal if they remain in
position when the terminal-screw is loosened.

19J7 Resistor or capacitor connection with accessible conductive parts

Conductive parts connected to accessible conductive parts by resistors or capacitors shalllbe
separated from the hazardous-live-parts by double insulation or reinforced insulation.

Compliance Sis-checked by all relevant requirements and tests for double insulation| or
reipforced-insulation.

19/8.<{Bridging of separated conductive parts by resistors or capacitors

Conductive parts separated by double or reinforced insulation e.g. live parts and the body
or primary and secondary circuits, may be bridged (conductive bridge) by resistors or Y2
capacitors provided that they consist of at least two separate components whose impedance is
unlikely to change significantly during the lifetime of the transformer.

If the resistors are used they shall comply with the requirements of test a) in 14.2 of
IEC 60065:2014. If capacitors are used, they shall comply with the relevant requirements of
IEC 60384-14:2013, including its Subclause 3.4.2.

Where two capacitors are used in series, they shall each be rated for the total working voltage
across the pair and shall have the same nominal capacitance value.lf any one of such two
components is short-circuited or open-circuited, the values specified in Clause 9 shall not be
exceeded.
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In addition, if the working voltage does not exceed 250 V AC , conductive parts separated
by double or reinforced insulation (e.g. live parts and the body or primary and secondary
circuits) may be bridged by a single Y1 capacitor complying with the relevant requirements of
IEC 60384-14:2013, including its Subclause 3.4.2. These requirements are applicable up to
overvoltage category IlI.

For a working voltage above 250 V AC and not exceeding 500 V AC and an overvoltage category
I, two Y1 capacitors are required.

NOTE A Y1 capacitor is considered to have reinforced insulation.

Compliance is checked by inspection and by measurement.

1919 Insulating material separating input and output windings

Insjulating material separating input and output windings, and parts of natdral’ or synthetic
rubber used as supplementary insulation in class Il transformers, shall be ‘either resistant
to fgeing or so arranged and dimensioned that, if any cracks occur, creepage distances pare
nof reduced below the values specified in Clause 26.

Compliance is checked by inspection, by measurement and, in case of doubt concerning fthe
ageing properties of rubber, by the following test.

Rupber parts are aged in an atmosphere of oxygen undér pressure. The specimens fare
sugpended freely in an oxygen bomb, the effective capacity of the bomb being at least 10 times
thg volume of the specimens. The bomb is filled withi<commercial oxygen not less than 91 %
pufe, to a pressure of (2107) N/cm?2.

The specimens are kept in the bomb at & temperature of (70 +<;) °C for four days (96 (h).
Immediately afterwards, they are taken*out of the bomb and left at ambient temperatyre,
avoiding direct daylight, for at least 16-h;

After the test, the specimens are examined and shall show no cracks with normal vision or
coffrected vision without magnification.

In pase of doubt with regard to materials other than rubber, an alternative method has to|be
used (see 14.3 and 2613).

The use of the oxygen bomb presents some danger, unless handled with care. All precautions
should be takento avoid the risk of explosion due to sudden oxidation.

1910 Accidental contact protection against hazardous-live-parts provided by isolating
coating

When-pte orr-ofhaza v s-againstac oftactisen
coating, this coating shall be capable of withstanding the following tests.

a) Ageing test
The coated part is subjected to the conditions described in section one (test Na) of
IEC 60068-2-14, at a temperature of (70 £ 2) °C for a period of seven days (168 h).

After this treatment, the part is allowed to cool to ambient temperature and inspection shall
show that the coating has not loosened up or shrunk away from the base material.

b) Impact test

The part is then conditioned for a period of 4 h at a temperature of (-10 = 2) °C. While still
at this temperature, the coating is subjected to a blow applied to any point of the layer that
is likely to be weak using a spring-operated impact hammer according to IEC 60068-2-75
with an energy of (0,5 = 0,05) J.
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After this test, the coating shall not be damaged. In particular, it shall show no cracks visible

with normal vision, or corrected vision without magnification.
c) Scratch test

Finally, the part at the highest temperature attained under normal operating conditions is

subjected to a scratch test. The scratches are made by means of a hardened steel pin,

the

end of which has the form of a cone having a top angle of 40°, its tip being rounded with a

radius of (0,25 + 0,02) mm.

Scratches are made by drawing the pin along the surface at a speed of about 20 mm/s

as

shown in Figure 11. The pin is so loaded that the force exerted along its axis is (10 £ 0,5) N.

After this test, the coating shall not loosen or be pierced, and it shall withstand a dielec
strength test as specified in 18.3, the test voltage being applied between the basé/mate
and a metal foil in contact with the coating.

The tests may be conducted on a separate specimen of the coated part.

Specimen under test IEC

NOTE The pinis in the\plane ABCD which is perpendicular to the specimen under test.

Figure 103 — Abrasion resistance test for insulating coated layers

19]11 Insulating material of handles, operating levers, knobs and similar parts
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Hahdles, operating levers, knobs and similar parts shall be of insulating material or
ad . S . .
such insulation in the event the shafts or fixing are likely to become live during an insulat
breakdown.

Compliance is checked by inspection and, if necessary, by the requirements specified
supplementary insulation.

19.12 Winding construction
19.12.1 In all types of transformers, precautions shall be taken to prevent:

— undue displacement of input or output windings or the turns thereof;

— undue displacement of internal wiring or wires for external connections;

by
ion

for
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— undue displacement of parts of windings or of internal wiring, in the event of rupture of wires
or loosening of connections.

Compliance is checked by inspection and by the tests of Clause 16.
The last turn of each winding shall be prevented from being displaced.

Means of prevention may be:

— positive means such as tape, suitable bonding agent, or anchoring the wire;

— |or process technologies (e.g.manufacturing procedures).

A protective screen, if necessary, in order to prevent eddy current losses due to creation gf a
short turn, should be so arranged that both edges can neither simultaneously touch each other
noi touch an iron core.

19]12.2 Where serrated tape is used as insulation, it is assumed that the“serration of the
different layers will coincide. For distance through insulation (DTI), the reddced values of Taple
22 may be used if one additional layer of serrated tape and one additionaklayer without serratlion
plajced at the location of the serration are used.

NOTE An example is given in Figure M.3.

WHere cheekless bobbins (bobbins without flange) are used,”the end turns of each layer shall
be |prevented from being displaced.

Each layer can, for example, be interleaved with adequate insulation material projecting bey¢nd
the end turns of each layer and, moreover:

— |either the winding(s) may be impregnated with hard-baking or cold-setting materjal,
substantially filling the intervening spaces and effectively sealing-off the end turns;

— |or the winding(s) may be held tegether by means of insulating material or by procéss
technology.

Compliance is checked by inspection and by the tests of Clauses 16, 17, and 18.

19]12.3 Insulated winding/wires, in an insulation system providing basic, supplementary or
reipforced insulationishall meet the following requirements.

Wire that has multi-layer extruded or spirally wrapped insulation (where only the finished wire
can be tested)«and passes the tests of Annex K.

The minimum number of constructional layers applied to the conductor shall be as follows:

— |b@asic insulation: two wrapped layers or one extruded layer;

— supplemantary insulation: two layers, wrapped or extruded;

— reinforced insulation: three layers wrapped or extruded.

For spirally wrapped insulation where the creepage distances between layers, as wrapped,
are less than those given in Clause 26. For pollution degree 1, the path between layers shall

be sealed as for a cemented joint in 26.2.4, Test A and the test voltages of the type tests in
Clause K.2 are increased to 1,35 times their normal values.

One layer of material wound with more than 50 % overlap is considered to constitute two layers.

The finished component shall pass routine test for dielectric strength using the appropriate
value of test voltages in 18.3.
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Compliance is checked by inspection and measurement and, if applicable, as specified in
Annex K.

a) Where the insulation on the winding wire is used to provide basic- or supplementary

c)

insulation in a wound part:

— theinsulated wire (for example polyimide or insulation of equivalent quality) shall com
with Annex K;

— the insulation of one insulated winding wire shall consist of at least two layers
supplementary insulation;

ply

for

— an insulation for mechanical separation which fulfil the dielectric strength testdor basic

insulation shall be provided between the insulated wires and the enamelled wires.

If for basic or supplementary insulation a triple insulated wire is used in cembination W
enamelled wire, an additional interleaved insulation (mechanical separation).iS not requir,

Where the insulation on the winding wire is used to provide reinforced insulation i
wound part:

— theinsulated wire (for example polyimide or insulation of equivalent quality) shall com
with Annex K;

— the insulation of one insulated winding wire shall conSist of at least three layers;
— the insulation is subjected to the relevant dielectric stréngth test of 18.3.

Where the insulated winding wire is wound:

— upon metal or ferrite cores; or

— upon enamelled wire; or

— under enamelled wire,

ith
ed.
h a

insulation for mechanical separationxwhich fulfils the dielectric strength test for bapsic

insulation shall be provided between the insulated wires and the core or between
insulated wires and the enamelled<wires. These independent windings shall not be ablg
contact each other or the core,

the
to

NOTE 1 This requirement takes\into consideration the mechanical production stress applied to the insulated

winding wires.

The manufacturer of. the transformer shall demonstrate that the winding wire has bg
subjected to 100 %'‘routine dielectric strength test as in Clause K.3.

No requirements.for creepage distances and clearances are applicable for the insula
winding wires:

Complianceis checked by inspection of the part and the declaration of the wire manufacty

Toroidal~cores used with TIW wires for double or reinforced insulation between
primafy and secondary circuits shall comply with the following:

en

ed

rer
the

N.¥The toroidal core shall have a coating, which fulfills the requirements of basic insulat

on

between a winding and the core

2) The primary winding consists of TIW wire with 3 layers (reinforced insulation) and the

secondary winding consists of enamelled wire. These independent windings shall not

be

able to contact each other either by mechanical separation or a gap which fulfil the

dielectric strength tests for basic insulation.

3) For polyfilar windings (primary and secondary windings in contact with each other), the

primary winding consists of TIW wire with 3 layers and the secondary winding consi
of a TIW wire with 1 layer (requirements for primary and secondary windings can
changed). This construction also is allowed for use with EE-cores or similar.

sts
be

d) Toroidal cores used with FIW wires for double or reinforced insulation between the

primary and secondary circuits shall comply with the following:

1) The toroidal core shall have a coating, which fulfil the requirements of basic insulation.
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2) The primary winding consists of FIW wire for reinforced insulation and the secondary
winding consist of FIW wire — of basic insulation. These independent windings shall
not be able to contact each other either by mechanical separation or a gap which fulfil
the dielectric strength test for basic insulation.

3) For polyfilar windings (primary and secondary windings in contact with each other), the
primary winding and the secondary winding consist of FIW wire for reinforced
insulation.This construction also is allowed to use for EE-core or similar.

Toroidal cores used with TIW in combination with FIW wire, for double or reinforced
insulation between the primary and secondary circuits shall comply with the following:

2) The primary winding consists of FIW wire for reinforced insulation, and the secondpary
winding consists of TIW wire for basic insulation (1 layer). These independentiwindings
shall not be able to contact each other either by mechanical separation or-algap whlich
fulfil the dielectric strength tests for basic insulation.

3) For polyfilar windings (primary and secondary windings in contact with.each other), the
primary winding consists of TIW wire for reinforced insulation'(3 layer) and fhe
secondary winding consists of FIW wire for reinforced insulation. This construction
also is allowed for use with EE-cores or similar.

Toroidal cores used with TIW in combination with FIW wire, for'basic insulation betwgen
the primary and secondary circuits shall comply with the following:

1) The toroidal core shall have a coating, which fulfils the requirements of basic insulation

2) The primary winding consists of FIW wire for basic insulation, and the secondpry
winding consists of TIW wire for basic insulation (1 layer). These independent windings
shall not be able to contact each other eithef by mechanical separation or a gap whiich
fulfils the dielectric strength tests for basic\insulation.

NOTE 2 Instead of FIW for basic insulation, énamelled wire is also accepted.

3) For polyfilar windings (primary andwsécondary windings in contact with each other), the
primary winding consists of TIW wire for supplementary insulation (2 layers) and the
secondary winding consists of FIW wire for basic insulation. This construction alsg is
allowed for use with EE-cores,or similar.

3.1) For polyfilar windings (primary and secondary windings in contact with each
other), the primary-winding consists of TIW wire for basic insulation (1 layer) and
the secondany winding consists of TIW wire for basic insulation (1 layer).

4) Further polyfilar constructions with FIW and TIW wires in combination with enameljed
wires for basiciinsulation only:

4.1) Primany winding consists of enamelled wire, secondary winding consists of RIW
wire.for reinforced insulation

4.2)y~Primary winding consists of enamelled wire, secondary winding consists of TIW
wire for reinforced insulation

12:3.1 The transformer utilizing fully insulated winding wires (FIW) shall only be used|up

ol 1 P + Lot l |
MU TrreruunTy miourdtvulTt Lidosos T+

12.3.2 Fully insulated winding wires (FIW) shall comply with IEC 60851-5:2008,

IEC 60317-0-7 and IEC 60317-56. If the wire has a nominal diameter other than defined in Table

24,

the minimum high voltage strength value can be calculated according to Formula (6) in

26.3.5:

FIW wires used for basic or supplementary isolation for transformers according to
19.1.3:

— the test voltage required in Table 14 for basic-/supplementary insulation according to
the working voltage of the transformer, shall comply with the minimum voltage strength
of basic insulation for the FIW-wire according to Table 24;
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19
Ha

between a basic insulated FIW wire and an enamelled wire an insulation for mechani
separation shall be used. The both windings shall not touch each other. The insulat

cal
ion

for mechanical separation shall fulfil the high voltage test of basic insulation. Creepage

distances and clearances for FIW wire are not required.

FIW wires used for double or reinforced insulation for transformers according to 19.1.4:

Alternative construction with FIW-wires having reinforced insulation:

the test voltage required in Table 14 for basic-/supplementary insulation according to
the working voltage of the transformer, shall comply with the minimum voltage strength
of basic insulation for the FIW-wires according to Table 24. For the primary and the

secondary winding a basic insulated FIW wire shall be used,;

be used. These independent windings shall not be able to contact each other:\]
insulation for mechanical separation shall fulfil the high voltage test of basic insulati
Creepage distances and clearances between the FIW wires are not required.

the test voltage required in Table 14 for reinforced insulation according to the work
voltage of the transformer, shall comply with the minimum voltage strength for the H
wire according to Table 24;

between a reinforced insulated FIW wire and an enamelled wire an insulation
mechanical separation shall be used. These independent windings shall not be ablg
contact each other. The insulation for mechanical separation shall fulfil the high volta
test of basic insulation. Creepage distances and clearances between the FIW wi
are not required.

all
'he
on.

ng
W

for

to
ge
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Alternative construction with FIW wires, basic or supplementary insulated for transformers

with double or reinforced insulation:

Where the FIW wire is‘'wound:

13 Fixing of handles, operating levers and similar parts

hdles; operating levers and similar parts shall be fixed in a reliable manner so that they

not

become loose as a result of heating, vibration, etc. which may occur in normal use.

the test voltage required in Table 14 for basic-/supplementary insulation according
the working voltage of the transformer, ‘shall comply with the minimum voltage stren
of basic insulation for the FIW-wire according to Table 24. For either the primary or
secondary winding a basic insulated\FIW wire shall be used. For the non FIW windi
enamelled wire can be used;

to
gth
the
ng,

between the basic insulated\FIW wire and the enamelled wire, a supplementary

insulation according to the working voltage is required. Creepage distances
clearances between the” FIW wire and the enamelled wire are required
supplementary insulation.

upon metal or.ferrite cores, an insulation for mechanical separation which fulfil
dielectric strength test for basic insulation shall be provided between the FIW wi
and the core. The FIW wire and enamelled wire (if used) shall not touch the meta
ferrite core.

nd
for

the
res
or

will

Compliance is checked by inspection and by the tests of Clauses 14 and 16.

19.14 Fixing of covers providing protection against electric shock

Covers providing protection against electric shock shall be securely fixed. The fixing shall be
achieved by at least two independent means, one of which at least requires the use of a tool.

Compliance is checked by inspection and by manual test.

The cover may incorporate a means, such as a notch or a rim, which forms one of the required
fixing means.
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Screws may be used as means requiring the use of a tool, but knurled nuts or screws, even if
they have provision for sealing, are not suitable.

19.15 Strain on fixed socket-outlets caused by pin-transformers connection

Transformers provided with pins intended to be introduced into fixed socket-outlets shall not
impose undue strain on these socket-outlets.

Compliance is checked by inserting the transformer, as in normal use, into a fixed socket-
outlet complying with IEC TR 60083, the socket-outlet being pivoted about the horizontal axis
thrpugh the central lines of the coniact tubes at a distanice of 8 mm behind the engagement
facde of the socket-outlet.

The additional torque which has to be applied to the socket-outlet to maintain the.engagement
face in the vertical plane shall not exceed 0,25 Nm.

19]16 Portable transformers for use in irregular or harsh conditions

Portable transformers having a weight not exceeding 18 kg for usg/in irregular or hafsh
conditions, example indoor or outdoor heavy construction sites, exposure to high levels of dyst,
delbris or moisture shall have a protection index IPX4 or higher.

NOTE IEC 61558-2-23 is extended to cover other kinds of rough handling:
19J17 Drain hole of transformers protected against ingress of water

Transformers having a protection index from IPX1 up to and including IPX6 shall have|an
effective drain hole at least 5 mm in diameter or.20'mm?2 in area, with a width of at least 3 mm.

The drain hole is not required if the transformer, including its windings and core and|all
uninsulated live parts, are completely embedded in a potting material.

19J18 Plug connected transformers protected against ingress of water

Transformers classified for a protection index higher than IPX1 and having a cord provided
with a plug; it shall be a moulded-on plug.

19]19 Flexible cable or flexible cord connection for class | portable transformers

Class | portable transformers designed for connection by means of a flexible cable or cqrd,
shall be provided with a non-detachable flexible cable or cord with protective earthjng
comductor and.a plug with protective earthing contact.

If 4 class.I'stationary transformer is equipped with a non-detachable flexible cable or cqgrd,
the cable or cord shall have a protective earthing conductor and the plug shall have a protec1ive
eaithing contact

Compliance with the requirements of 19.16 to 19.19 is checked by inspection, by measurement,
and by the tests of 17.1.

19.20 SELV- and PELV-circuit separation of live parts

Live parts of SELV- and PELV-circuits shall be electrically separated from each other and
from other circuits. Taking the relevant working voltage into account the following
requirements shall be met:

— SELV output circuits shall be electrically separated from all circuits other than SELV and
PELV by double or reinforced insulation.
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— SELV output circuits shall be electrically separated from other SELV and PELV circuits
by basic insulation.

This requirement does not exclude the connection of PELV circuits to the protective earthing.

Compliance is checked by compliance with 19.20.1 for SELV-circuits and 19.20.2 for PELV-
circuits

19.20.1 Live parts of SELV-circuits shall not be connected to the protective earthing, to live
parts, or protective earthing conductors forming part of other circuits.

Exposed conductive parts of SELV-circuits shall not be connected to:

— |the protective earthing, or
— |protective earthing conductors or exposed conductive parts of another cireuib.
If the nominal voltage exceeds 25 V AC or 60 V ripple-free DC, protection against contact with

livg parts shall be provided by insulation capable of withstanding a testfvoltage for double or
reipforced insulation according to Table 14.

contact with live parts is generally unnecessary. However, itay be necessary under certain

If 1-@ nominal voltage does not exceed 25V AC or 60 V ripple-free DC, protection against
conditions of external influences (see relevant part of IEC 69558-2).

19J20.2 For PELV-circuits, the following requirements shall be fulfilled.

Prqgtection against contact with live parts shall be.ensured by insulation capable of withstandfing
a test voltage for double or reinforced insulation according to Table 14.

This requirement implies that PELV-circuits have to be insulated even for voltages below 25
AC|or 60 V ripple-free DC. Exempted are'live parts directly connected to protective earthing.

1921 Protection against contact)for FELV-circuit

For FELV-circuits, the following requirements shall be fulfilled to ensure protection against
both direct and indirect contact.

Sugh conditions may; for example, be ensured when the circuit contains equipment (such|as
trapsformers, relays; remote-control switches, contactors) insufficiently insulated with resplect
to ¢ircuits at higher voltages.

Prqgtection.against indirect contact shall be provided by insulation corresponding to the minimum
tesft voltage required for the primary circuit.

19.22Protective earthing regarding class tHtransformers

Class Il transformers shall not be provided with means for protective earthing.

However, a class Il transformer intended for looping-in may have an internal terminal for
maintaining the electrical continuity of a protective earthing conductor not terminating in the
transformer, provided that the terminal is insulated from the accessible conductive parts by
class Il insulation.

Compliance is checked by inspection.

19.23 Protective earthing regarding class lll transformers

Class lll transformers shall not be provided with means for protective earthing.
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Compliance is checked by inspection.

20 Components

20.1 Components such as switches, plugs, fuses, lampholders, capacitors and flexible cables
and cords shall comply with the relevant IEC standard as far as it reasonably applies.

Components incorporated in or supplied with the transformers are subjected to all tests of this
document as part of the transformer.

Compliance with the IEC standard for the relevant component does not necessarily-enspre
compliance with the requirements of this document.

The testing of these components is, in general, carried out separately, according'to the relevant
stajndard, as follows:

— |components marked with individual ratings are checked to establish that they suit the
conditions which may occur in the transformer, including inrush cursent. The componentt is
then tested in accordance with its marking, the number of speciméns being that required| by
the relevant standard;

— |components not marked with individual ratings are tested tUnder the conditions occurring in
the transformer, including inrush current, the number of¢specimens being, in general, that
required by the relevant standard;

— |where no IEC standard exists for the relevant component, or where the component is hot
marked, or where the component is not used in.@aecordance with its marking, the compongent
is tested under the conditions occurring in the.transformer; the number of specimens beinhg,
in general, that required by a similar specification.

20J2 Appliance couplers for mains supply~shall comply with IEC 60320 (all parts) for IHX0
trapsformers and IEC 60320-2-3 or IEC\60309 (all parts) for other transformers.

20/3 Automatic controls shall comply with IEC 60730 (all parts) and the appropriate partg of
IEC 61558-2 unless they are tested with the transformer.

20)4 Thermal-links shall comply with IEC 60691 as far as reasonable.
20)5 Switches forming part of the transformer assembly shall comply with Annex F.

In dddition, switches intended to disconnect the transformer from the supply shall disconngect
all [poles and/shall provide full disconnection under the relevant overvoltage category. The
requirements’ with regard to all-pole disconnection and full disconnection do not apply| to
tra{sformers intended to be connected to the supply by means of a flexible cable or cord and

a glug; or to transformers accompanied by an instruction sheet stating that such means [for
discanhection shall be incorporated in the fixed wiring

Compliance is checked by inspection.
20.6

Socket-outlets shall not be directly connected to the output circuit of the transformer without
appropriate protection in accordance with the corresponding installation rules.
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Plugs and socket-outlets for SELV systems shall comply with the requirements of IEC 60906-3
and |IEC 60884-2-4. However, plugs and socket-outlets for SELV systems with both a rated
current < 3 A and a maximum voltage of 24 V AC or 60 V DC with a power not exceeding 72 W
are allowed to comply only with the following requirements:

— it shall not be possible for plugs to enter socket-outlets of other standardised voltage
systems;

— socket-outlets shall not accommodate plugs for other standardised voltage;

— socket-outlets shall not have a protective earthing contact.

As|[[EC 60906-3 covers only 6 V, 12V, 24 V and 48 V, transformers with intermediate suplply
volfage should be able to withstand the nearest upper voltage. Other plugs and socket-ouflet
syqtems are allowed for associated transformers only.

P

uUgs and socket-outlets for PELV systems shall comply with the following requirements:

— |it shall not be possible for plugs to enter socket-outlets of other standardized voltage
systems;

— |socket-outlets shall not accommodate plugs of other standardized voltage systems;
— |socket-outlets shall not have a protective earthing contact.

This does not preclude the use of socket-outlets incorporating functional bonding contact.

P

c

gs and socket-outlets for FELV systems shall complycwith the following requirements:

— |It shall not be possible for plugs to enter socket-outlets of other standardized voltage
systems; and

— |socket-outlets shall not accommodate plugs.of other standardised voltage systems.

Compliance is checked by inspection and«by manual test.

20J7 Thermal cut-outs, thermal links, overload relays, fuses and other overload protecfive
deyices shall have adequate breaking capacity.

Compliance of the breaking.capacity of thermal cut-outs is checked by the relevant testg of
20)8 and 20.9.

Conpliance of the Breaking capacity of thermal links is checked by the relevant test of 20.9
The breaking-Capacity of the fuse shall be in accordance with the relevant fuse standard.

Fuses aeccording to IEC 60127 (all parts) and IEC 60269 (all parts) are allowed to be
corrtinuously loaded by a current not exceeding 1,1 times the rated value.

20.8 Thermal cut-outs shall meet the requirements of 20.8.1.1 and 20.8.2, or 20.8.1.2 and
20.8.2.

20.8.1 Requirements according to IEC 60730-1.

20.8.1.1 Thermal cut-outs when tested as separate components shall comply with the
appropriate requirements and tests of IEC 60730-1.

For the purpose of this document the following applies.

a) Thermal cut-outs shall be of type 1 or type 2 (see 6.4 of IEC 60730-1:2013)
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Thermal cut-outs shall have at least micro-interruption (type 1.C or 2.C) (see 6.4.3.3 and
6.9.3 of IEC 60730-1:2013), or micro-disconnection (type 1.B or 2.B) (see 6.4.3.2 and 6.9.2
of IEC 60730-1:2013).

Thermal cut-outs with manual reset shall have a trip free mechanism with contacts that
cannot be prevented from opening against continuation of a fault (type 1.E and 2.E) (see
6.4.3.5 of IEC 60730-1:2013).

The number of cycles of automatic action shall be:
— 3 000 cycles for self-resetting thermal cut-outs,
— 300 cycles for non-self-resetting thermal cut-outs which can be reset by hand without

the use of a tool (see 6.11.10 of IEC 60730-1:2013),

— 300 cycles for non-self-resetting thermal cut-outs which can be reset when the
transformer is disconnected (see 6.11.10 of IEC 60730-1:2013),

— 30 cycles for non-self-resetting thermal cut-outs which can only be reset’by the dise
of a tool (see 6.11.11 of IEC 60730-1:2013).

Thermal cut-outs shall be designed to withstand electrical stresses acress their insulating
parts for a long period of time and shall be tested accordingly (see’ 6.14.2 of IEC 607B0-
1:2013).

The characteristics of thermal cut-outs with regard to:
— their ratings (see Clause 5 of IEC 60730-1:2013);
— their classification according to:
1) nature of supply (see 6.1 of IEC 60730-1:2013),
2) type of load to be controlled (see 6.2 of IE€60730-1:2013),

3) degree of protection provided by enclosures against ingress of solid objects gnd
dust (see 6.5.1 of IEC 60730-1:2013);

4) degree of protection provided by @nclosures against harmful ingress of water (see
6.5.2 of IEC 60730-1:2013),

5) pollution degree (see 6.5.3,0f IEC 60730-1:2013),

6) their comparative tracking‘index (see 6.13 of IEC 60730-1:2013), and

7) their maximum ambient temperature limit (see 6.7 of IEC 60730-1:2013),
shall be appropriate for>the application in the transformer under normal operating
conditions and under.fault conditions (e.g. short-circuit of the output terminals).
8.1.2 A thermaklcut-out when tested as part of a transformer shall:
have at leastimicro-interruption (type 1.C or type 2.C) or micro-disconnection (type 1.8 or
2.B) according to IEC 60730-1:2013;

be aged.for 300 h at a temperature corresponding to the ambient temperature of the thermal
cutsout when the transformer is operated under normal operating conditions at an ambient
temperature of 35 °C or, where relevant, (¢, + 10) °C;

be subjected to a number of cycles of automatic operation as specified under 20.8.1.1 for
thermal cut-outs tested as a separate component, by establishing the relevant fault
condition(s).

The tests are carried out on three samples.

NOTE A sample consists of a transformer with an incorporated thermal cut-out.

Compliance is checked by inspection and by the specified tests.

During the tests, no sustained arcing shall occur, and there shall be no damage from other
causes.
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After the tests, there shall be no damage to the thermal cut-out and the transformer in the
sense of this document, in particular, the enclosure shall not deteriorate, there shall be no
reduction of clearances and creepage distances, and no loosening of electrical connections
or mechanical securing means.

20.8.2 Thermal cut-outs shall have adequate breaking capacity.

20.8.2.1 A transformer with a non-self-resetting thermal cut-out is supplied at 1,1 times
rated input voltage and the output terminals are short-circuited until the thermal cut-out
operates. Then the supply voltage is switched off until the transformer cools down to
approximately the room temperature. The supply voltage is then switched on (the output
terminals still short-circuited).

This cycle of operation is carried out:

— |3 times at a room temperature of (25 + 10) °C for transformers without a t, ., marking;

— |3 times at minimum ambient temperature ¢ for transformers with a x marking.

amin amin

After the cycling test, the transformer is supplied at 1,1 times the rated supply voltage|for
48|h with the output terminals short-circuited.

20/8.2.2 A transformer with a self-resetting thermal cut-out is supplied at 1,1 times fhe
rated input voltage with the output terminals short-circuited:

This operation is carried out:

— |48 h at an ambient temperature of (25 + 10) C for transformers without a t,,;, marking;

— |24 h at an ambient temperature of (25 £,10) °C and 24 h at minimum ambient temperature

tamin fOr transformers with a t,,;, marking.

Compliance is checked by inspection @nd by the specified tests in the given order.
During these tests, no sustained arcing shall occur.

After the test, the transformer shall:

— |withstand the testof*Clause 18,
— |show no damdgein the sense of this document, and
— |be operational.

20/8.3 APTC resistor of indirect heating type is considered to be a non-self-resett|ng
thgrmat cut-out by this document.

Comptrarnce 1s thecked by the fotfowing test:

The transformer is supplied at 1,1 times the rated input voltage for 48 h (two days) with the
output terminals short-circuited.

— After 48 h, the transformer shall be allowed to cool down to approximately ambient
temperature; this test shall be repeated five times at the maximum ambient temperature
declared by the transformer manufacturer.

— The same test cycles shall be repeated, except at 0,9 times the rated input voltage and the
minimum ambient temperature declared by the transformer manufacturer.

During the part of the cycle where the transformer is under load, the PTC shall operate and
stay in high impedance position until the supply is switched off. At the end of the test, the
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transformer shall withstand the test of Clause 18, shall show no damage, and shall be

op

20

20

erational.

.9 Thermal-links shall be tested in one of the following two ways.

.9.1 The thermal-links, when tested as separate components, shall comply with the
requirements and tests of IEC 60691.

When a thermal link is tested according to IEC 60691, the following applies:

shIII be appropriate for the application under normal operating conditions,)and short-circuit §
overload conditions.

Compliance is checked according to the test specifications of IEC 60691, by inspection, &
melasurement.

20)9.2 The thermal-links when tested as part of a trapnsformer,:

Th

Th

WHere the thermal-link is not replaceable, the test is conducted on three new specimens.

Co

the electrical conditions (see 6.1 of IEC 60691:2015);
the thermal conditions (see 6.2 of IEC 60691:2015);
the ratings of the thermal-link (see 8 b) of IEC 60691:2015); and

suitability of the sealing compounds, and impregnating fluids or cleaning solvents (see §
of IEC 60691:2015)

shall be aged for 300 h at a temperature corresponding to the ambient temperature of
thermal-link when the transformer is operated under normal operating conditions at
ambient temperature of 35 °C or, when relevant, (¢, + 10) °C;

shall be subjected to the transformer_fault conditions which cause the thermal-link

of this document; and

shall be capable of withstanding\2 times the rated voltage across the disconnection, 3

2 times the rated voltage across the disconnection.

p thermal-link(isyreplaced, partially or completely, after each test.

mpliance is checked by inspection and by specified tests in the given order.

nd

nd

the
an

to

operate. There shall be no sustained ‘arcing during the tests, and no damage in the sense

nd

have an insulation resistance.of at least 0,2 MQ when measured with a DC voltage equal to

p test is conducted 3 times; no failure is allowed. This test is not applicable to fail-spfe
trapnsformers.

20.10 Self-resetting thermal protective devices shall not be used unless no mechanical,
electrical, or other hazards occur from their operation during and after the tests of this
document.

Co

mpliance is checked by inspection.

20.11 Thermal cut-outs intended to be reset by soldering operation shall not be used for
overload protection.

Co

mpliance is checked by inspection.

20.12 Overload protective devices shall not operate when the supply voltage is switched on.
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Compliance is checked by carrying out the following test.

The transformer, with no load, is supplied from a voltage source equal to 1,1 times the rated
supply voltage. The supply voltage is then switched on and off 20 times at intervals of
approximately 10 s or at a point on the voltage wave such that the inrush current is maximized.

The switching -on and -off may be carried out only twice if a device is used to switch on at the
most unfavourable electrical angle of the supply voltage.

The _supply source shall be such that the voltage drop does not exceed 2 % as a result of the
inrlish current.

NOTE This is not required for associated transformers.
21| Internal wiring

211 Internal wiring and electrical connections between different parts of-the transformer shall
be Jadequately protected or enclosed.

Wire-ways shall be smooth and free from sharp edges, burrs, flashes, etc. which may damage
theg insulation of conductors.

21J2 Openings in sheet metal through which insulated wires pass shall have rounded edﬂ;es
with a radius not less than 1,5 mm, or the openings shall'be provided with bushing of insulating
material.

21J3 Uninsulated conductors shall be so fixed\that their distance from one another and from
theg enclosure is adequately maintained.

Compliance with the requirements of 21:1 to 21.3 is checked by inspection.

21)4 Internal wiring shall not lopsen up when external wires are connected to the inpuf or
oufput terminals.

Compliance is checked by.inspection and by carrying out the test of 23.3.

21)5 Insulated comductors subject to temperatures exceeding the limitations in 14.1 unger
nofmal use shall beyprovided with heat-resistant and non-hygroscopic insulating materials.

Compliance-is checked by inspection and, if necessary, by carrying out additional tests; the
temperature-is determined during the test described in 14.1.

221 Supply connection and other external flexible cable or cords

22.1 All cables, flexible cords and connecting means referred to in this clause shall have
appropriate current and voltage ratings suitable for the ratings of the transformers to which
they are connected.

Compliance is checked by inspection.
22.2 Separate entries shall be provided for the input and output wiring.

Inlet and outlet openings for external wiring shall be so designed that the protective covering of
the cord can be introduced without risk of damage.
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Inlet and outlet openings for flexible cables or cords shall be of insulating material, or be
provided with bushing of insulating material which is substantially free from ageing effects under
conditions expected in service. The openings of bushings shall be so shaped as to prevent
damage to the cord.

Bushings for external wiring shall be reliably fixed, and shall be such that they are unlikely to
be damaged by the material in which they are mounted.

Bushings shall not be of natural rubber unless they form part of a cord guard (see 22.9).

NOTE These requirements do not preclude the use of removable bushings.

Compliance is checked by inspection.

22)3 Fixed transformers shall be so designed that, after the transformer has been fixed to
its support in the normal way, it shall be possible to connect the rigid or flexible‘conductorg of
theg external wiring.

Transformers other than those intended to be permanently connected to the fixed wiring may
be |provided with an appliance inlet on the input side.

The space for the wires inside the transformer shall be adeguate to allow the conductors to|be
easily introduced and connected, and the cover, if any, fitted without risk of damage to the
comductors or their insulation.

It ghall be possible to connect the external supply,\wires to terminals without their insulatjon
coming into contact with hazardous-live-parts of a‘different polarity, including live parts of the
output circuits.

Compliance is checked by inspection and\by an installation test with conductors of the larglest
cragss-sectional area corresponding to the rated connecting capacity of the terminals.

2213.101 Transformers shall be(designed for permanent connection.
22)4
This subclause of Part I is not applicable.
225
This subclause of Part 1 is not applicable.

2216

This subclause of Part 1 is not applicable.
22.7
This subclause of Part 1 is not applicable.

22.8 Each power supply cord of class | transformers shall have a green/yellow coloured
cord connected to the protective earthing terminal of the transformer and to the protective
earthing contact of the plug, if any.

Power supply cords of single-phase portable transformers having an input current at rated
output not exceeding 16 A shall be provided with plugs complying with IEC TR 60083 or
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IEC 60906-1. Other portable transformers may be provided with plugs complying with
IEC 60309 (all parts).

Compliance is checked by inspection.

22.9 External flexible cables or cords shall be attached to the transformer by type X, Y or
Z attachments unless otherwise specified in the relevant part of IEC 61558-2.

Compliance is checked by inspection and, if necessary, by manual test.

2219.1 Fortype Z attachments, moulding the enclosure of the transformer and the exterpal
flexible cable or cord together shall not affect the insulation of the cord.

Compliance is checked by inspection.

2219.2 Inlet openings shall be designed and shaped, or be provided with an inlet bushing sifich
that the protective covering of the external flexible cable or cord canche€ introduced withput
risk of damage.

The insulation between the conductor and the enclosure shall gonsist of the insulation of the
conmductor and, in addition:

— |[for class | transformers, at least basic insulation; and

— [for class Il transformers, at least double or reinforced insulation.

The sheath of an external flexible cable or cord €guivalent to at least that of a cord complyjng
with IEC 60227 (all parts) or IEC 60245 (all parts).is regarded as basic insulation.

A |ining or a bushing of insulating material in a metallic enclosure is only regarded|as
supplementary insulation if it complies\with the relevant requirements.

An|enclosure of insulating material*is regarded as reinforced insulation, in which case, {wo
separate insulations are not necéessary.

Compliance is checked by(inspection and by carrying out a manual test.

2219.3 Inlet bushings:shall:

— |be so shaped as to prevent damage to the external flexible cable or cord,;
— |be reliablyfixed;
— |not beXxemovable without the aid of a tool; and

— |net'be of natural rubber, except if it is an integral part of the rubber sheath of the exterpal
fleXible cable or cord for type X with a special cord, type Y and type Z attachments|for
class | transformers.

Compliance is checked by inspection and by carrying out a manual test.

22.9.4 Transformers provided with cords which are moved while in operation shall be
constructed so that the cord is adequately protected against excessive flexing where it enters
the transformer. Cord guards, if any, shall be of insulating material and be fixed in a reliable
manner.

Compliance is checked by carrying out the following test, which is conducted on an apparatus
having an oscillating member as shown in Figure 12.


https://iecnorm.com/api/?name=918757a13150adc615a06da765df47c3

- 94 - IEC 61558-2-15:2022 EXV © |[EC 2022

The part of the transformer comprising the cord entry, the cord guard, if any, and the external
flexible cable or cord is fixed to the oscillating member so that when the latter is at the middle
of its travel, the axis of the cord where it enters the cord guard or inlet is vertical and passes
through the axis of oscillation. The major axis of the section of flat cords shall be parallel to the
axis of oscillation.

The cord is loaded so that the force applied is:

10 N for cords having a cross-sectional area exceeding 0,75 mm?2; and
5 N for other cords.

Th

p distance A shown in Figure 12, between the axis of oscillation and the point where thée¢

guard enters the transformer, is adjusted so that when the oscillating member moves- over

ful

Th
the
10

NO

Th
fle

Du
ted

NO

Th

NO

NO
to t

range, the cord and load make the minimum lateral movement.

p oscillating member is moved through an angle of 90° (45° on either side of the vertic
number of flexings for type Z attachments shall be 20 000, and forother attachme
000. The rate of flexing shall be 60 / min.

[E 1 A flexing is one movement of 90°.

ings, unless a flat cord is fitted.

ring the test, the conductors are loaded with the maximum rated current of the circuit un
t, and at the rated voltage.

[E 2 Current is not passed through the protective earthing conductor.
b test shall not result in:

a short circuit between the conductors;

breakage of more than 10 % of the strands of any conductor;

separation of the conductor from the terminal;

loosening of any cord guatd;

damage, within the meaning of this document, to the cord or cord guard; and

broken strands piereing the insulation and becoming accessible.
[E 3 Conductorsiin¢lude protective earthing conductors.

['E 4 A shaorficircuit between conductors of the cord is considered to occur if the current exceeds a value e
ice the rated maximum current of the circuit in question.

b cord and its associated parts are turned through an angle 0f90° after half the number

Drd
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of
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Axis of oscillation.
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trapnsformers unless they have provisions for clamping all types and sizes of cables and co
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Adjustable

> 300 mm
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Figure 104 — Flexing test apparatus

9.5 Stationary transformers intended for use with external flexible cables or cords 2
rtable transformers shall be provided with cord anchorages for strain relief inclucﬂ
5ting where they are connectedhwithin the transformer, and for protection of the insula
he conductors against abrasion.

type X attachments,/glands shall not be used as cord anchorages in porta

ch might be used as external flexible cables or cords. Production methods, such
ulded-on designs;“tying the cord into a knot or tying the ends with string, are not allow
yrinths or similar means are permitted, provided it is clear how the external flexible ca
cord is tocbe-assembled.

type X attachments, the cord anchorage shall be so designed or located that:

nd
ing
jon

ble
rds
as,
ed;
ble

replacement of the cord is easily possible;

it is clear how strain relief and prevention of twisting are to be obtained;

it is suitable for connection of different types of cords, unless the transformer is designed

to accommodate only a specific type of cord;

the entire flexible cable or cord with its covering, if any, is capable of being mounted i
the cord anchorage;

nto

it does not damage the cord and is unlikely to be damaged when it is tightened or loosened

in normal use; and

the cord cannot touch the clamping screws of the cord anchorage if these screws are

accessible or in contact with accessible conductive parts.

For type X with a special cord, and type Y and Z attachments, the cores of the external
flexible cable or cord shall be insulated from accessible conductive parts by insulation
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complying with the requirements for basic insulation for class | transformers, and the

req

Thi

Co

Fo
Sui

uirements for supplementary insulation for class Il transformers.

s insulation may consist of:

a separate insulating barrier fixed to the cord anchorage;
a special lining fixed to the cord; or
for class | transformers, the sheath of a sheathed cord.

A [\
signed that:

SO

the replacement of the external flexible cable or cord does not impair compliancédwith this

document;

the entire flexible cable or cord with its covering, if any, is capable of being-mounted i
the cord anchorage;

it does not damage the cord and is unlikely to be damaged when it istightened or looser
in normal use; and

the cord cannot touch the clamping screws of the cord ancherage if these screws
accessible or in contact with accessible conductive parts;

mpliance is checked by inspection and by the following te'sts:

 type X attachments, except with a special cord; the transformer shall be fitted wit

hto

ed

are

h a

fable external flexible cable or cord. The conductors shall be introduced into the terminals,

shifting position. The cord anchorage shall be>used in the normal way, its clamping scre

tig

Th
se(
crg

Sp4

Fo
the

It 4
inté

Th

pu
for

anf the terminal screws, if any, shall be tightened/stufficiently to prevent the conductors fi

tened with a torque equal to two-thirds of that specified in Table 18.

b fests are first conducted with the lightest permissible type of cord of the smallest cro
tional area specified in Table 16.and then with the next heavier type of cord of the larg
ss-sectional area specified, unless the transformer is designed to accommodate onl
cific type of cord.

r type X with a special ¢ord, and type Y and Z attachments, the transformer is tested v
cord in place.

hall not be possible to push the cord into the transformer to the extent that the cordg
brnal parts of.the’transformer, could be damaged.

b cord shall then be subjected 25 times to a pull force of the value shown in Table 17. |
force-shall be applied in the most unfavourable direction without a jerking motion, each t
1s.

om
ws

est
V a

ith

-

or

"he
me

Immediately after the pull tests, the cord is subjected for 1 min to a torque of the value shown
in Table 17.

Table 117 — Pull and torque to be applied to external flexible cables or cords
fixed to stationary and portable transformers

Mass of transformer Pull Torque
kg N Nm
Up to and including 1 30 0,1
Over 1 up to and including 4 60 0,25
Over 4 100 0,35
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The cord shall not be damaged during the tests.

After the tests, the cord shall not be longitudinally displaced by more than 2 mm, and the
conductors shall not shift over a distance of more than 1 mm in the terminals, nor shall there
be appreciable strain at the connection.

Creepage distances and clearances shall not be reduced below the values specified in Clause
26.

Forthe measurement of the longitudinal displacement, a mark is made on the cord at a distance
of ppproximately 20 mm from the cord anchorage or other suitable point before starting the
tests.

After the tests, the displacement of the mark on the cord in relation to the cord anchoragg or
other point is measured, while the cord is still under the pull force.

2219.6 The space for the supply cables or the external flexible cable or,.cord provided insjde
for|the connection
a) | to fixed wiring and for type X and Y attachments shall be desighed to:

— permit checking the proper connection and positioning.-of‘the conductors prior to fitfing
of cover, if any;

— ensure the covers, if any, can be fitted without riskxof*damage to the conductors or their
insulation;

— prevent, for portable transformers, the un-ifsulated end of the conductor, should it pull
free from the terminal, from coming into ¢éontact with accessible conductive parts,
unless, for type X and Y attachments, the cord is provided with terminations that gre
unlikely to pull free from the conductor; and

b) | to fixed wiring and for type X attachments, in addition shall be:

— adequate to allow the conducters'to be easily introduced and connected; and

— designed such that covers, if any, giving access to terminals for external conductors ¢an
only be removed with the"aid of a tool.

Compliance is checked by/inspection and by manual tests.

23| Terminals forrexternal conductors

231 Transformers intended to be permanently connected to fixed wiring, and transformers
othler than these provided with external flexible cords with type Y or Z attachments shall|be
prqvided with terminals in which connection is made by means of screws, nuts or equally
effective devices.

Termimatstirat are armrintegral part of the transformer stratt compty wittr tEC 609991 under-the

conditions prevailing in the transformer.

Other terminals shall be:

— either separately checked according to IEC 60998-2-1, IEC 60998-2-2 or IEC 60947-7-1,
and used in accordance with their marking, or

— checked according to IEC 60999-1 under the conditions prevailing in the transformer.

For transformers with type X attachment, soldered connections may be used for external
conductors, provided that the conductor is so positioned or fixed that reliance is not placed
upon soldering alone to maintain the conductor in position, unless barriers are provided so that
creepage distances and clearances between hazardous-live-parts and other conductive
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parts cannot be reduced to less than 50 % of the values specified in Clause 26, should the
conductor break away at the soldered joint.

For transformers with type Y and Z attachments, soldered, welded, crimped and similar
connections may be used for external conductors.

For class Il transformers, the conductor shall be so positioned or fixed that reliance is not
placed upon soldering, crimping, or welding alone to maintain the conductor in position, unless
barriers are provided so that creepage distances and clearances between hazardous-live-
parts and other conductive parts cannot be reduced to less than 50 % of the values specified
in Clause 26, should the conductor break away at the soldered or welded joint, or slip out af the
crilmped connections.

NOTE In general, hooking-in before soldering is considered to be a suitable method for retaining the ,conductgr of
a flexible cable or cord in position, provided the hole through which the conductor is passed is notrunduly large.

23]2 Terminals for type X attachment with a special cord, and types Y and Z attachments
shall be suitable for their purpose.

Compliance with the requirements of 23.1 and 23.2 is checked by insSpection and by applying a
pull force of 5 N to the connection immediately before carrying out\the test of 14.1.

2313 Terminals, other than those with type Y or Z attachments, shall be so fixed that when
theg clamping means is tightened or loosened, the terminal dées not loosen up, internal wirjing
is ot subjected to stress, and creepage distances and clearances are not reduced below the
values specified in Clause 26.

23l4 Terminals, other than those with type Y ornZ attachments, shall be so designed that they
clamp the conductor between metallic surfaces’ with sufficient contact pressure, and withput
damage to the conductor.

Conpliance with the requirements ©f 23.3 and 23.4 is checked by inspection and |by
melasurement after fastening and loesening 10 times a conductor of the largest cross-sectional
arda corresponding to the rated.connecting capacity of the terminal, and the torque applied
shall be equal to two-thirds of the torque specified in Clause 25.

Seguring with sealing compounds without other means of clamping is not considered sufficignt.
However, self-hardening resins may be used to secure terminals that are not subject to torsjon
in mormal use.

2315 Terminglsiprovided for connection to fixed wiring, and terminals with type X attachment
shall be located near their associated terminals of different polarities and the protective earthjing
terminal, ifiany.

Compliance is checked by inspection.

23.6 Terminal blocks and similar devices shall not be accessible without the aid of a tool,
even if their hazardous-live-parts are not accessible.

Compliance is checked by inspection and by carrying out a manual test.

23.7 Terminals or terminations of transformers with type X attachment shall be so located
or shielded that, should a strand of wire from a stranded conductor pull out when the conductors
are fitted, there shall be no risk of accidental connection between live parts and accessible
conductive parts, and in case of class Il transformers, between live parts and conductive
parts separated from accessible conductive parts by supplementary insulation only.

Compliance is checked by inspection and by carrying out the following test.
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An 8-mm length of insulation is removed from the end of a flexible conductor having a nominal
cross-sectional area as specified in Clause 22. One strand of wire from the stranded conductor
is left free, and the other strands are fully inserted into the terminal and clamped in.

The free strand of wire is bent in every possible direction without making sharp bends round
barriers and without tearing the insulation back. The free strand of wire connected to a live
terminal shall not touch any accessible conductive parts. For class Il transformers, it shall
also not touch any conductive part separated from accessible conductive parts by basic or
supplementary insulation only. The free strand of wire from a conductor connected to an
earthing terminal shall not touch any hazardous-live-part.

2318 Terminals without pressure plate shall be provided with at least two clamping screwp if
theg current exceeds 25 A.

Compliance is checked by inspection.

23]9 Terminal screws, other than screws of terminals for the connection of protective earthjing
comductors shall not come into contact with any accessible conductive-parts. For clas£ 1
tra}nsformers, they shall also not touch any conductive parts separated from accessiple
comductive parts only by basic or supplementary insulation whemythe screws are loosened
up |as far as possible.

Compliance is checked by inspection during the test of 23.2:

24| Provisions for protective earthing

241 Accessible conductive parts of class | transformers which may become live in the event
of n insulation fault shall be permanently-.and reliably connected to a protective earthjing
terminal within the transformer.

Class Il transformers shall have noptovisions for protective earthing the transformer except
for|functional purposes.

Compliance is checked by inspection.

NOTE If accessible conductive parts are separated from hazardous-live-parts by a conductive screen connegted
to the protective earthing“terminal, or if they are separated from hazardous-live-parts by double insulation or
reinfforced insulation, they are not, for the purpose of this requirement, regarded as likely to become live in|the
eveht of an insulation(fault.

24)2 Protective earthing terminals for connection to fixed wiring, and protective earthjng
terminals with type X attachment shall comply with the requirements of Clause 23. Their
clampingsmeans shall be adequately locked against accidental loosening, and it shall not|be
possible-to loosen them without the aid of a tool.

Compliance is checked by inspection, by manual test and by the tests of Clause 23.

NOTE Some terminals, especially, the pillar types, can require special provisions, such as an adequately resilient
part not likely to be removed inadvertently.

24.3 All parts of the protective earthing terminal shall be such that there is no risk of corrosion
resulting from contact between these parts and the copper of the protective earthing conductor,
or any other metal that is in contact with these parts.

If the body of the protective earthing terminal is part of a frame or enclosure of aluminium or
aluminium alloy, precautions shall be taken to avoid the risk of corrosion resulting from contact
between copper and aluminium or its alloys.
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Compliance is checked by inspection.

The body of the protective earthing terminal shall be of brass or other metal not less resistant
to corrosion, unless it is a part of the metal frame or enclosure, in which case, the screw or nut
shall be of brass or other metal equally resistant to corrosion.

24.4 The connection between the protective earthing terminal and parts required to be
connected thereto shall be of low resistance.

Compliance is checked by the following test

A gqurrent derived from an AC source, having a no-load voltage not exceeding 12 V and eqlual
to 1,5 times the rated input current or to 25 A, whichever is greater, is passed for 1 min‘betwegen
the protective earthing terminal and each of the accessible conductive parts in tum.

NOTE 1 Rated input current is determined as the quotient of the rated output by the rated supply voltage, of for
polyphase transformers, by ./, times the rated supply voltage, n» being the number of phases.

The voltage drop between the protective earthing terminal and the accessible conductive part
is measured and the resistance calculated from the current and this-voltage drop.

In ho case shall the resistance exceed 0,1 Q.

In case of doubt, after 1 min, the test shall be conducted until steady-state conditions are
established.

NOTE 2 Care is taken to ensure that the contact resistance between the tip of the measuring probe and |the
confuctive part under test does not affect the test results.

NOTE 3 The resistance of the supply's flexible cable or cord, if used for convenience in the test, is not included in
the resistance measurement.

NOTE 4 The cores of IPO0 transformers are'considered to be not accessible.

24)5 For class | transformers<with external flexible cables or cords, the arrangemen{ of
thg terminals, or the length of'the conductors between the cord anchorage and the terminals,
shall be such that the current-carrying conductors are stretched before the protective earthjing
conductor if the cord pulls‘eut of the cord anchorage.

25| Screws andcconnections

25]1 Screwed-connections, electrical or otherwise, shall withstand the mechanical stresses
ocgurring«n_.normal use.

Screws-transmitting contact pressure, and screws which are likely to be tightened by the user

L R [ 4 1 41 fa¥ile) 1 1 At P
anagmave a nomimar aranteter 1ess tnal 2,0 MM, Snall SCrew rto metar:

Screws shall not be of soft metal liable to creep, such as, zinc or aluminium.
Screws of insulating material shall not be used for any electrical connection.

Screws shall not be of insulating material if their replacement by a metal screw could impair
basic insulation between input and output circuit, supplementary insulation, or reinforced
insulation, and the screws which may be removed when replacing a power supply cord shall
not be of insulating material if their replacement by a metal screw could impair basic insulation.

Compliance is checked by inspection and, for screws and nuts transmitting contact pressure or
which are likely to be tightened by the user, by the following test.
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The screws or nuts are tightened and loosened:

— 10 times for a screw in engagement with the threads of insulating material, and

— 5 times for nuts and other screws.

Screws in engagement with the threads of insulating material are completely removed and re-
inserted each time.

When testing terminal screws and nuts, a flexible cable or cord of the largest cross-sectional
area specified in Table 16 is placed in the terminal and it is repositioned before each tightening.

The test is conducted by means of a suitable test screwdriver, spanner or key, applying a\torque
as|shown in Table 18, the appropriate column shall be:
a) | for metal screws without heads, if the tightened screw does not protrude from\the hole |.. |
b) | for other metal screws and for NUES ............ccc.oviiiiiiiiiiiiiiiiieieeee e el i
c) |for screws of insulating material:

— having a hexagonal head with the dimension across flats exceeding the overall thread
diameter, or

— with a cylindrical head and a socket for a key, the socKet having a dimension acrpss
flats not less than 0,83 times the overall thread diameter; or

— with a head having a slot or cross slots, the length of which exceeds 1,5 times the ovefall
thread QiamELer..........oou i ) ettt i

d) | for other screws of insulating material ............. o\ oo 1

Table 118 — Torque to be applied to screws and connections

Nominal diameter of screw Torque
Nm
mm I 1] 1]
Up| to and including 2,8 0,2 0,4 0,4
Ovler 2,8 up to and including 3,0 0,25 0,5 0,5
Over 3,0 up to and including 3,2 0,3 0,6 0,6
Ovler 3,2 up to and including 3,6 0,4 0,8 0,6
Ovler 3,6 up to and including 4,1 0,7 1,2 0,6
Over 4,1 up to and including 4,7 0,8 1,8 0,9
Ovler 4,7 up to and-including 5,3 0,8 2,0 1,0
Ovler 5,3 up to'and including 6,0 - 2,5 1,25

The_conductor is withdrawn and inserted each time the fastener is loosened

During the test, no damage impairing further use of the screwed connections shall occur.

NOTE Screws or nuts likely to be tightened by the user include screws intended to be operated when replacing
power supply cords with type X attachment.

The blade of the test screwdriver shall fit the head of the screw to be tested. The screws and
nuts should be tightened without jerking motion.

25.2 Screws in engagement with a thread of insulating material shall have a length of
engagement of at least 3 mm plus one-third of the nominal screw diameter or 8 mm, whichever
is shorter.
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Proper introduction of the screw into the screw hole or nut shall be ensured.

Compliance is checked by inspection and by carrying out the test of 25.1, and the torque applied
shall be increased to 1,2 times the torque specified.

The requirement for the proper introduction is met if introduction of the screw in a slanting
manner is prevented (e.g., by guiding the screw using the part to be fixed, by a recess in the
female thread, or by the use of a screw with the leading thread removed).

itted
rial
to

compensate for any possible shrinkage or distortion of the insulating material.

25/4 Thread-forming screws (sheet metal screws) shall not be used for the connection of
cufrent-carrying parts, unless they clamp these parts directly in contact with<each other, and
arg provided with suitable locking means.

Thread-cutting (self-tapping) screws shall not be used for the connection of current-carryjing
pafts unless they generate a full form standard machine screw thrgad. Such screws shall njot,
hoyever, be used if they are likely to be operated by the user oriinstaller unless the thread is
formed in a length of material previously obtained by a swagingjaction.

Thread-cutting and thread-forming screws, when used toprovide protective earthing continuijity,
shall be such that it is not necessary to disturb the connection in normal use, and at least {wo
screws are used for each connection.

Compliance with the requirements of 25.3 and<25.4 is checked by inspection.

25)5 Screws making mechanical connections between different parts of the transformer s:l\all
be |locked against loosening if the conanection carries current or forms part of the protecfive
eafthing circuit.

RiVets used for current-carrying connections shall be locked against loosening if thg¢se
comnections are subject totersion in normal use.

Compliance is checked\by inspection and by carrying out a manual test.

NOTE 1 Spring washers and the like can provide satisfactory locking.
NOTE 2 For rivets, a non-circular shank or an appropriate notch can be sufficient.

NOTE 3 _Sealing compounds softening due to heat provide satisfactory locking only for screw connections |not
subjected to torsion in normal use.

25 Fad Q = / = haoll -l N £all H £ =
J LUIrcvwou HICIIIUO ITarT UUlllPl_y wirtrrurre IUIIUVVIIIH (T oL,

Screwed glands shall be fitted with a cylindrical metal rod having a diameter equal to the nearest
whole number of millimetres below the internal diameter of the packing. The glands shall then
be tightened by means of a suitable spanner, and the force shown in Table 19 shall be applied
to the spanner for 1 min at a point 2560 mm from the axis of the gland.
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Table 119 — Torque test on glands

Force
Diameter of test rod Metal glands Glands of moulded material
mm N N
Up to and including 14 25 15
Over 14 up to and including 20 30 20
Over 20 40 30

After the test, the transformer and the glands shall show no damage.

26

26

Cr

Creepage distances, clearances and distances through insulation

1 General

epage distances (CR), clearances (CL) and distances through instlation shall not be I

ESS

than the values shown in the relevant Table 20, Table 21 and Table 22 for the relevant insulating

majterial (see IEC 60664-1).
Compliance is checked by measurements under the provisiofis of 26.2 and 26.3.

NOTE 1 Table 20, Table 21 and Table 22 are only applicable for{frequencies up to and including 30 kHz.

Cr¢epage distances and clearances are measured, using the supply cable and cords

for

comnection to fixed wiring and those for type X.attachment with maximum and minimum sjize

conmductors corresponding to the rated connecting capacity of the terminal. For type X wit

sp

Wh
arg

NO
are

NO
givd

NO

Va
do
ex(

cial cord, Y or Z attachments, the supply’cable and cords as delivered are used.

ere layers of serrated tapes are used, the value for creepage distances and clearanc
determined as if the layers of sefration coincided with one another.

[E 2 Diagrams showing some examples of the methods of measurement of creepage distances and clearan
found in Annex A.

E 3 Diagrams showing.some examples of points of measurement of creepage distances and clearances
nin Annex P.

[E 4 Details of the tests necessary to determine the separation of material groups are given in Annex G.

ument, (shall be the same as unreduced values for live parts as in Table 20 and Table
ept ifthe printed wiring board complies with the requirements of IEC 60664-3.

N a

Les

ces

are

ues for pfinted wiring boards where failure may cause a hazard in the sense of this

21,

If t

Wuti lts in_hiat | : uctivi | for | | Luctive

dust, rain or snow, the creepage distances and clearances, as given for pollution degree 3,
shall be further increased with a minimum clearance of 1,6 mm and a value of X in Annex A of

4,0

26.
26.

mm.

2 Creepage distances and clearances

2.1 General

The creepage distance and clearance values are shown in Table 20 and Table 21.
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26.2.2 Windings covered with adhesive tape

For windings covered with an adhesive bonding tape adhering to the flanges of a coil former,
the values of creepage path are considered along the bonded surface of the adhesive bonding
tape. Reduced values are those stated for pollution degree 1 (P1), provided:

NO

Clearance values are not required.

26

Wh
cre

adhesive bonding tape in accordance with IEC 60454 (all parts), one layer.of adhesive bond

tap
pra

Th
Th

26
Fo

ins
1:2

NO

Th
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arg

all insulating materials are classified according to IEC 60085 and IEC 60216 (all parts);
the impulse voltage dielectric test of 6.1.2.2.1 of IEC 60664-1:2007 is fulfilled; and
the test A of 26.2.4 is fulfilled.

E AN explanation or the application oro.1.£.Z.T O TEL bU004-1TZUU/ Call De Tound In Annex K.

2.3 Uncemented insulationing parts

ere an insulation barrier consisting of an uncemented snap-on partition” wall is us
epage distances and clearance are measured through the joint. If the joint is covered

b values stated for pollution degree 1 (P1) do not apply.

2.4 Cemented insulating parts

ulation (DTI) apply. In this case, the impulse voltage dielectric test of 6.1.2.2.1 of IEC 606
007 shall also be fulfilled.

[E An explanation of the applicationf 6.1.2.2.1 of IEC 60664-1:2007 can be found in Annex R.

p materials used shall be .classified according to IEC 60085 and IEC 60216 (all parts).

brder to check whether the parts are adequately cemented or adhered, the following te
performed as appropriate:

Test A

Three specially prepared specimens with winding wires replaced by uninsulated wi
without any impregnation or potting are required. The windings shall be constructed st
that-there is no possible flashover between input and output windings anywhere ot
than-in the cemented joint to be tested.

ed,
by
ing

e is required on each side of the wall in order to reduce the risk ef.tape folding over durfing
duction.
p materials used shall be classified according to IEC 60085.and IEC 60216 (all parts).

transformers with cemented parts or parts adhered together, no minimum creepage
digtance and clearance are required through the joint. Only the values for distance throd

gh
54 -

sts
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her
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68 h at the highest winding temperature + 2 °C measured in normal use plus 10 K with a

minimum of 85 °C;
1hat(25+2) °C;
2 hat (02 °C;

1hat(25+2) °C.

Two of the three specimens shall then be subjected to the humidity treatment of 17.2 (4

8 h

treatment) and the relevant dielectric strength test of 18.3, except the test voltage is

multiplied by 1,35.

One of the three specimens shall be subjected to the relevant dielectric strength test of 18.3
immediately after the last period at the highest temperature during the thermal cycling test,

but with a test voltage multiplied by 1,35.


https://iecnorm.com/api/?name=918757a13150adc615a06da765df47c3

IEC 61558-2-15:2022 EXV © |[EC 2022 - 105 -

NOTE The test voltage applied to the specimens for cemented parts is higher than the normal test voltage in order
to ensure that a breakdown occurs if the surfaces are not cemented together.

26.2.5 Enclosed parts (e.g. by impregnation or potting)

26.2.5.1 For transformers with parts enclosed or hermetically sealed against ingress of dust
and moisture, and satisfying the following tests, the minimum required creepage distances
may be the reduced values as stated for pollution degree 1 (P1). In this case, the impulse
voltage dielectric test of 6.1.2.2.1 of IEC 60664-1:2007 shall also be fulfilled.

NOTE An explanation of the application of 6.1.2.2.1 of IEC 60664-1:2007 can be found in Annex R.

No|clearance values are required.
The materials used shall be classified according to IEC 60085 and IEC 60216 (all parts).

In prder to check whether the parts are adequately potted or impregnated, thefollowing tests
arg performed as appropriate:

e |TestB

To test the potting or the impregnation, three prepared specimensshall be used as folloys.
For components where potting or impregnation is used, the réeliability of the joint is checked
by subjecting the samples to the dielectric strength test applied only directly to the joint.

The specimens shall be subjected 10 times to the following’sequence of temperature cycles:

68 h at the highest winding temperature £ 2 °C measured in normal use plus 10 K with a
minimum of 85 °C;

1hat (25 2) °C;
2hat(0t2) °C;
1 h at (25 £ 2) °C.

During each thermal cycling test, a test voltage of 500 V or the working voltage, whicheyer
is the higher value, at 50 Hz or!60 Hz shall be applied to the specimens between fhe
windings where the reduced values apply.

Two of the three specimens shall then be subjected to the humidity treatment of 17.2 (48 h
treatment) and the relevantdielectric strength test of 18.3 conducted at a voltage multipfed
by 1,25.

One of the three specimens shall be subjected to the relevant dielectric strength test of 18.3
immediately at the-end of the last period at the highest temperature during the thermal
cycling test conducted at a voltage multiplied by 1,25.

26J2.5.2 Fortransformers with parts enclosed or hermetically sealed against ingress of dust
and moistlre, and satisfying the following tests, no minimum creepage distances and
cleprances*are required. Only the values for distance through insulation (DTI) apply. In this
cagethe'impulse voltage dielectric test of 6.1.2.2.1 of IEC 60664-1:2007 shall also be fulfilled.

NOTE An explanation of the application of 6.1.2.2.1 of IEC 60664-1:2007 can be found in Annex R.

In order to check whether the parts are adequately potted or impregnated, the following tests
shall be performed as appropriate:
o TestC

To test the potting or the impregnation three specimens shall be used.

For components where insulating compound forms solid insulation between conductive
parts, finished components shall be tested. There shall be neither cracks nor voids in the
insulating compounds.

The specimens shall be subjected 10 times to the following sequence of temperature cycles:
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68 h at the highest winding temperature + 2 °C measured in normal use plus 10 K with a

minimum of 85 °C;
1hat(25+2) °C;
2 hat(0+2)°C;

1hat(25+2) °C.

During each thermal cycling test, a test voltage of 500 V or the working voltage, whichever
is the higher value, at 50 Hz or 60 Hz shall be applied to the specimens between the

windings where the reduced values apply.

h

26

26
rei

Th
(al

NO
test

Th
dis

soljd or thin sheet insulation plus a specified‘clearance distance.

26
cla
ins
for

is fulfilled.

hforced insulation only as shown in Table 22.

b insulation shall fulfil either the material classification as given in IEC 60085 and IEC 602

ALO. thao roa-_onacimanc opra by nf-nd to-thao maiclifv, tranfmnant r\F 47 ’) ‘/4

of th thao ia hy
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treatment) and the relevant dielectric strength test of 18.3 conducted at a voltage multip
by 1,35.

One of the three specimens shall be subjected to the relevant dielectric strength‘test of 1
immediately at the end of the last period at highest temperature during the thermal cyc
test conducted at a voltage multiplied by 1,35.

3 Distance through insulation

3.1 The distances through insulation (DTI) are required for supplementary, double

parts) or the test of 14.3.

[E The material is considered as having adequate mechanical’strength and resistance to ageing if it fulfils
of 14.3.

e requirements concerning distance through insulation (DTI) do not imply that the prescrik
fance shall be through solid or thin sheet insulation only. It may consist of the thickness

3.2 In case of solid insulation; the required values are specified in the Table 22.

ksified materials in accordance te IEC 60085 and IEC 60216 (all parts), distances throt
ulation multiplied by 0,4 with a'minimum of 0,2 mm for reinforced insulation and of 0,1 nm

supplementary insulation\fer working voltage above 25 V may be used if the test of 1

jed

8.3
ing

or

the

ed
of

For

gh
1.3

as

2643.3 In the case of.insulation constructed of thin sheets of insulated material, the insulafjion
shall be such that at every place, there is at least the required number of layers and the DTI
follows:

if the layérs-are non separable (glued together):

e 3dayers are required;

o thee entire composite sheet shall fulfil the mandrel test of 26.3.4 with a pull force of (1

50

+10) N:

e the required values for DTI of thin layers in Table 22;
if the layers are separated:

e 2 layers are required; for separated serrated layers, one additional layer is requi
(serrated tape) plus one layer without serration fixed (e.g. adhesive);

e each layer shall fulfil the mandrel test of 26.3.4 with a pull force of (50 £ 5) N;
e the required values for DTI of thin layers in Table 22;

if the layers are separated (alternative):

red

o at least 3 layers are required; for separated serrated layers, one additional layer is

required (serrated tape) plus one layer without serration fixed (e.g. adhesive);
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e two-thirds of the number of layers shall fulfil the mandrel test of 26.3.4 with a pull force
of (100 £ 5) N;

e the required values for DTI of thin layers in Table 22.

Additional layers are required in case of use of serrated layers because it is assumed that
different layers of serration can coincide with one another.

For classified materials in accordance to IEC 60085 and IEC 60216 (all parts), no requirements
for distances through insulation are required if the test of 14.3 is fulfilled.

The required values of Table 22 for thin layers shall be used as follows:

— |for transformers having a rated output greater than 100 VA, the values for_thin layers
apply;
— |for transformers having a rated output of 25 VA up to and including 100"\VA, the valyes
for thin layers may be reduced to two-thirds of their value;

— |for transformers having a rated output of less than 25 VA, the figures in values for thin
layers may be reduced to one-third of their value.

26J3.4 For the mandrel test, three separate test specimens of thin sheets (70 = 0,5) mm in
width shall be supplied by the manufacturer.

The test shall be performed by fixing the specimens of thin sheets on a mandrel made of nidkel
plated steel or brass with smooth surface finish as shown)in Figure 13.

A metal foil (aluminium or copper) 0,035 mm + 0005 mm thick shall be placed closely to the
sufface of the specimen and subjected to a pullsferce of (1 £ 0,1) N. The metal foil shall be|so
pogsitioned that its borders are 20 mm away from the borders of the specimen, and when {he
malndrel is in its final position, it covers the-eédges upon which the specimen is lying by at lefast
10\mm.

The specimen is held in place at its-free end by an appropriate clamping device and subjecfed
to:

— |a pull force of (150 £ 10)-Nfor a specimen consisting of several non separable layers;

— |a pull force of (100 £.5)-N for a specimen consisting of 2/3 the number of separated laygers
(serrated or not); ahd

— |a pull force of £60/+ 5) N for a specimen consisting of a single layer (serrated or not).

The mandrel shall be slowly rotated forwards and backwards 3 times for 230° without jerking
maotion. If thel Specimen breaks at the clamping device during the rotation, the test shall|be
redeated.\If-one or more specimens break at any other place, the test is not fulfilled. While fhe
mandrel is in its final position, within a minute following the final positioning, a dielectric strength
test voltage shall be applied for 1 min as described in 18.3 between the mandrel and the me¢tal

[ £ ll .
fol ado TUINUwWoO.

— a test voltage of at least 5 kV or the applicable test voltage of 18.3 multiplied by 1,35 for a
specimen consisting of several non separable layers (at least 3 layers), whichever is greater;

— a test voltage of at least 5 kV or the applicable test voltage of 18.3 multiplied by 1,25 for a
specimen consisting of 2/3 of the number of at least 3 separated layers, whichever is
greater;

— a test voltage of at least 5 kV or the applicable test voltage of 18.3 multiplied by 1,25 for a
specimen consisting of one layer of the number of 2 separated layers, whichever is greater.

No flashover or breakdown shall occur during the test, and corona effects and similar
phenomena shall be disregarded.
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100 £0,5

Dimensions in millimetres

— Side view

R=0,5 10,1\

Partial section

50 0,5

Each side

Material: corrosion-resistant metal

Figure 13a — Mandrel

a) Initial
Fixing system

|

Metal foil

Insulating-material

Fixing system

Figure 13b — Position of mandrel

Metal foil

b) Final

R =0,510,02

S
+
N
7
60°+0,5°
—— Partial top view'
IEC

Dimensions in millimgtres

—Metal foil

(10 £5)° i
(1 £0,1) N

\/
Pull force

IEC

Dimensions in millimgtres

Insulating material —+——

20 0,5 30 £0,5

70 +0,5

IEC

Figure 13c — Position of metal foil on paper

Figure 105 — Test arrangement for checking mechanical withstanding
of insulating materials in thin sheet layers
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Table 120 — Clearances in mm

Working voltage [V]
Overvoltage | Insulation of the | Pollution
category conductive part degree 225 100 150 300 600 1000
<50
P1 - - - - - -
Basic insulation P2 0,2 0,2 0,2 0,5 1,5 3,0
P3 0,8 0,8 0,8 0,8 1,5 3,0
P1 - - - - - -
ovc i S Ly P2 0,2 0,2 0,2 0.5 1,5 3,0
insulation P’) r\‘Q n’Q n’Q r\‘Q 4"12 ’2’1'\
Double or P1 > = = > = :
reinforced P2 0,2 0,2 0,5 1,5 3,0 6.5
insulation P3 0,8 0,8 0,8 1,5 3,0 5,5
P1 - - - - - -
Basic insulation P2 0,2 0,2 0,5 1,5 3,0 55
P3 0,8 0,8 0,8 1,5 3,0 5,5
P1 - - - - - -
ovc Ii SLEETEN P2 0,2 0,2 0.5 1,5 3,0 55
P3 0,8 0,8 0,8 1,5 3,0 5,5
Double or P1 = = = C = =
reinforced P2 0,2 0,5 1,5 3,0 5,5 8,0
insulation P3 0,8 0,8 1,5 3,0 5,5 8,0
P1 - - - - - -
Basic insulation P2 0,2 0,5 1,5 3,0 5,5 8,0
P3 0,8 0,8 1.5 3,0 5,5 8,0
P1 - - - - - -
ovC Il SLETEn Cy P2 0,2 0,5 1,5 3,0 5,5 8,0
P3 0,8 0,8 1,5 3,0 5,5 8,0
Double or P1 = = = = = =
reinforced P2 0,5 1,5 3,0 585 8,0 14,0
insulation P3 0,8 1,5 3,0 5,5 8,0 14,0
P1 ~ - - - - -
Basic insulation P2 0,5 1,5 3,0 5,5 8,0 14,0
P3 0,8 1,5 3,0 515 8,0 14,0
P1 - - - - - -
pVC IV S“f’n‘;'ﬁgteig:]ary P2 0,5 1,5 3,0 55 8,0 14,0
RS 0,8 1,5 3,0 515 8,0 14,0
Double or P1 > = = > = =
reinforced P2 1,5 3,0 5,5 8,0 14,0 25,0
insulation P3 1,5 3,0 5,5 8,0 14,0 25,0
Fof functional insulation no clearances are required
Values of clearances _may not be interpolated between the values in the table.
No|values for clearances are required for working voltages below 25 V AC or 60 V DC as the dielectric strendth
test of Table 14.is;eonsidered sufficient.
These values do not apply:
— |inside each winding or between groups of windings intended to be permanently connected together, provided
that the termination of windings to be connected together are at the same potential,
— lLwhere the working voltage does not exceed 300V and the winding wires comply at least with grade 1 of

IEC 60317 (all parts), if only the windings are intended to be connected in a series or parallel arrangement (e.g.
input voltage 115/ 230 V).

For insulation between SELV circuits and adjacent circuits other than SELV or PELV, the insulation shall fulfil
the requirements of double or reinforced insulation (according to 19.1).

NOTE 1 When a numeric figure is replaced by a dash in a column of the table it means that no value is required
NOTE 2 P1 = pollution degree 1; P2 = pollution degree 2; P3 = pollution degree 3.

NOTE 3 The minimum values for clearances in this table are applicable in air up to 2 000 m above sea level. For
higher values use IEC 60664-1:2007 Table A.2
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Table 121 — Creepage distances in mm

Material Working voltage [V]
group Insulatio_n of the | Pollution > 25
(CTlvalue) conductive part degree ; % 100 150 300 600 1000
P1 0,18 0,25 0,3 0,7 1,7 3,2
Basic insulation P2 0,6 0,7 0,8 1,5 3,0 5,5
P3 1,5 1,8 2,0 3,9 7,7 12,5
| SN P1 0,18 0,25 0,3 0,7 1,7 3,2
(CTL= 600) nsulation P2 e T o 15 Sy 2
P3 T,5 T.8 Z,0 3,9 7,7 12,5
Double or P1 0,25 0,4 0,7 1,7 4,0 755
reinforced P2 0,7 1,0 1,6 3,0 6,0 10,0
insulation P3 1,8 2,5 4,2 7,7 16,0 25,0
P1 0,18 0,25 0,3 0,7 12 3,2
Basic insulation P2 0,9 1,0 1,1 2,1 4,3 7.1
P3 1,7 2,0 2,2 4,2 8,6 14,0
I Supplementary P1 0,18 0,25 0,3 0,7 1,7 3,2
(490 < CTI < insulation P2 0,9 1,0 1,1 2,1 4,3 7.1
600) P3 1,7 2,0 2,2 4.2 8,6 14,0
Double or P1 0,25 0,4 0,7 1,7 4,0 7,5
reinforced P2 1,0 1,4 2,0 4,3 8,6 14,0
insulation P3 2,0 2,8 402 8,6 17,2 28,0
P1 0,18 0,25 0,3 0,7 1,7 3,2
Basic insulation P2 1,2 1,4 1,6 3,0 6,0 10,0
P3 1,9 2,2 2,5 4,7 9,5 16,0
llla Supplementary P1 0,18 0425 0,3 0,7 1,7 3,2
(175 = CTI el P2 1,2 1,4 1,6 3,0 6,0 10,0
< 400) P3 1,9 2,2 2,5 4,7 9,5 16,0
Double or P1 0,25 0,4 0,7 1,7 4,0 7,5
reinforced P2 1,4 2,0 3,0 6,0 12,0 20,0
insulation P3 2,2 3,0 4,7 9,5 19,2 32,0
P1 0,18 0,25 0,3 0,7 1,7 3,2
Basic insulation P2 1,2 1,4 1,6 3,0 6,0 10,0
b P3 1,9 2,2 2,5 4,7 9,5 16,0
P 0,18 0,25 0,3 0,7 1,7 3,2
(boscTi< | Supplementary P2 1,2 1,4 1,6 3,0 6,0 10,0
insulation
175) P3 1,9 2,2 2,5 4,7 9,5 16,0
Double or P1 0,36 0,5 0,7 1,7 4,0 7,5
reinforeed P2 2,4 2,8 3,2 6,0 12,0 20,0
insulation P3 3,8 4,4 5,0 9,5 19,2 32,0
For functional insulation no creepage distance values are required.
Values of creepage distances may be found for intermediate values of working voltages by linear interpolatign
befween the yalues in the table.
No|values_for-creepage distances are required for working voltages below 25 V AC or 60 V DC as the dielecfric
strength'test of Table 14 is considered sufficient.
Thesénalues do not apply:
— inside each winding or between groups of windings intended to be permanently connected together, provided

that the termination of windings to be connected together are at the same potential,

— where the working voltage does not exceed 300 V and the winding wires comply at least with grade 1 of
IEC 60317 (all parts), if only the windings are intended to be connected in a series or parallel arrangement (e.g.
input voltage 115/ 230 V).

For insulation between SELV circuits and adjacent circuits other than SELV or PELV, the insulation shall fulfil
the requirements of double or reinforced insulation (according to 19.1).

NOTE 1 When a numeric figure is replaced by a dash in a column of the table it means that no value is required.
NOTE 2 P1 = pollution degree 1 P2 = pollution degree 2 P3 = pollution degree 3.
Creepage distances shall not become less than the clearances.

Material group Illb (100 < CTI < 175) is not recommended for application in pollution degree 3 above 630 V

An explanation for the determination of the comparative tracking indices (CTl) defined in IEC 60112 is given in
Annex G.
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Table 122 — Distance through insulation in mm

Working voltage [V]
Insulation of the
conductive part 2 100 150 300 600 1000
solid - = - - - -
Basic insulation thin ) ) _ ) ) )
layers
solid 0,1 0,15 0,25 0,5 0,75 1,0
Sunnlamantary
insulation | 44 0,05 0,05 0,08 0,15 0,2 0,25
ayers
solid 0,2 0,3 0,5 1,0 1,5 2,0
Dpuble or reinforced -
insulation | 44 0,1 0,1 0,15 0,3 0.4 0,5
ayers

Fg
V4

inferpolation between the values in the table.

r functional insulation no distance through insulation (DTI) is required.

lues of distance through insulation (DTI) may be found for intermediate values of working voltages by lineg

=

Ng¢ values for distances through insulation are required for working voltages befow-25 V AC or 60 V DC as the¢

diglectric strength test of Table 14 is considered sufficient.

THese values do not apply:

— | inside each winding or between groups of windings intended to be pérmanently connected together, provided
that determination of windings to be connected together are at thé.same potential,

— | where the working voltage does not exceed 300 V and the winding wires comply at least with grade 1|of
IEC 60317 (all parts), if only the windings are intended to_ be*connected in a series or parallel arrangemgnt
(e.g. input voltage 115/ 230 V).

Fqr insulation between SELV circuits and adjacent citcuits other than SELV or PELV, the insulation shall fulfjl

the requirements of double or reinforced insulation (according to 19.1).

NQTE 1 When a numeric figure is replaced by asdash in a column of the table it means that no value is requirgd

When double insulation is required between-input and output windings, the total thickness through insulatign

shlall be measured directly or via metals parts;’with the exception of insulated wires (see 19.12).

NOTE 2 In case of a physical breakdown of the basic insulation or supplementary insulation, the thicknelss

of|the insulation is added to the cleatance.

A freduction of these values is allowed in the case of different layers according to clause 26.3.3.
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Table 123 — Creepage distances and clearance between terminals for external
connection

Working voltage [V]

Current values

clearance between terminals or

the connection of external cables
and cords excluding those >6 and < 16 5,0 6,0 7,0 10,0 13,0 16,0

[A] 225
<50 100 150 300 600 1000
Creepage distances and <6 3,0 3,6 4,0 6,0 9,0 12,5

between screw terminals for input
T

and for output >16 10,0 11,0 12,0 14,0 17,0 20,

N

N
st

th

vdltages by linear interpolation between the values in the table.

THese values do not apply:

Fqgr insulation between SELV circuits and adjacent circuits other tham\SELV or PELV, the insulation shall fulf

DTE 1 Values of clearances and creepage distances may be found for intermediate values of worki

DTE 2 No values for clearances are required for working voltages below 25 V AC or 60 V DC\as the dielect|
ength test of Table 14 is considered sufficient.

inside each winding or between groups of windings intended to be permanently conn€cted together, provid
that the termination of windings to be connected together are at the same potential,

where the working voltage does not exceed 300 V and the winding wiresscomply at least with grade 1

(e.g. input voltage 115/ 230 V).

b requirements of double or reinforced insulation (according to 19.1).

IEC 60317 (all parts), if only the windings are intended to be connected'ifiya series or parallel arrangemgnt

i

C

14
o

of

26

To

68

minimum of 85 °C;

1h
2h
1h
Du

the
wh

Tw

3.5 For transformers with FIW wires the following test is required:

h at the highest winding temperature + 2 °C measured in normal use plus 10 K wit

at (25 % 2) °C;
at (0 + 2) °C;
at (25 % 2) °C.

ring each thermal cycling test, a test voltage of 500 V or the working voltage, whicheve

bre the redliced values apply.

tre

test the FIW-winding at the final transformer, three specimens shall be used. The speciméns
shall be subjected 10 times to the followirigsequence of temperature cycles:

ris

higher valae,~at 50 Hz or 60 Hz shall be applied to the specimens between the windings

0 of the three specimens are then subjected to the humidity treatment of 17.2 (48 h

htment) and the relevant dielectric strength test of 18.3.

One of the three specimens shall be subjected to the relevant dielectric strength test of 18.3
immediately at the end of the last period at highest temperature during the thermal cycling test.

The partial discharge test shall be done at the end of the cycling test at normal room
temperature as performed in 18.3.1.

NOTE The minimal value depends on the of diameter increase at the temperature of 180°C. The voltage values are
valid for all diameters of the FIW grade. The specimen has to withstand the dielectric strength test voltage for at
least 60 s.

The values of allowed voltage strength for other FIW dimensions than defined in Table 24 are
calculated according following formula:
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Ug = (dy — dgy) * U, x 0,85 x 103
dy is the minimum overall diameter [mm];

dc, is the nominal conductor diameter (copper diameter) [mm];

U, is the minimum characteristical breakdown voltage [V/pm];

Us s the allowed dielectric strength voltage for FIW [V] (duration of 60 s).
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Resistance to heat, fire and tracking

1 General

For components previously tested in accordance with their relevant IEC standards, the
requirements and tests having the same level of severity as the requirements and tests of this
document, the following tests may be omitted.

27.

2 Resistance to heat

27
A

Th
ac(

Co
ac(

Th
vo

Th

NO
Th
(5

Aft
to

2.1 General

parts of the transformer made of insulating material shall be resistant to heat.

e following tests do not apply to parts made of natural or synthetic rubber thdt)shall be tes
ording to 19.9. Additionally the tests do not apply to parts made of ceramic material.

ording to 27.2.2 and 27.2.3 as appropriate by means of the apparatus shown in Figure 1

p fest is not carried out for cables and small connectors with-a rated current <3 A and a ra
fage <24 V AC or <60 V DC and a power not exceedingiZ2”W.

p test shall be performed in a heating cabinet at a témperature specified below.

[E Details of the ball pressure test procedure are described in IEC 60695-10-2.

p surface of the part to be tested shall be_placed in a horizontal position and a steel ba
t 0,05) mm diameter shall be pressed against the surface with a force of (20 £ 0,2) N.

er 1 h, the ball is removed from the(pecimen, and the specimen is cooled down, within 1
approximately ambient temperature by immersion in cold water. The diameter of

impression caused by the ball is*tneasured and shall not exceed 2 mm.

Dimensions in millimg

ted

mpliance is checked by subjecting parts made of insulating materialsto a ball-pressure tiest

4.

fed

of

) S,
the

tres

27.

7 SR 2,0 £U,U20
Specimen

Figure 106 — Ball-pressure apparatus

2.2 External accessible parts

External accessible parts of insulating materials shall be resistant to heat.

Compliance is checked by the following test.

The test is carried out at a temperature of (70 £ 2) °C, or at a temperature of (T + 151 2) °C
where T is the temperature of the relevant part during the test of 14.1, whichever is higher.
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The temperature of the relevant part shall be measured at the hottest point, normally, occurring
inside the enclosure.

NOTE The constant 15 °C is the safety margin.
27.2.3 Internal parts

Internal parts of insulating material retaining current carrying parts in position shall be resistant
to heat.

CC nliapneon o ocbhanlead b tha follovaina fact
TTETTaTCCTo-CTTCORC OOyt CTOmOwWITTg tCOt

The test shall be performed at a temperature of (125 + 2) °C, or at a tempeftature| of
(T 15 £ 2) °C where T is the temperature of the relevant part during the test of 14. 1, \whicheyer
is higher.

NOTE 1 The constant 15 °C is the safety margin.

NOTE 2 The test is not conducted on parts of ceramic material, bobbins, or glass.
27)3 Resistance to abnormal heat under fault conditions

2713.1 Transformers with protection index IP20 or higher, ander fault conditions, shall hot
acfl as a source of ignition, and the insulation between/the windings shall not result| in
brdakdown; moreover, hazardous-live-parts shall not becaccessible.

Compliance is checked by the tests of 27.3.2 and 27:3.3. This test is not required on fail-safe
trapsformers as they are covered by 15.5.

For this test, one or two additional specially prepared specimens is (are) required. A short-
cir¢uit in the winding(s) shall either be builtiin, or made possible by short-circuiting the leads
comnected to the winding(s) provided bythe manufacturer.

If the transformer is provided with a thermal protective device in the input circuit, the short-
cir¢uit shall be introduced in the ‘output winding and vice versa.

If the transformer is provided with a thermal protective device in both the input and output
cirpuits, the short-circuit shall be introduced in each winding in two separate specimens.

The short-circuit shal¥be made in the middle of the winding. In case of more than two windings,
the short-circuitishall be introduced in the winding being thermally farthest away from fhe
thgrmal control:

The percentage of turns to be short-circuited shall be approximately equal to the short-cirquit
voltage-expressed as a percentage of the rated supply voltage. The specimen with the short-
circuit'shall then be checked as follows

The unloaded transformer shall be supplied at 1,1 times the rated input voltage at ambient
temperature and the input power (W) measured shall be equal to the value of the rated output
with a tolerance of £20 %. During the measurement, no adjustments shall be made.

27.3.2 Portable transformers shall be placed on a dull black painted plywood support as
described in 14.1.1.

Stationary transformers, not designed to be built in, shall be mounted in the most
unfavourable position under normal use to a dull black painted plywood support as described
in 14.1.1. When the most unfavourable position of use is vertical or on the ceiling, the
stationary transformer and the support are placed in this position (200 + 5) mm above a piece
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of white pinewood board, approximately 10 mm thick, covered with a single layer of tissue
paper.

For this test, the input circuit shall be protected by a fuse or circuit-breaker with a rated current
10 times the rated current of the transformer, but at least 16 A.

The transformer, with its protective devices when applicable, shall be tested as specified above
for 15 days but without load. The result shall be a definitive interruption in the circuit. If no
definitive interruption occurs after this period, the supply is switched off.

Fof transformers with self-resettable protective devices, all the protective devices are_short-
cir¢uited.

If the non-self-resettable or replaceable protective device, if any, interrupts the] circuit, fhe
supply shall be switched off and the transformer shall be left to cool down for\2 h. Then fhe
prdtective device shall be reset or replaced, and the supply shall be switchedn-until the device
interrupts the circuit or an interruption in the transformer occurs. If no ‘interruption in the
trapnsformer occurs, 30 cycles shall be conducted in the case of resettable protective devices,
or |10 cycles in the case of replaceable devices. Each cycle consists of supplying the
trapsformer until the protective device interrupts the circuit and thepower remains switched
off|for 2 h.

During the test, no flames shall occur, and the transformer.shall not act as a source of ignitL'on
for|the surroundings. The temperature of the support shall not exceed 125 °C. If stationary
trapnsformers are placed in a vertical position or on the céiling, burning drops, if any, shall hot
ignilite the tissue paper or scorch the pinewood board.

27)3.3 After the test of 27.3.2 and after coaling down to ambient temperature, the following
applies.

a) | Transformers where a definitive interruption in the input circuit has occurred shall
withstand a dielectric strength test;;the test voltage being 35 % of the values according to
Table 14 of Clause 18.

b) | Transformers where no definitive interruption has occurred after the cycling test shall
withstand the test voltages according to Table 14 of Clause 18.

Transformers with protection index IP20 and higher shall not allow the standard test fingef to
touch hazardous-live-parts without appreciable force. In case of doubt, contact with
hatzardous-live-parts is shown by means of an electrical contact indicator, the voltage being
nol less than 40 V._If one specimen does not pass the test, the complete test has failed.

27/4 Resjstance to fire

27/4.1 ( General

All
of fire.

This requirement does not apply to decorative trims, knobs and other parts not likely to be
ignited or to propagate flames originating from inside the transformer.

Compliance is checked by subjecting parts made of insulating materials to the glow-wire test,
specified in IEC 60695-2-10 and amended in Annex E of this document.

The test shall be performed on a complete transformer. If this is not possible, a suitable
specimen of the part to be tested shall be used.
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If necessary, parts of an enclosure can be removed or a suitable specimen can be cut off to
perform the test. However, care shall be taken to ensure that the standard test conditions are
not significantly different from those occurring in normal use, with regard to shape, ventilation,
effects of thermal stresses and of possible flames, burning droplets or glowing particles falling
in the vicinity of the specimen.

Any flame or glowing of the specimen shall extinguish within 30 s of withdrawing the glow-wire.
Burning or molten drops, if any, shall not ignite the tissue paper, as specified in IEC 60695-2-
10:2013 (ISO 4046-4:2016), spread out horizontally as a single layer (200 £ 5) mm below the
specimen.

On

additional specimens and both shall pass the test.

27

Ex{

Co
glo

No

27
Pa

Co
the

y one specimen shall be tested. In case of inconclusive results, the test is repeated'on’1

4.2 External accessible parts

ernal parts of insulating materials shall be resistant to ignition and spread-of fire.

mpliance is checked by subjecting enclosures and other external ‘accessible parts to
w-wire test with the temperature of the glow wire as follows:
650 °C for enclosures;

650 °C for parts retaining current carrying (keeping i position) parts in position 3§
terminals for external conductors which carry a currentup to 0,2 A during normal operati

750 °C for parts retaining (keeping in position)‘«current carrying parts in position 4
terminals for external conductors with fixed ,connection (e.g., soldering) which carry
current exceeding 0,2 A during normal operation;

850 °C for parts retaining (keeping in p@sition) current carrying parts in position 3§
0,2 A during normal operation.

glow wire tests are required for foils' in thin sheet form with a thickness of up to 0,2 mm.

4.3 Internal parts

mpliance is checked by subjecting the parts of insulating materials to the glow-wire test v
temperaturevofthe glow wire as follows:

550 °C(forinternal insulating material not retaining (not keeping in position) current carry
partssin.position;

650 °C for coil formers (bobbins);

terminals for external conductors with non=fixed connection which carry a current exceedj

wo

the

'ts of insulating materials*retaining (keeping in position) current carrying parts in position
shall be resistant to ignition and spread of fire.

ith

ing

No

00U "G 1Or parts retaining (Keeping In position) current carrying parts 1 pPosSItion

nd

terminals for external conductors which carry a current up to 0,2 A during normal operation;

750 °C for parts retaining (keeping in position) current carrying parts in position and
terminals for external conductors with fixed connection (e.g., soldering) which carry a

current exceeding 0,2 A during normal operation;

850 °C for parts retaining (keeping in position) current carrying parts in position and
terminals for external conductors with non fixed connection which carry a current exceeding

0,2 A during normal operation.

glow wire tests are required for foils in thin sheet form with a thickness of up to 0,2 mm.
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27.5 Resistance to tracking

For transformers with an IP rating other than IPXO0, insulating parts retaining current carrying
parts in position shall have resistance to tracking corresponding to at least material group Illb
if they are exposed to pollution degree 3.

Material group Illb (100 < CTI < 175) is not recommended for application in pollution degree 3
above 630 V

For materials other than ceramics, compliance is checked by the tests of Annex G.

No

28

Fe

ade¢quately protected against rusting.

Th

coating of varnish is deemed to be adequate.

Co

All
10
in

pa
of

Aft
(10

NO

flashover or breakdown between electrodes shall occur before a total of 50 drops has\fal

Resistance to rusting

rous parts, the rusting of which might cause the transformer to become-unsafe, shall

s requirement applies to the outer surfaces of iron cores, in which case, protection b

mpliance is checked by inspection and, in case of doubt, by the following test.

grease shall be removed from the parts to be tested by immersion in trichloroethane
min. The parts shall then be immersed for 10 minJn a 10 % solution of ammonium chlor
water at a temperature of (20 £ 5) °C. Without drying, but after shaking off any drops,
ts shall be placed for 10 min in a box containing air saturated with moisture at a temperat|
20 £ 5) °C.

er all the parts have been dried for 10 min in a heating cabinet at a temperature
0 £ 5) °C; their surfaces shall shaw-ho signs of rust.

[E Traces of rust on sharp edges(and any yellowish film removable by rubbing are ignored.

be

y a

for

ide

the
Lre

of
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Annex A
(normative)

Measurement of creepage distances and clearances

The widths X of grooves specified in Figure A.1 to Figure A.8 apply to all examples as a function
of the pollution degree as follows:

Table A.1 — Width of groove values depending on the pollution degree

Pollution degree Width X of grooves'
minimum values
mm
1 0,25
2 1,0
3 1,5
NQTE |If the associated clearance is less than 3 mm, the minimum groove width can _be’reduced to one-third|of
this distance.

The dimension X, specified in the examples A.1 to A.8 has a minimum value depending on the
polfution degree according to Table A.1.

The methods of measuring creepage distances and-clearances are indicated in Figure A.1 to

Figure A.8. These cases do not differentiate between gaps and grooves or between typeg of
inspulation.

The following assumptions are made:

— |any recess is assumed to be bridged with an insulating link having a length equal to fthe
specified width X and being placéd in the most unfavourable position (see Figure A.3);

— |where the distance across agroove is equal to or larger than the specified width X, the
creepage distance is measured along the contours of the groove (see Figure A.2);

— |creepage distances and'clearances, measured between parts which can assume different
positions in relation ‘to each other, are measured when these parts are in their most
unfavourable position.

————— Clearance mrmnnone - Creepage distance
—— <X f———
T e e e T T T T T e
Condition: Path under consideration includes a parallel or converging sided groove of any depth with a width of

less than X mm.

Rule: Creepage distance and clearance are measured directly across the groove as shown above.

Figure A.1 — Example 1
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Creepage distance

IEC

ort-

r of

Condition: Path under consideration includes a parallel sided groove of any depth and equal to or more than
X mm wide.
Rulg: Clearance is the "line of sight" distance. Creepage path follows the contour of the groove.
Figure A.2 — Example 2
————— Clearance memmennee Creepage distance
™ R
VI
o
Tl
A g
o
Vatetele!
S IEC
Condition: Path under consideration includes a V-shaped groove,with an internal angle of less than 80° arj
width greater than X mm.
Rulg: Clearance is the "line of sight" distance. Creepage jpath follows the contour of the groove but "sh
circuits" the bottom of the groove by a length oféX mm.
Figure'A.3 — Example 3
————— Clearance Creepage distance
IEC
Corpdition: Path under consideration includes a rib.
Rulg: Clearance is the shortest direct air path over the top of the rib. Creepage path follows the conto(
the rib.

Figure A.4 — Example 4
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————— Clearance Zrnononeh - Creepage distance

IEC
Cordition: Path under consideration includes an uncemented joint with grooves less than X mm wide-on_either
side.
Rulg: Creepage distance and clearance path is the "line of sight" distance shown.
Figure A.5 — Example 5
————— Clearance mrmennen - Greepage distance
X X
o — -—-n--l---';-l-—q--r-—- — — —
IEC
Cordition: Path under consideration includes an‘uncemented joint with grooves equal to or more than X mm wide
on each side.
Rulg: Clearance path is the "line of-sight" distance. Creepage follows the contour of the groove.

Figure A.6 — Example 6
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————— Clearance Zrnononeh - Creepage distance

i IEC

Gap between head of screw and wall of recess wide enough to be taken into accoyni:

Figure A.7 — Example 7

————— Clearance Zemmnhnoneh Creepage distance

i IEC

Gap between head of screw and wall of recess too narrow to be taken into account.

Figure A.8 — Example 8
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Annex B
(normative)

Testing a series of transformers

B.1 General

The requirements of this annex are intended to facilitate the testing of a series of transformers.

If a

Transformers can be considered as a series if:

a)

b)

c)

Va
all

B.:

Th

they are of the same family, this meaning that they are covered by the 'same part
IEC 61558-2;

they are of the same construction, implying that:

material,

2) the same type of winding technology has been used (fér example concentric or f{
chambers, same insulation system),

encapsulated type, impregnated, potted, etc.),

cut-out, etc.),
5) they are of the same frequency range;
they are designed for the same minimum~and maximum ambient temperatures.

pther respects with the rules detailed above:

input voltage range;

output voltage range;

number of tapping and/or windings;

supply frequency-in‘the declared frequency range;
rated output.

P Requirements

shalhbé:

e number of samples needed in case of testing a series of transformers as defined abc

iations in the following parameters_ ate permitted, provided that the transformers comply i

series of transformers is to be tested, the number of samples to be tested may be reduced.

of

1) they have lamination or core from the same pattern range-and made of the same

WO

3) the same assembling technology has been used (for example open type, enclosed type,

4) the same type of protection against overload.has been used (for example fuses, thermal

pve

a) for parameters 1) 2) and 3): two samples minimum and not more than four, chosen in order

to be sure that they represent the most unfavourable situation in the family to be tested;
The samples should be chosen according to the following rules:

— one of the lowest rated output, with the highest voltages and the lowest number
tappings;

— one of the highest rated output, with the lowest voltages and the lowest number
tappings;

— one of the lowest rated output, with the highest number of tappings with the high
voltage difference between adjacent windings;

— one of the medium rated output, with medium voltages and medium number of tappin

of

of

est

gs;
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— one of the highest rated output, with the lowest voltages and the highest number
windings.

When only two samples are chosen the first two alternatives should be used.

22

of

b) for parameter 4): one sample of the lowest supply frequency and, in case of doubt, one

c)

sample of the highest supply frequency within the range;
If possible, the sample may be the second sample chosen for parameters 1), 2) and 3).
for parameter 5): two samples minimum, taken from the extremities of the range.

The samples should be chosen according to the following rules:

To

deglare the type in the series having the maximum losses“in“normal condition; this type s

be

Th

Th

A
cle

—

Th

.3 Constructional inspection

protective device, if any;

protective device, if any;
and core;

enclosure.

chosen as one of the samples to be tested.
p conditions above may be covered by a minimdmvof two samples.

b number of specimens for each sample shall’be in accordance with 5.2, except for:

series, the samples being the two first of parameter 5;
series, the samples being thétwo first of parameter 5;

type being chosen.

least one specimen of each lamination or core size shall be provided for constructio
prances,.mechanical strength, etc.

e samples required in B.3 shall include the samples used in B.2.

be sure that in any case the most unfavourable situation. is.covered, the manufacturer small

— one of the lowest rated output, with the highest difference in percentage between fhe
value of the current of the transformer and the value of the current of the rélevant

— one of the highest rated output, with the highest difference in percentagerbetween the
value of the current of the transformer and the value of the current-of)the relevpnt

— one sample representing the most unfavourable condition of the temperature of windjng

— one sample representing the most unfavourable condition ofs/the temperature rise of the

all

the test of 14.3 where only two samples of three specimens in total are needed for the
the test of 15.5 where only two~samples of three specimens in total are needed for the

the test of 16.4 where only_three specimens in total are needed for the series, the heaviest

nal
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Annex C

(void)
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Annex D

(void)
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Annex E
(normative)

Glow-wire test

E.1 General

The glow-wire test is carried out in accordance with IEC 60695-2-10 and IEC 60695-2-11.

Fo

the purpose of this document, the following applies with reference to the relevant clau

and subclauses of IEC 60695-2-11.

E.Z

Th
ten

E.3

Th
pre

Th
fol

u/f
na

) Severity

b requirements of 8.2, “Test temperatures” of IEC 60695-2-11:2014 apply, except that
nperature of the tip of the glow-wire is that stated in 27.4 of this document.

3 Conditioning

b requirements of Clause 7, “Conditioning”, of ~\IEC 60695-2-11:2014 apply,
conditioning is required.

.4 Test procedure

b requirements of Clause 8, “Test procedure”, of IEC 60695-2-11:2014 apply with
owing addition to 8.1:

row recesses or sharp edges.”

possible, the tip of the glow-wire js<applied to flat surfaces and not to grooves, knock-ol

pES

the

but

fhe
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Annex F
(normative)

Requirements for manually operated switches
which are parts of transformers assembly

General

nually operated mechanical switches shall comply with the requirements of F.2 or F.3.

Switches tested as a separate component

b switch, tested as a separate component, shall comply with the requirements and tests
61058-1:2016, modified as follows:

7.9: the switch shall be suitable for use in the relevant pollution degree situation;
7.11.3: the switch shall be resistant to 850 °C glow wire temperature regarding
resistance to heat and fire.

addition, the characteristics of the switches as_described in IEC 61058-1:2016 shall
propriate for the function of the switches under normal operating conditions with regard t
Clause 6: the rating of the switches;

The classification of the switches according to:

— 7.1: nature of supply;

— 7.2: type of load to be controlled by the switches;

— 7.3: ambient air temperature.

en into account as specified in F.3.3.

mpliance is checked by inspection and by measurements according to test specifications
[ 61058-1.

Switches tested as part of the transformer

ied

of

the

be

=4

ne switch energises or de-énergises the socket-outlet(s) in the secondary circuit, the rafed
oufput current and the rated peak surge current of the socket-outlet(s) of Table F.1 shall

be

of

conditions, shall meet the requwements ofF 3 2 F. 3 3 and F.3.4.

F.3.2 The switch shall withstand without excessive wear or other harmful effects the electrical,
thermal and mechanical stresses that occur in normal use, and shall have a mechanism
complying with Clause 13 of IEC 61058-1:2016 for switches.

Compliance is checked according to Clause 13 of IEC 61058-1:2016 and by the following
endurance test:

The switch is subjected to 10 000 cycles of operation with a sequence according to 17.1.2
of IEC 61058-1-1:2016, except the increased voltage test at accelerated speed specified in
17.5.1 of IEC 610568-1-1:2016, and under electrical and thermal conditions given by the normal
operating conditions of the apparatus.
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The test is carried out on three specimens, no failure is allowed.

F.3.3

If the switch energises or de-energises the socket-outlet(s) in the secondary circuit,

the endurance test is carried out with an additional load connected to the socket-outlet(s),
consisting of the circuit shown in Figure 8 of IEC 61058-1:2016, taking into account Figure 10
of IEC 61058-1:2016.

The rated current I of the additional load shall correspond to the marking of the socket outlet(s)
(see item d) of 8.1). The peak surge current of the additional load shall have a value as shown

in Table F.1.
Table F.1 — Peak surge current of additional loads
Rated current 7 of the socket-outlet(s) Peak surge current
A A
10,5 20
0,5<7<1,0 50
1,0<1 100
If the socket-outlet(s) is/are marked with the current whichmay be drawn, this/these valug

is/8

If t

the

Aft

Co

in 1

F.3

no
ad

pa
de

Co
to
out

sh
dijtances and no loosening of electrical,connections with mechanical fixing.

an]i the performance of the switch are not adversely affected by its oxidation or ot
e

re chosen for the rated current 7 of the socket-outlet(s).

he socket-outlet(s) is/are marked with the power,which may be drawn, the rated curren
socket-outlet(s) is calculated from this/these value(s).

br the test, the switch shall show no damage”in the sense of this document. In particula

of

it

I show no deterioration of its enclesure, no reduction of clearances and creepdgge

mpliance is checked by inspectioniand by the tests specified in F.3.4 and F.3.5, respective
he given order.

.4 The switch shall be so constructed that it does not attain excessive temperatureg
mal use. The materials Used shall be such that the performance of the switch is (are)
ersely affected by.the operation in normal use in the conditions given by the apparatus

:/y,

in
hot
In

ticular, the matefial and design of the contacts and terminals shall be such that the operaffion

rioration.

mpliance-is checked in the "ON" position under normal operating conditions and accord
16.4. e) and q) of IEC 61058-1:2016, taking into account the rated current of the soch

ner

ng
et-

let(s), if any, including the peak surge current according to Clause F.3.

F.3.5 The switch shall have adequate dielectric strength.

Compliance is checked by the following tests:

The switch shall withstand a dielectric strength test as specified in 18.3, without being
previously subjected to the humidity treatment, the test voltage being decreased to 75 % of the
corresponding test voltage specified in that subclause, but not less than 500 V RMS (700 V
peak).

The test voltage is applied in the "ON" position between hazardous-live-parts and

accessible conductive parts, and, in addition, between the poles in case of a multip
switch.

ole
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— The test voltage is applied in the "OFF" position across each contact gap. During the test,
resistors and capacitors in parallel to a contact gap may be disconnected.
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Annex G
(normative)

Tracking test

G.1 General

The tracking tests on the transformers are carried out in accordance with IEC 60112 as follows.

Fo
tra

Se
tra

Th
coll
po

new specimen.

Fo

subclauses of IEC 60112.

G.

Th
req

G

Th
1E(

G.4

.3 Test apparatus

cking index (CTI) values, as follows:

)

material group Il 400 < (CTI) < 600;
material group lIlla 175 < (CTI) < 400;
material group Illb 100 < (CTI) < 175.

material group | 600 < (CTI

baration of the material groups is (are) determined by compliance with the comparat
Cking index test made in accordance with IEC 60112.

b test is made on three separate specimens or on three pieces cut from the relev
nponent, care being taken that the electrodes are clean, correctly shaped and corre
Sitioned before each test is started. In case of doubt the test is repeated, if necessary, o

 the purpose of this document, the following applies with reference to the clauses a

P Test specimen

b requirements of Clause 5. Test specimen”, of IEC 60112:2003 apply except the thickn
uirement of at least 3 mm,

p requirements of Clause 7 “Test apparatus”, with the test solution A as described in 7.3
L 60112:2003 shall be used.

i  Procedure

the purpose of this document, materials are classified into four groups by their comparatlive

ive

ant
Ctly
n a

nd

D

SS

of

The requirements of Clause 8 “Basic test procedure”, of IEC 60112:2003 applies except that:

for the CTI test of Clause 11, the Note 3 and last paragraph of Clause 5 also applies;
Clause 10 does not apply.
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Annex H
(normative)

Electronic circuits

This Annex of Part 1 is not applicable.
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Annex |
(informative)

Dimensions for rectangular cross-section connectors
of transformers, basic dimensions and coordination

If the dimension 4 in the Table I.1 is not higher than 400 mm, the size of the rectangular cut
surface cross-section shall be at least 50 % of the cross-section value for the winding wire or

foil

Wh
ac(

alu
wir

Th

en the size 4 in the Table 1.1 is higher than 400 mm, the dimension parameters shall
ording to DIN 43671 for copper rectangular cross-section connectors, DIN 43670

aIuI:inium rectangular cross-section connectors and DIN 43670 part 2 for copper, cladd

inium cross-section connectors or at least equal to the cross-section value forithe wind
e or foil.

b current-density of the rectangular cross-section connector shall not exceed 4,0 A/mm?Z2. 1

dinpensions and mounting holes of the attachment surface shall conformywith the values sta

in

Fo

[able |.1.

higher current values or by constructional reasons, rectangular cross-section connect

can be used in parallel connection if the same value of the.6ross-section dimension is met.

NO
mef

Th

Cco

Ta

[E These values can be reduced when the rectangular crgss-Section connectors are cooled by additi
hods and the attachment is ensured. Methods are for exampfée\liquid cooling.

b rectangular cross-section connectors shalkthave sufficient mechanical strength to ayv

comtortion or breaking away caused, for example, by high short-circuit currents and

nection with a bunched conductor.

ble 1.1 is only necessary to ensure the connection with busbars.

be
for

ing
ing

'he

fed

pors

nal

oid
the
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. . Current A B C D E F Mounting
el A mm mm mm mm mm mm Screws
y <145 15 12 6 5,5 M5
<215 18 15 7,5 6,6 M6
4 O
dC < 365 23 20 10 9 M8
N O <430 28 25 12,5 11 M10
- - — -+ / /
~.E " < 760 35 30 15 11 M10
N C < 950 45 40 20 13,5 M12
IEC
-
L[®)
§C
15
~E "R <1130 85 50 20 13,5 40 / M12
L
2
N
IEC
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Dimensions Current A B C D E F Mounting
[A] [mm] [mm)] [mm] [mm] [mm] [mm] Screws
A
g)
(=] I Q . < |
E D el <1 305 65 60 17 13,5 26 26 M12
L
X
N E C
N ~
IEC
<1645 85 80 20 13,5 40 40 M12
\\ 4 <1975 85 100 20 13,5 40 50 M12
N
315,
BE =21
£ @ @ <2305 | 8 | 120 | 20 4135 | 40 60 M12
N
N
N
\.\ E C
IEC
A <2940 85 160 20 13,5 40 40 M12
N
N
N
N
NOD
N
&
)
121%,
Ol —="— =1 |
@ @ < 3 565 85 200 20 13,5 40 50 M12
&
& &
E C
IEC

NOTE 1 For aluminium rectangular cross-section connectors, the value for the current can be reduced to 78 %

of the specified value.

NOTE 2 For copper cladding aluminium rectangular cross-section connectors the value for the current can be

reduced to 83 % of the specified value.
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Annex J
(normative)

Measuring network for touch-currents

R r[ Cs

A O
15000 u L 0224F
Test terminals 10 KQ 0,1 %
]
L 1
Ry
B 500 Q _ 0,022 uF | S
)
V = voltmeter IEC
Sodyrce: Figure 4 of IEC 60990:2016.
Trye RMS reading Input capacitance: < 200 pF
Unjcertainty: <2% Supply fregquency range: 15 Hz to 1 MHz

Ingqut resistance: 0,1 MQ

Figure J.1 — Measuring network for touch-current
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Annex K
(normative)

Insulated winding wires

K.1 General

This annex specifies the winding wires of the insulation that may be used to provide basic
. . : : . : : : : nd

If t

ween 0,05 mm and 5,0 mm and solid square and solid rectangular (flatwise bending) wind
es with equivalent cross-sectional areas (0,002 mm?2 to 19,6 mm?2).

he wire is insulated with two or more spirally wrapped layers of tapesthe overlap of lay

sh
Th
amjount of overlap.

K.

K.

The winding wire shall pass the following type testsi.carried out at a temperature between 15

an

sta

sur
wit

.2.2.2 Square or rectangular wires

ponents. For details of the construction, see 19.12.3.

s annex applies to solid circular winding wires and stranded winding wires having,diametgers

Il be adequate to ensure continued overlap during manufacture ofythe wound compone

ing

ers
nt.

layers of spirally wrapped wire insulation shall be sufficientlyvsecured to maintain the

Type tests

| General

35 °C and a relative humidity between 25,%.and 75 %, unless otherwise specified.

.2 Dielectric strength test
.21 Solid circular winding wires and stranded winding wires

b test sample is prepared accerding to 4.4.1 of IEC 60851-5:2008 (twisted pair). The sam|
hen subjected to the dielectric strength test of 18.3 in this document with a test volta
ndard, with a minimum ,of:

6 kV RMS for reinfarced insulation, or

3 kV RMS for basic insulation or supplementary insulation.

b test .Sample is prepared according to 4.7.1 of IEC 60851-5:2008 (single conduc
rounded by metal shots). The sample is then subjected to the dielectric strength test of 1§
h @ minimum test voltage of:

ple
ge

tor
.3,

5,5 kV RMS for reinforced insulation, or
2,75 kV RMS for basic insulation or supplementary insulation.

K.2.3 Flexibility and adherence

The mandrel winding test 5.1 (in Test 8) of IEC 60851-3:2009 shall be used, with the mandrel

dia

meters of Table K.1. The test voltage is applied between the wire and the mandrel.

The test sample is then examined in accordance with 5.1.1.4 of IEC 60851-3:2009, followed by
the dielectric strength test of 18.3, with minimum test voltage of:

5,5 kV RMS for reinforced insulation, or
2,75 kV RMS for basic insulation or supplementary insulation.
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The test voltage is applied between the wire and the mandrel.

Table K.1 — Mandrel diameter

Nominal conductor diameter or thickness 2 Mandrel diameter
mm mm
<0,35 4,0+0,2
< 0,50 6,0 0,2
<075 80+02
< 2,50 10,0 £ 0,2
< 5,00 4 times the conductor diameter or thickrie$s'®
2 | Up to but excluding this value.
b | In accordance with IEC 60317-43.

The tension to be applied to the wire during winding on the mandrel isCealculated from the wire
diameter to be equivalent to 118 MPa, with a relative tolerance of #10 %, (118 N/mm?2, with a
relative tolerance of £10 %).

Edgewise bending on the smaller dimension side (width) is<hot required for rectangular wjre.
Fof mandrel winding test of the square and rectangular wire, two adjacent turns do not need to
contact each other.

K.2.4 Heat shock

The test sample shall be prepared in accordance with 3.2.1 (in Test 9) of IEC 60851-6:2012,
followed by the dielectric strength test of 18.3, with a minimum test voltage of:

— |5,5 kV RMS or for reinforced insulation, or
— |2,75 kV RMS for basic insulation-or supplementary insulation.

The test voltage is applied bétween the wire and the mandrel. The oven temperature is the
relgevant temperature of the-thermal class of insulation in Table K.2. The mandrel diameter gnd
tension applied to the wiresduring winding on the mandrel are as in Table K.1. The test voltage
is applied between thetwire and the mandrel.

The dielectric strength test is conducted at room temperature after removal from the oven.

Table K.2 — Oven temperature

Thermalclass Class 105 Class 120 Class 130 Class 155 Class 180
(A) (E) (B) (F) (H)
Oven
temperature 200 215 225 250 275
“C

Edgewise bending on the smaller dimension side (width) is not required for rectangular wire.

NOTE 3.2.2in Test 9 of IEC 60851-6:2012 is not used for solid square and solid rectangular winding wires.
K.2.5 Retention of dielectric strength after bending

Five samples are prepared as in K.2.3 and tested as follows. Each sample is removed from the
mandrel, placed in a container and positioned so that it can be surrounded by at least 5 mm of
metal shot. The ends of the conductor in the sample shall be sufficiently long to avoid flash
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over. The shot shall be not more than 2 mm in diameter and shall consist of balls of stainless
steel, nickel or nickel plated iron. The shot is gently poured into the container until the sample
under test is covered by at least 5 mm of shot. The shot shall be cleaned periodically with a
Suitable solvent.

NOTE The above test procedure is reproduced from 4.6.1 c) of IEC 60851-5:1988 but is not included in the fourth

edit

ion (2008) of that standard.

The samples shall be subjected to the dielectric strength test of 18.3, with a minimum test
voltage of:

Th
Cls

K.3

Th
ma

K.3

Th
wit

K.3
K.3

Tw
Vo

.3 Testing during manufacturing

.3.3.2 Square or rectangular wire

5,5 kV RMS for reinforced insulation, or
2,75 kV RMS for basic insulation or supplementary insulation.

b mandrel diameter and tension applied to the wire during winding on the mandrel are a:
use K.2.3.

| General

b wire shall be subjected by the wire manufacturer to ,dielectric strength tests dun
nufacture as specified in K.3.2 and K.3.3.

.2 Routine test

h a minimum of:

4,2 kV RMS for reinforced insulation, or

2,1 kV RMS for basic insulation or supplementary insulation.

fage shall be in accordance with the dielectric strength test of 18.3, with a minimum of:

6 kV RMS for reinforced insulation, or

3 kV RMS for. basic insulation or supplementary insulation.

b test,'sample is prepared according to 4.7.1 of IEC 60851-5:2008. The sample is tf

p fest voltage for routine test shall be in accordance with the dielectric strength test of 18§.

5 in

ing

3 Sampling test
3.1 Solid circular winding wires and stranded winding wires
isted pair samples shall be tested in accordance with 4.4.1 of IEC 60851-5:2008. The fest

hen
fhe

jected to the dielectric strength test of 18.3. The test voltage shall be in accordance with

5,5 kV RMS for reinforced insulation, or
3 kV RMS for basic insulation or supplementary insulation.
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Annex L
(normative)

Routine tests (production tests)

General

The tests specified in this annex are intended to reveal, as far as safety is concerned,
unacceptable variations in material or manufacture These tests are intended not to impair the

prg
ea
on

Th

Fu

perties and the reliability of the transformer, and shall be made by the manufacturer|on
h transformer after production. The inspection is to check that the following is asceftained
100 % of the products by the manufacturer production system.

bse tests should be carried out at the temperature of the production line.

ther tests may have to be made to ensure that every transformer, is ‘conform with the

Sp

theg manufacturer.

Th
m

degree of safety.

L.2

Fo

of

Du
oc(

conmductive parts.

L.3

voILage not exceeding 12 V, is passed in turncbetween the protective earthing terminal and each

cimens that withstood the tests of this document, depending on the.experience gained|by

routine tests shall in principle be carried out at the end of the production. However tir;:ﬂy
be carried out at an earlier stage if it can be shown that the procedure provides the same

Protective earthing continuity test

class | transformers, a current of at least 10 A, derived from a source with a no-l¢ad

ccessible conductive parts which have to be earthed for safety reasons.

Fing this test, no interruption of the.connections or substantial decrease of the current shall
ur between the protective earthing terminal and the relevant accessible metal part

Checking of no-load output voltage

Th
m

by the relevant'part of IEC 61558-2.

L.

e no-load output-voltage shall comply with the declared value and tolerance stated by the
nufacturer and shall in addition not exceed the maximum no-load output voltage requifed

Dielectric strength test

The test is made in accordance with Table 14 at ambient temperature and without the humidity
treatment of 17.2.

The specified test voltage is applied for 1 s.

The tests are made between:

a)
b)

No

live parts of the input circuits and accessible conductive parts of the transformer;

input circuits and output circuits.

flashover or breakdown shall occur during the test.
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Additional tests may be required for high insulation level transformers and separating
transformers with working voltage above 1 000 V.

L.5 Checking of protective devices mounting

The operation of a protection device, if any, shall not be prevented by incorrect mounting of the
device in the transformer.

Compliance is checked by inspection.

L.@ Visual inspection

Vigual inspection shall ensure that all required and relevant markings are provided.

L.7 Repetition test after routine dielectric strength test

Any repetitions test for the dielectric strength test shall be 80 % agcording to Table 14 of the
required test voltage value.

L.101 Checking of the short-circuit voltage

The short-circuit voltage shall not exceed the marked value.

L.102 Checking of the no-load input current

The no-load input current shall not exceed 3 % of the rated input current.

L.103 Checking of the inrushcurrent

The inrush current shall notexceed 8 times the peak value of the rated input current or the
marked value on the label{ifany.

Compliance is checked*by Subclause 13.103.
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Annex M
(informative)

Examples to be used as a guide for 19.1

M.1 General

The examples of Figure M.1, Figure M.2, Figure M.3, Figure M.4 and Figure M.5 can be used
as a guide for 19.1.

Key
R One piece of specified thickness or at least three layers of tape. CR creepage distance

R[* One piece of specified thickness plus an adhesive tape or an insulation CL clearance
insert or at least three layers of tape plus, for example, an adhesive tape

or at least four layers of serrated tape B basic ipsulation

supplementary

1 A tube of a specified thickness for supplementary insulation or at least : i
insulation

three layers of tape (see Clause 26).

2 Formed part of thickness as specified for supplementary insulation in R reinforced insulation or
Clause 26 double insulation

3| Last turn of winding prevented from being displaced. For example/s -+  inputor first winding

adhesive bonding tape or a bonding agent. 0 output or second winding

M. Coil-former

M.2.1 Concentric type

Tubular One single More than one Coil-former with
—] | ] —] T
Bzl A [ 7
N R w)| 21N | N
(@] X _& &
N

(R)

o 2%
|

‘ ()]
RN
%_

¢w

fo
A
e}

(S

(R) R) 1 (R) S, N
S| N
| e | 1 B | | A=
Insulation insert \
Distance piece
IEC IEC IEC IE
Class I (Il) Class I (Il) Class I/ Class I (Il)

Figure M.1 — Examples for concentric type constructions
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M.2.2 Side-by-side type

Tubular One single More than one
— —— —
(R)
Bl ! ! !
Insulation insert
CR k/u iR 1|, CR ;l
) ] ———|CR
1 2 = -
R 2
SIL o 0 0
|| [ [
IEC IEC IEC
Class | (ll) Class I/ Class I/

Figure M.2 — Examples for side-by-side type constructions

M.B  Windings

M.3.1 Without screen

/LCR c/ni w;) / i@m

7 / /
- / e
o [ R) ! e | ®
20 - r°

Adhesive bending  Z [ | — 71— Bz =

(R) (R) \g
s

* (0] CR
% (_)w $<E_| : /@OCD @DON

Figure M.3 — Examples for winding constructions without screen

O y i /
» . nserted < I
7 %7 %C W/% IT:
Class I (Il) Class I (Il)
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CR CR
2y
- — %
o [ 1 o [ %%
%
(5) (E) (Fse) . '(E) %
| B LS B IS LB P

g ol L j / \§ | ‘%_ Inserted
. .
,%_ -~ CR 7
i 7 7 _

Input or output winding wrapped Input and output winding wrapped

IEC

IEC
Class I (Il) Class h(ll)

Figure M.4 — Examples for wrapped winding constructions

M.3.2 With screen

CR CR

el %
) / Ny
B
0 b %
N ° i
B
.
%
s sl |si [
s
° diggil ° ! O* % Screen
T 7
/V i//’//’/ﬂ % /// Zé /}/ é Adhesive tape
Eart_hing . Ea;ing IHC
Class | Class |

Figure M.5 — Examples for winding constructions with screen

NOTE, “For class Il constructions the abbreviations are given in brackets.
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Annex N
(informative)

Examples for checking points of dielectric strength test voltages

Figure N.1, Figure N.2 and Figure N.3 are specified for a separating transformer according to
IEC 61558-2-1.

Explanation of test voltage value requirements for different types of insulation using the example of a separating
transformer (see 19.1.3):

> functional insulation (e.g. for polyfilar windings according to Table 20, Table 21 and Table 22)

D basic insulation

*
basic insulation (for the level of the applied voltage to the output winding)

D supplementary insulation

@ (n) @ (@) (M)

double or reinforced insulation

O,

Screen

Output 1 Output 1

Core .

[

—_— IEC 1£C

a)) Transformer of class | construction b) Transformer of class I construction
with earthed metal screen

Figure N.1 — Transformer of class | construction with metal enclosure
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Input 2

[l

Core

Output 2

IEC

a) Core connected to the body

Input 2

[]

Core

Output 2

b) Core not connected to the body

Input 2

Core

Output 2

Metal foil

Figure N.2 — Transformer of class Il construction with metal enclosure

Figure N.3 — Transformer of class Il construction with enclosure of insulating material

IEC
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Annex O

(void)
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Annex P
(informative)

Examples for measurement points of creepage distances and clearances

Figure P.1, Figure P.2, Figure P.3 and Figure P.4 are specified for a separating transformer
according to IEC 61558-2-1.

Explanation using the example of an separating transformer where each insulation is required (see 19.1.3):

) functional insulation (e.g. for polyfilar windings according to Table 20, Table 21 and Table 22)

D basic insulation
*
basic insulation (for the level of the applied voltage to the output winding)

D supplementary insulation

double or reinforced insulation

@ @) (o) @ (@) (1

between terminals for the connections (see Table 23)

Input 1 Output(d Input 1 Output 1
Input 2 Output 2 Input 2 Output 2
—\ IEC pe— IHC
a) Core not connected to the body b) Core connected to the body

Figure P.1 — Transformer of class | construction
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Input 1

Output 1

ut 2

but 1

Input 2

Output 2

Output 1

Qutput 2

a) \Core connected to the body

IEC

Input 1

Input 2

IEG.

Output

Output

b) Core not connected to the body
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Metal foil

Input 1 Output 1

Input 2 Output 2

s

SRR

IEC

gure P.4 — Transformer of class Il construction with enclosure of insulating material
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Annex Q
(informative)

Explanation of IP numbers for degrees of protection

Q.1 General

For full details see IEC 60529 from which the following is an extract.

Th
foll

ind
the

An
acq

A
IEQ

Q.

p designation indicating the degrees of protection consists of the characteristics letters

degree of protection described under item Q.3.
ess to hazardous parts more detailed (see IEC 60529:1989, Clausg, 7):

[ 60529:1989, Clause 8).

P Degrees of protection against access to hazardous parts and against so
foreign objects

e type of protection covered by this system oficlassification is as follows:

with moving parts (other than smooth*oetating shafts and the like) inside the enclosure;

protection of the equipment againstiingress of solid foreign objects.

P

owed by two numerals (the "characteristic numerals") indicating conformity ,with the
corrditions stated in Table Q.1, Table Q.2 and Table Q.3 respectively. The first ‘numgral
cates the degree of protection described under item Q.2 a) and b) and the second numeral

additional letter (optional) may be used to indicate the degree of protection against the

supplementary letter (optional) may be used for supplementary information (see

d

protection of persons against contacts with, or approach to, live parts and against contact
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Table Q.1 — Degrees of protection against access to
hazardous parts indicated by the first characteristic numeral

First Degree of protection
characteristic
numeral
Brief description Definition
0 Non-protected -
1 Protected against access to hazardous parts The access probe, sphere of 50 mm d, shall
with the back of a hand have adeguate clearance from hazardous
parts.
2 Protected against access to hazardous parts The jointed test finger of 12 mm &, 80-mm
with a finger length, shall have adeguate clearanée’from
hazardous parts
3 Protected against access to hazardous parts The access probe of 2,5 mm @ shall not
with a tool penetrate.
4 Protected against access to hazardous parts The access probe of 1,00'mm @ shall not
with a wire penetrate.
5 Protected against access to hazardous parts The access probe 0f)1,0 mm @ shall not
with a wire penetrate.
6 Protected against access to hazardous parts The acces$probe of 1,0 mm @ shall not
with a wire penetrate.

Due to the simultaneous requirement specified in Table Q.2, the definition “shall not penetrate” is given
Taple Q.2

n

NQTE In case of the first characteristic numerals 3,4,5 and 6,/protection against access to hazardous-live-pafrts
is gatisfied if adeguate clearance is kept.

Table Q.2 — Degrees of protection against solid foreign
objects indicated by the first characteristic numeral

First Degree of protection
characteristic
numeral
Brief description Definition
0 Non-protected -
1 Protectedyagainst solid foreign objects of 50 The object probe, sphere of 50 mm d, shall
mm.& and greater not fully penetrate )
2 Rrotected against solid foreign objects of 12,5 | The object probe, sphere of 12,5 mm @, shall
mm @ and greater not fully penetrate ")
3 Protected against solid foreign objects of 2,5 The object probe of 2,5 mm @, shall not
mm @ and greater penetrate at all. ")
4 Protected against solid foreign objects of 1,0 The object probe of 1,0 mm @, shall not
mm-d-and-greater penetrate-at-at—L
5 Dust-protected Ingress of dust is not totally prevented, but
dust shall not penetrate in a quantity to
interfere with satisfactory operation of the
apparatus or to impair safety
6 Dust-tight No ingress of dust

") The full diameter of the object probe shall not pass through an opening of the enclosure.
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Q.3
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Degrees of protection against ingress of water

Protection of the equipment inside the enclosure against harmful ingress of water.

Table Q.3 — Degrees of protection indicated by the second characteristic numeral

Second Degree of protection
characteristic ) . .
numeral Brief description Definition
0 Non-protected -
1 Protected against vertically falling water drops | Vertically falling drops shall have no harmfu
effects
2 Protected against vertically falling water drops | Vertically falling drops shall havemo harmfu
when enclosure tilted up to 15° effects when the enclosure is tilted’at any
angle up to 15° on either side'ofjthe vertical
& Protected against spraying water Water sprayed at an angle~up to 60° on eithpr
side of the vertical shall' have no harmful
effects
4 Protected against splashing water Water splashedd@gdainst the enclosure from
any direction shall' have no harmful effects
5 Protected against water jets Water projected in jets against the enclosure
from any direction shall have no harmful
effects
6 Protected against powerful water jets Water projected in powerful jets against the
enclosure from any direction shall have no
harmful effects
7 Protected against the effects of temporary: Ingress of water in quantities causing harmfyl
immersion in water effects shall not be possible when the
enclosure is temporarily immersed in water|
under standardized conditions of pressure and
time
8 Protected against the effects'of continuous Ingress of water in quantities causing harmfyl
immersion in water effects shall not be possible when the
enclosure is continously immersed in water
under conditions which shall be agreed
between manufacturer and user but which are
more severe than for numeral 7
9 Protected against high pressure and Water projected at high pressure and high
temperature, water jets temperature against the enclosure from any
direction shall not have harmful effects
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Annex R
(normative)

Explanations of the application of 6.1.2.2.1 of IEC 60664-1:2007

R.1 Impulse dielectric test

wave-form: 1,2 / 50 us

— three impulses of each polarity

— |interval between impulses at least 1 s
— |impulse voltage according to Table F.5 of IEC 60664-1:2007

— |rated impulse voltage according to working voltage and overvoltage category bf'Table F
of IEC 60664-1:2007

— |for double or reinforced insulation the next higher value according to 4.2.3 of IEC 606p4-
1:2007 is to be used (see 5.1.6 of IEC 60664-1:2007). With this value the applicable impulse
voltage in Table F.5 of IEC 60664-1:2007 can be found.

— |An abstract of the impulse test voltage according to 6.1.2.2.1 of-lEC 60664-1:2007 can|be
found in Table R.1.

T
—_—

R.2 Example

Warking voltage: 300V (r.m.s.) OVC Il

= | according to Table F.1: 4 000 V (rated impulseyvoltage)
= | double insulation = 6 000 V (next higher value according to 4.2.3 rated impulse voltage)
= | according to Table F.5 (6 000 V) = 7,385 kV (impulse test voltage at sea level)

Table R.1 — Impulse test voltage according to 6.1.2.2.1 of IEC 60664-1:2007

Overvoltage Overvoltage Overvoltage Overvoltage
category IV category Il category Il category |
. Double or . Double or . Double or . Double or .
Wiorking - Basic . Basic X Basic . Basid
reinforced | . Y reinforced | . X reinforced | . X reinforced | . X
vpltage | . X insulation | . X insulation | . X insulation | . . insulatipn
insulation insulation insulation insulation
vV AC V AC V. AC V AC V AC V AC V AC V AC V AC
50 2 920 1751 1751 934 934 541 541 357
100 4 923 2 920 2 920 1751 1751 934 934 541
150 7385 4 923 4 923 2 920 2 920 1751 1751 934
300 9 847 7 385 7 385 4 923 4 923 2 920 2 920 1751
600 14 770 9 847 9 847 7 385 7 385 4 923 4 923 2 920
866 Ao 4740 14745 9847 9847 7385 385 4023

Values of test voltage for intermediate values of working voltage are found by interpolation
between tabulated values.

Example:

AC 230 V 8698 V 6 236 V 6 236 V 3989V 3989V 2375V 2375V 1370V

NOTE Definitions of overvoltage categories are given in 4.3.3.2 of IEC 60664-1:2007.

Transformers for general use are in overvoltage category Il or higher.
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Transformers e.g. for use in household appliances or audio/video, information and
communication technology equipment are in overvoltage category Il or higher.
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(void)
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Annex T
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Annex U

(void)
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Annex V
(informative)

Symbols to be used for thermal cut-outs

V.1 General

The purpose of this annex is to give information to the equipment manufacturer and the end

useran the way to proceed for resetting the transformer after aperation of the thermal cut-gut.

WHen the symbols are used, they are intended for information. In the future, when/they are
known and recognized, the intention is to make them mandatory.

The symbols, when used, are placed on the transformer. They apply to both independent and
associated transformers.

Figure V.1, Figure V.2, Figure V.3 and Figure V.4 should be used.
NOTE 6 is the symbol used to show that the device is operated by temperature.
V.2 Non-self-resetting thermal cut-out (see 3.3.4)

T

| ¢
IEC

Figure V.1 — Restored by manual operation

I
X o

IEC

Figure V.2 — Restored by disconnection of the supply

0

IEC

Figure V.3 _— Thgr_ma_l_Li_n_k_(_s_ge 33 "'a)

V.3 Self-resetting thermal cut-out (see 3.3.3)

IEC

Figure V.4 — Self-resetting thermal cut-out
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Annex W
(normative)

Coated printed circuit boards

W.1 Preamble

The testing of protective coatings of printed circuit boards is carried out in accordance with
IEC_60664-3 with the maodifications described in W 2 to W 5

W. General

The requirements of 5.1 of IEC 60664-3:2016 apply, but when production samples are usgd,
three samples of the printed circuit board are tested.

w.g Cold

The test of 5.7.2 of IEC 60664-3:2016 is carried out at =25 °C.

W.4 Rapid change of temperature

In the requirement of 5.7.4 of IEC 60664-3:2016, severity 1 is specified.

W.5 Additional tests

The requirements of 5.9 of IEC 60664-3:2016 are not applicable.
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accessible part 3.25 output circuit 3.4.2

A all pole disconnection 3.3.1 output winding 344
associated transformer 3.1.6 overload relay 3.3.6
auto-transformer 3.1.5 overvoltage category 3.5.11

B basic insulation 3.71 overvoltage category | 3.5.11.1
body 3.24 overvoltage category Il 3.5.11.2
class | transformer 3.7.5 overvoltage category Il 3.5.11.3
class Il transformer 3.7.6 overvoltage category IV 3.5.114
class lll transformer 3.7.7 PELV-circuit (protective extra low 3.7.18

P clearance (CL) 3.7.8 voltage)
conducfive part 3.2.11 poltation 3.7.10
connecting leads 3.2.3 pollution degree 1 (P1) 3.7.12.1
continuous duty 3.3.10.1 pollution degree 2 (P2) 3.7.12.2
creepage distance (CR) 3.7.9 pollution degree 3 (P3) 3.7.12.3
degree of pollution 3.7.12 portable transformer 3.1.12
detachable part 3.2.6 power supply cord 322

D | double insulation 3.7.3 power supply unit 3.1.19
dry-type transformer 3.1.18 protective earthing{eenductor 3.3.11
duty type 3.3.10 protective earthing.conductor current 3.8.2
electrical separation 3.2.15 protective screening 3.7.14
electronic circuit 3.2.13 protective Separation 3.7.13
electronic component 3.2.12 rated ambient temperature za 3.5.8

B | ELV (extra-low voltage) 3.7.15 rated\frequency 3.5.3
enclosure 3.2.9 rated minimum ambient temperature 3.5.9
external flexible cable or cord 3.21 famin
extruded winding wire (TIW) 3.4.9 rated minimum temperature fmin 3.5.10
fail-safe transformer 3.1.11 rated output 3.5.7
FELV-circuit (functional extra low voltage) 3.7.19 rated output current 3.54

: fixed transformer 3.1.14 rated output voltage 3.5.5
flush-type transformer 3.1.13 rated power factor 3.5.6
fully insulated winding wire (FIW) 3.4.6 rated supply frequency 3.5.3.1
functional insulation 3.7.44 rated supply voltage 3.5.1

¢ | grade of FIW 34.7 rated supply voltage range 3.5.2
hand-held transformer 3.1.16 reactor 3.1.21

y hazardous-live-part 3.7.21 reinforced insulation 3.74
incorporated transformer 3.1.6.1 safety isolating transformer 3.1.3
independent transformer 317 self-resetting thermal cut-out 3.3.3
inherently short-circuit proof transformer 3.1.9.2 SELV (safety extra low voltage) 3.7.16
input circuit 3.4.1 SELV-circuit 3.7.17
input winding 343 separating transformer 3.1.4
insulated winding wire 348 short-circuit proof transformer 3.1.9
intentional weak part 3.37 short-circuit voltage 3.3.9
intermediate conductive part 3.2.10 short-time duty cycle 3.3.10.2
intermittent duty cycle 3.3.10.3 stationary transformer 3.1.15
internal operational-frequency 3.5.3.2 supplementary insulation 3.7.2
internal circuit 345 switch mode power supply unit 3.1.20
isolating transformer 3.1.2 thermal cut-out 3.3.2

1 live part 3.7.20 thermal-link 3.3.5

N | micro-envirenment 3.7.11 tool 3.2.8
no-load input 36.1 touch current 3.8.1
no-load output voltage 3.6.2 transformer _ 3.1.1
Hon:detachable part 327 transformer for specific use 3.1.6.2
non-inherently short-circuit proof transformer 3.1.9.1 Type X attachment 3.2.1
nen-inherently-shert-eireit-proeftransformer 34942 Lype ¥ altachmen A

N | With non-resettable, self-resetting or replaceable Type Z attachment 3.2.1
protective device working voltage 3.3.8
non-inherently short-circuit proof transformer 3.1.9.1.1
with resettable, self-resetting or replaceable
protective device
non-self-resetting thermal cut-out 3.34
non-short-circuit proof transformer 3.1.10
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