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Th:-; extended version (EXV) of the official IEC Standard provides the user with

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
gll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
do-operation on all questions concerning standardization in the electrical and electronic/ields. To this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep|
Rublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC, Publication(s)”). ]
dreparation is entrusted to technical committees; any IEC National Committee interésted in the subject dealt
may participate in this preparatory work. International, governmental and non-goyefnmental organizations lia
with the IEC also participate in this preparation. IEC collaborates closely withpthe’ International Organizatio)
§tandardization (ISO) in accordance with conditions determined by agreement,between the two organizatio

onsensus of opinion on the relevant subjects since each technical{committee has representation fror

The formal decisions or agreements of IEC on technical matters express}.as nearly as possible, an internat
q
interested IEC National Committees.

IEC Publications have the form of recommendations for intermiational use and are accepted by IEC Nat
CGommittees in that sense. While all reasonable efforts are¢/made to ensure that the technical content off
Rublications is accurate, IEC cannot be held responsibifé for the way in which they are used or for
misinterpretation by any end user.

Ip order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in theirnational and regional publications. Any divergence bet
gny IEC Publication and the corresponding nationahor regional publication shall be clearly indicated in the I3

IEC itself does not provide any attestation of\conformity. Independent certification bodies provide confo
gssessment services and, in some areas, @ccess to |IEC marks of conformity. IEC is not responsible fon
gervices carried out by independent certification bodies.

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

A
No liability shall attach to IEC orcits directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
dther damage of any natureswhatsoever, whether direct or indirect, or for costs (including legal fees)
gxpenses arising out ofythe publication, use of, or reliance upon, this IEC Publication or any other
Rublications.

A
i

ttention is drawn to the Normative references cited in this publication. Use of the referenced publicatio
indispensable for, the/correct application of this publication.

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

sing
onal
and
orts,
[heir
with
sing
h for
ns.

onal
h all

onal
IEC
any

ions
een
tter.
mity
any

and
e or
and
IEC

s is

htent

the

prehensive content of the Standard.

IEC 61558-2-7:2023 EXV includes the content of IEC 61158-2-7:2023, and the references made
to IEC 61558-1:2017.

The

specific content of IEC 61558-2-7:2023 is displayed on a blue background.
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023

IEC 61558-2-7 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 2007. This edition
constitutes a technical revision.

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

edit

ion:

a) adjustment of structure and references in accordance with IEC 61558-1:2017;

b)
The

Full
the

The

This
acc
at
des

hew symbol for power supply unit with linearly regulated output voltage.

text of this International Standard is based on the following documents:

Draft Report on voting

96/579/FDIS 96/581/RVD

information on the voting for its approval can be found in the reporfoon voting indicate
above table.

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

document was drafted in accordance with ISO/IEC [Directives, Part 2, and develope

d in

d in

brdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

vww.iec.ch/members_experts/refdocs. The mainndocument types developed by IEC
cribed in greater detail at www.iec.ch/publications.

It has the status of a group safety publicationZin accordance with IEC Guide 104.

This

This
to
tran

Al
tran
IEC

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

stan

Wh¢

International Standard is to be usedtin conjunction with IEC 61558-1:2017.

document supplements or medifies the corresponding clauses in IEC 61558-1:2017, s
convert that publication into- the IEC standard: Particular requirements and tests
sformers and power supply units for toys.

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

dards-inthis series will be updated at the time of the next edition.

are

b as
for

of
the

ng

t of

preMhis document states "addition", "modification" or "replacement", the relevant tex

IEC

61558-1:2017 is to be adopted accordingly.

In this document, the following print types are used:

e requirements proper: in roman type;

o test specifications: in italic type;

e 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

star

ting from 101; supplementary annexes are entitled AA, BB, etc.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMt’ORTANT — The "colour inside" logo on the cover page of this document indicafes
that it contains colours which are considered to be useful for the correct understanding
of|its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION TO IEC 61558-1:2017

This document covers safety requirements for transformers. Where the term transformer is
used, it covers transformers, reactors and power supply units where applicable.

During the development of this document, to the extent possible, the requirements of IEC 60364
(all parts) were taken into consideration, so that a transformer can be installed in accordance
with the wiring rules contained in that document. However, national wiring rules can differ.

This document recognizes the internationally accepted levels of protection against the possible
elegtrical, mechanical, and fire hazards caused by transformers operating under no:lmal
confditions in accordance with the manufacturer's instructions. It also covers abnorfmal
confditions which can occur in practice.

A transformer complying with this document will not necessarily be judged to-comply with|the
safety principles of this document if, when examined and tested, it is fouhd to have other
feaflures that impair the level of safety covered by these requirements.

A transformer employing materials or having forms of construction differing from those detailed
in this document may be examined and tested according to the intent of the requirements and,
if fqund to be substantially equivalent, may be judged to comply with the safety principlep of
this|document.

Thel document dealing with non-safety aspects of electromagnetic compatibility (EMC) of
transformers is IEC 62041. However, that documenthalso includes tests that can subject|the
transformer to conditions involving safety aspectst

The objective of of IEC 61558-1 is to provide.a set of requirements and tests considered t¢ be
genkrally applicable to most types of transformers, and which can be called up as required by
the relevant part of IEC 61558-2. IEC 61558-1 is thus not to be regarded as a specification by
itself for any type of transformer, @nd its provisions apply only to particular typeg of
transformers to the extent determined by the appropriate part of IEC 61558-2. IEC 61558-1
alsq contains normative routine tests.

Eadh part of IEC 61558-2-in conjunction with this document contains all the necessary
requirements for the transformer being covered and does not contain references to other pprts
of IEC 61558-2. For transformers with a protection index IP00 and associated transformers,
it is| possible to have circuits corresponding to different parts of IEC 61558-2 within the same
conptruction (e.g. SELV output circuit according to IEC 61558-2-6 and a 230 V output cifcuit
accprding to IEC.61558-2-4). However, if the transformer is covered by different pparts
IEC|61558-2,4to'the extent reasonable, the relevant part of IEC 61558-2 is applied to egach
fungtion/application separately. If applicable, the effect of one function on the other is taken
into[ consideration.

If al
transformers, the nearest applicable part may be used as a guide to the requirements and
tests.

However, individual countries may wish to consider its application, to the extent reasonable, to
transformers not mentioned in the IEC 61558-2 series, and to transformers designed on new
principles.

Where the requirements of any of the clauses of a part of IEC 61558-2 refer to IEC 61558-1 by
the phrase "This clause of Part 1 is applicable", this phrase means that all the requirements of
that clause of IEC 61558-1 are applicable, except those requirements that are clearly not
applicable to the particular type of transformer covered by that part of IEC 61558-2.

The principle for the preparation of the different parts of IEC 61558-2 is as shown in Figure 1.


https://iecnorm.com/api/?name=4866ceb7d6556bcfc276962cbfc2aaa4

IEC 61558-2-7:2023 EXV © IEC 2023

- 13—

IEC 61558-1
General requirements and tests

l

Basic standards for
transformers and
power supply units

Standards for
transformers and
power supply units

Standards for transformers
and power supply units for
specific applications

Standards for
switch mode
power supply

be tested separately.

The

for general for specific originated from a units and
applications applications combination of basic reactors
originated from a standards
basic standard
]
Part 2-1 Part 2-4 Part 2-2 Part 2-3 Part 2-12 Part 2-14 Part 2-16 Part 2-20
Separating L Isolating Control | Ignition Stabilising Variable Switch mode Small.reagtors
power supply
units
Part 2-6 Part 2-13 Part 2-5 Part 2-7 Part 2-23 Part 2-26
Yafety Auto- Shaver Toy Construction Saving energy
isplating | | M site [
Part 2-8 Part 2-9
Bell | Handlamp
Part 2-10 Part 2-10
High insulation| | [High insulation
level [l level

Figure 1 — IEC,61558 principle

Relevant clauses of this document (e.g.“clauses dealing with thermal endurance test| for
wingings) apply also to transformers_ forming an integral part of an appliance and which cannot

trarlsformers, reactors, power.supply units and combination thereof:"

IEC

IEC 61558 series consists-of the following parts, under the general title Safety of

gengral

Par General requirements and tests

Part 2-1:  Particular_requirements and tests for separating transformers for
applications

Part 2-2:  Particular requirements and tests for control transformers

Part 2-3: _“Rarticular requirements and tests for ignition transformers for gas and oil burngrs

Part 2-4.) Particular requirements and tests for isolating transformers

Part2-5: Particular rpquirpmpntq and tests for shaver transformers and shaver qnpply unmits

Part 2-6:  Particular requirements and tests for safety isolating transformers

Part 2-7:  Particular requirements and tests for transformers for toys

Part 2-8:  Particular requirements and tests for transformers for bells and chimes

Part 2-9:  Particular requirements and tests for transformers for class Ill handlamps for

tungsten filament lamps

Some of the parts of this series published earlier appeared under the general title Safety of power transformers,

power supplies, reactors and similar products or Safety of power transformers, power supply units and similar or
Safety of power transformers, power supply units and similar devices. Future editions of these parts will be issued
under the new general title indicated above.
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Part 2-10: Particular requirements and tests for separating transformers with high insulation
level and separating transformers with output voltages exceeding 1 000 V

Part 2-12: Particular requirements and tests for constant voltage transformers

Part 2-13: Particular requirements and tests for auto transformers

Part 2-14: Particular requirements and tests for variable transformers

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

Part 2-16: Particular requirements and tests for switch mode power supply units and
transformers for switch mode power supply units

Parf 2-20: Particular requirements and tests for small reactors

Parf 2-23: Particular requirements and tests for transformers and power supply\/units| for
construction sites

Parf 2-26: Particular requirements and tests for transformers and power supply units all for

Othgr parts are under consideration.

saving energy and other purposes
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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 used 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 control
circpiits in accordance with TEC 60204-T:2016, 7.Z2.4.

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

For(example, an auto-transformer in accordance with IEC 61558-2-13 can be designed with a
sepprate SELV-circuit in accordance with the particular requirements for)lEC 61558-2-6 relating
to the general requirements of IEC 61558-1.
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SAFETY OF TRANSFORMERS, REACTORS,
POWER SUPPLY UNITS AND COMBINATIONS THEREOF -

Part 1: General requirements and tests

Scope

023

part of IEC 61558 deals with the safety of transformers for toys and power supply-u
rporating transformers for toys. Transformers for toys incorporating electronic circ
also covered by this document.

E 1 Safety includes electrical, thermal and mechanical aspects.

and power supply units incorporating transformers for toys.

document is applicable to stationary and portable singlesphase, air-cooled (naturg
ed) dry-type transformers. The windings can be encapsulated or non-encapsulated.

power supply units (linear) this document is applicable. For switch mode power sugq
s |[EC 61558-2-16 is applicable together with.this document. Where two requirements
bnflict, the most severe takes precedence.

rated supply voltage does not exceed 250 V AC. The rated supply frequency and

intdrnal operating frequencies do not-éxceed 500 Hz.

The

The
out

In
tran

Thig
con

Attd

rated output does not exceed 200 VA and a rated output current does not exceed 1

put voltage does not exeeed 24 VV AC or 33 V ripple-free DC.

peneral, this document does not take into consideration children playing with
sformers.

document is not applicable to external circuits and their components intended to
hected-to the input and output terminals or socket-outlets of the transformers.

hits
Lits

bss otherwise specified, from here onward, the term transformer covers transformers for

or

document is applicable to independent transformers and transformers for specific yse.

ply
are

the

D A.

no-load output voltage does not exceed 33 V AC or 46 V ripple-free DC, and the rated

the

be

ntionh is drawn to the following if necessary:

o for transformers intended to be used in vehicles, on board ships, and aircraft, additional

requirements (from other applicable standards, national rules, etc.);

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

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

can be applicable to transformers intended for use in special environments;

additional requirements can apply.

additional requirements in accordance with other appropriate standards and national rules

for transformers for toys intended to be used as a battery charger for use with children
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Future technological development of transformers can necessitate a need to increase the
upper limit of the frequencies. Until then this document can be used as a guidance document.

This group safety publication focusing on safety guidance is primarily intended to be used as a
product safety standard for the products mentioned in the scope, but is also intended to be used
by technical committees in the preparation of publications for products similar to those
mentioned in the scope of this group safety publication, in accordance with the principles laid
down in IEC Guide 104 and ISO/IEC Guide 51.

One of the responsibilities of a technical committee is, wherever applicable, to make use of
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Normative references

following documents are referred to in the text in such a way that some or &Il of their con
stitutes requirements of this document. For dated references, only the edition cited app

undated references, the latest edition of the referenced document (including
ndments) applies.

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

60068-2-6, Environmental testing — Part 2-6: Tests — Test/FC: Vibration (sinusoidal)

60068-2-14, Environmental testing — Part 2-14: Tésts — Test N: Change of temperatur¢

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

primarily for equipment-type specimens

IEC

IEC

IEC

IEC
mel

IEC

IEC
of s

60068-2-75, Environmental testing —\Part 2-75: Tests — Test Eh: Hammer tests
60076-1, Power transformers — Part 1: General

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

pPNS.

rent
ies.

any

Cks,

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

nber countries of HEC
60085:200Z,\Electrical insulation — Thermal evaluation and designation

60112:2003, Method for the determination of the proof and the comparative tracking ind
plid (hsulating materials

ces

IEC

IEC

IEC

B60TZ7 (all parts), Miniature fuses
60127-3, Miniature fuses — Part 3: Sub-miniature fuse-links

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

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

IEC 60227-1:2007, Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V — Part 1: General requirements
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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 60245-1:2003, Rubber insulated cables — Rated voltages up to and including 450/750 V —
Part 1: General requirements

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

IEC|60269-2:2013, Low voltage fuses — Part 2: Supplementary requirements for'fuses for|use
by authorized persons (fuses mainly for industrial application) — Examplescof’standardlzed
systems of fuses A to K

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

IEC| 60309 (all parts), Plugs, socket-outlets and couplers forlidustrial purposes
IEC|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: Gengral
requirements — Fully insulated (FIW) zero-defect enamelled round copper wire with nominal
conpuctor diameter of 0,040 mm to 1,600 mm

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

IEC| 60320 (all parts), Appliance:eouplers for household and similar general purposes

IEC|{60320-2-3, Appliance couplers for household and similar general purposes — Part P-3:
Appliance couplers withia degree of protection higher than IPX0

IEC|60384-14:2043; Fixed capacitors for use in electronic equipment — Part 14: Sectipnal
spetification: fixed capacitors for electromagnetic interference suppression and connection to
the |supply mains

IEC| 60447, Grapahical symbols for use on equipment
(available 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

IEC| 60730 (all parts), Automatic electrical controls

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

IEC|[60884-1:2002, Plugs and socket-outlets for househeold-"and similar purposes — Parnt 1:
General requirements

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

IEC|60884-2-4, Plugs and socket-outlets for*“household and similar purposes — Part P-4:
Particular requirements for plugs and socket:outlets for SELV

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

IEC|[60906-1, IEC system of plugs and socket-outlets for household and similar purposes — Part
1: Rlugs and socket-outlets~16°A 250 V a.c.

IEC|[60906-3, IEC system of plugs and socket-outlets for household and similar purposgs —
Part 3: SELV plugs-and socket-outlets, 16 A6V, 12V, 24 V, 48 V, a.c. and d.c.

IEC|[60947-7-4) Low-voltage switchgear and controlgear — Part 7-1: Ancillary equipment —
Terminal blocks for copper conductors

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

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?2 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

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

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

ISO1 8820 (all parts), Road vehicles — Fuse-links

EN B0075:1990, Specification for flat non-wirable two-pole plugs 2.,5A250 V, with cord, forthe
conphection of class IlI-equipment for household and similar purposes

DIN[43671:1975, Copper bus bars; design for continuous currént
DIN[43670:1975, Aluminium bus bars; design for continuous current

DIN[43670-2:1985, Aluminium bus bars copper cladding; design for continuous current

3 |Terms and definitions

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

ISQ and IEC maintain terminplogical databases for use in standardization at the folloy
addresses:

ng

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

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

NOTEE Further definitions of transformers intended for particular use are indicated in the relevant par{s of
IEC p1558-2.

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

UnIer otherwise specified, the terms “voltage” and “current” imply the RMS values of alternating voltage and curyent,
and fardirect voltage and current they imply the corresponding arithmetic mean values

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

An index of often used terms and definitions is provided at the end of this document.
31 Transformers

3.11

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.
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[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)

3.1.3

safety isolating transformer

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

3.14
separating transformer
transformer with input winding(s) separated from the output winding(s) by at'least basic
insyilation

3.1
autp-transformer
transformer in which input and output windings have a common part

Notg 1 to entry: Auto-transformers may have supplementary windings or tappings for adjustment purposes.

Note 2 to entry: Transformers with windings separated at least by functional insulation and electrically connegted,
will e treated as auto-transformers.

3.16
assfpciated transformer
transformer designed to supply a specific appliance or equipment, or a part of them, and bging
either an incorporated transformer or a transformer for specific use

3.1)6.1

incorporated transformer
assjociated transformer designed to'be built into a specific appliance or equipment, or into a
parf of them, and the enclosure of-which provides protection against electric shock

3.16.2

transformer for specific usé
assjociated transformer fixed to or delivered with the appliance or equipment, without be¢ing
incqrporated in this appliance or equipment and having its own enclosure which provides
profection against €lectric shock

3.1)7
independent'transformer
transformer designed to supply unspecified appliances and intended to be used without [any
addjtional’ enclosure which 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-circuit proof 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.
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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
continues to meet all the requirements of this document after removal of the overload or short
circuit

3.1.9.11
non-inherently short-circuit proof transformer with resettable, self-resetting or

repI::_aab.I&p.mLar_Ide.mr_e
shart-circuit proof transformer equipped with a protective device which after resetting{; or
replacing continues to operate

Notel 1 to entry: Examples of self-resetting or non self-resetting protective devices are fuses, 6verload relays,
thermal fuses, thermal links, thermal cut-outs and PTC resistors and automatic break-off mechanical devices.

3.19.1.2
norj-inherently short-circuit proof transformer with non-self-resetting lor non-replaceable
protective device
shart-circuit proof transformer equipped with a non-self-resetting or non-replaceable
profective device or with a non-replaceable intentional weak part;which continues to meet all
the requirements of this document after removal of the overload or short circuit, but does|not
continue to operate after the overload or short-circuit is removed

3.19.2

inherently short-circuit proof transformer
shart-circuit proof transformer not equipped with<any device for protection against overload
or short circuit

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

3.1110

non-short-circuit proof transformer
transformer intended to be protected against excessive temperature by means of a protedtive
devjce, not provided with but.stated on the transformer, and which continues to meet allfthe
reqliirements of this document after the removal of the overload or short circuit and, if
applicable, after resetting or replacing the protective device

3.1]11

failysafe transformer
transformer €quipped with a protective device or with an intentional weak part, which
permanently fails to function by the interruption of the input circuit when the transformer is
ovefloaded or short-circuited, but presents no danger to the user or surroundings

Notell ta entry- It continues to meet all the rpqnirpmpntq of this document after removal of the overload or $hort
circuit.

Note 2 to entry: “Continues to meet all the requirements of this document” does not imply that the fail-safe
transformer continues to operate. After failing it fulfils the dielectric strength test based on 35 % of the original
values (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
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14

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

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,

40
o

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

3.1.
void

3.1,
dry

17

18
ttype transformer

transformer incorporating non-liquid dielectric media, and the windings may be impregnd
or gncapsulated

3.1.

19

power supply unit
elegtronic device incorporating transformer(s) and<electronic circuitry(ies), that conyv
elegtrical power into single or multiple power outputs

Notel 1 to entry: It may also isolate the input circuit from the output circuit, and regulate and/or convert the o
voltgge and current. The device may consist of one or mere individual units with identical or different waveformg
freqyencies including DC output, and the internal opérating frequency and waveform are different from the s(
freqyency and waveform and the internal operating'frequency does not exceed 500 Hz.

3.1,
swi

20
fch mode power supply unit

elegtronic device incorporating, transformer(s) and electronic circuitry(ies), that conyv
elegtrical power into single or. multiple power outputs

Note 1 to entry: It may alsoisolate the input circuit from the output circuit, and regulate and/or convert the o
voltgge and current. The device may consist of one or more individual units with identical or different waveformg
freqyencies including DC output, and the internal operating frequency and waveform are different from the s(
freqyency and waveform and the internal operating frequency does exceed 500 Hz, but not exceed 100 MHz

3.1,
rea

21
ctor

arrgngement comprising one or more windings with an impedance depending on the freque

wor
gen

king\.ih accordance with the principle of self-induction whereby a magnetising cur

nted

erts

itput
and

pply

erts

htput
and
pply

ncy,
rent

ratés 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

transformer for toys
independent safety isolating transformer designed to supply toys not fixed to, or
incorporated in, toys and having a rated output voltage not exceeding 24 V AC

3.1.

102

power supply unit for toys
power supply unit incorporating a transformer for toys not fixed to, or incorporated in, toys

and

having a rated output voltage not exceeding 24 V AC or 33 V ripple-free DC
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General terms

1

external flexible cable
external flexible cord

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

3.2.

1.1

type X attachment

me

od of attachment enabling easy replacement of the ordinary or especially prepared ¢

023

ble

or G

3.2,

ord

1.2

type Y attachment

met
sim

Notg
cabl

3.2,
typ
met
des

hod of attachment intended to be replaced only by the manufacturer, his service agen
lar qualified person

1 to entry: Type Y attachments may be used either with ordinary flexible cables or cords, or with sp
bs or cords.

1.3

p Z attachment

hod of attachment preventing replacement of the flexible‘Cable or cord without breakin
froying a part of the transformer

3.2,

po
ext

Notg

3.2,

2
er supply cord
rnal flexible cable or cord used to supply.the input circuit

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

Connected to the transformer by an appliance coupler.

3

connecting lead

leag

Notg

3.2,
bod
acc
SCr

connecting the end of(a winding to the terminal of the transformer

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

4

y
bssible econductive parts, shafts, handles, knobs, grips and the like, accessible metal fi

ws andimetal foil applied on accessible surfaces of insulating material

3.2,

5

, or

ecial

J or

ng

acc

essible part

parts which may be touched with the standard test finger after correct installation of the
transformer

3.2.

6

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

3.2.

7

non-detachable part
part which can be removed only with the aid of a tool
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3.2.8

tool

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

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

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

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

3.2/10

intgrmediate conductive part
nontaccessible conductive part situated between hazardous-live-parts or the.body and other
hazjardous-live-part

3.2)11
conductive part
par{ which can carry electric current

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

3.2112

ele¢tronic component
parf in which conduction is achieved principally byelectrons moving through a vacuum, gap or
semnjiconductor

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

3.213
eleg¢tronic circuit
circpit incorporating at least one-electronic component

3.2(14
VOid

3.215
ele¢trical separation
seppration between conductive parts by means of air and/or solid insulation

3.3| ,Operations and protections

3.3.1
all pole disconnection
disconnection 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

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

3.34
non-self-resetting thermal cut-out
thermal cut-out requiring manual resetting or replacement of a part to restore the current

3.3.5
thermat=tink
thermal cut-out which operates only once

3.36
overload relay
curent-operated switch which protects a circuit from overload by opening whenthe current in
thaf circuit reaches a predetermined value and which remains in the open position

3.3)7
intgntional weak part
par{ other than overload protective device (fuses, circuit-breaker, thermal cut-outs, ¢tc.)
intended to rupture under conditions of abnormal operation o) prevent the occurrence o¢f a
confdition which could impair compliance with this document

Note 1 to entry:  Such a part may be a replaceable component, suchras a resistor or a capacitor or a non replacgable
part of a component such as an inaccessible weak point in a winding.

3.3.8
wolking voltage
highest RMS value of the AC or DC voltage-Which may occur (locally) across any insulatiop at
rated supply voltage under no-load ,or normal operating conditions, transients beging
disregarded

Noteg 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.

Notel 2 to entry:  On three phasersystems, the working voltage can be different from the nominal voltage.

3.39
shart-circuit voltage
voltage to be appliedto the input winding, when the windings are at ambient temperature, to
prodluce in the shert-circuited output winding a current equal to the rated output current

Note 1 to entry./ 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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10.3

intermittent duty cycle

ope

3.3.

ration in a series of specified identical cycles

1"

protective earthing conductor

PE

protective conductor provided for protective earthing

[SO

URCE: IEC 60050-195:1998, 195-02-11]

3.4

3.4,
inp
circ
cird

3.4.
out
circ
con

3.4,
inp
win

3.4,
out
win

3.4,
int
circ
the

3.4,
full
FIW
wire
whi

3.4,
gra

Circuits and windings

1
it circuit

it intended to be connected to the supply consisting of the input winding‘and the inte
uits

2
put circuit

Uit to which the distribution circuit, appliance or other eqGipment is to be connec
sisting of the output winding and the internal circuits

3
it winding
jing of the input circuit

4
put winding
jing of the output circuit

5
rnal circuit

it which consists of components, interconnections and connections to the terminals
windings, excluding protective earthing circuit

6
y insulated winding wire

according_te IEC 60317-0-7, IEC 60317-56 and tested according to |IEC 60851-5:2
Ch is a zer0-defect wire construction

7
He of FIW

rnal

ted,

and

008

range of overall diameter of a wire (FI\N’% to FI\NQ)

3.4.

8

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

Note

3.4.

1 to entry: Requirements are provided in Annex K.

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
and _upper limits

3.53
rated frequency
frequency assigned to the transformer by the manufacturer for the specified” operating
conditions of the transformer

3.53.1
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.

3.53.2

intdrnal operational frequency
highest internal frequency assigned by the manufaectUrer as the operating frequency of a
transformer or other components built into a powep supply unit

3.54

rated output current

out}ut current at rated supply voltage, rated supply frequency and rated output voItang, at
rated power factor, assigned to thes-transformer by the manufacturer for the specified

operating conditions of the transformer

3.5/5

rated output voltage
output voltage (for polyphase supply, the phase-to-phase voltage) at rated supply voltage,
rated supply frequency and rated output current, at rated power factor, assigned to|the
transformer by the manufacturer for the specified operating conditions of the transformen

3.5[6
rated power factor
power factor/assigned to the transformer by the manufacturer for the specified operaft
confditions of the transformer

ng

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

transformers, \/5 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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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.

9

rated minimum ambient temperature

Lami

n

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

3.5.
rate

Imin
min
3.5.

nu

Note

10
| mini I

mum temperature only for transportation and storage

11

ovrzilrvoltage category

eral defining a transient overvoltage condition

1 to entry: Overvoltage categories I, I, Il and IV are used, see IEC 60664-1:2007; 4.3.3.2.

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

3.5,

11.1

ov
ov

rvoltage category |
|

equjpment for connection to circuits in which measurés)are taken to limit transient overvoltages

to 4

Note
How
cate

3.5,

n appropriately low level

1 to entry: Examples of such equipment are those containing electronic circuits protected to this |
ever, unless the circuits are designed to take the.temporary overvoltages into account, equipment of overvo
jory | cannot be directly connected to the mainstsupply.

11.2

overvoltage category Il

oV
ene

Note
and

3.5,

C 11
rgy-consuming equipment to-be supplied from the fixed installation

1 to entry: Examples of that equipment are transformers for household appliances, telecommunications,
similar loads.

11.3

ov
equ
the

1]
pment.used in fixed installations and for cases where the reliability and the availabilit
equipment is subject to special requirements

OVE{;voltage category Il

pvel.
tage

oys,

y of

Not

Strial

Ho-ontr—Examplos-of-such-equipment-are-transformersin-fixed-installationsand-transformersfor-indu

use with permanent connection to the fixed installation.

3.5.
ove

11.4
rvoltage category IV

ovcC Iv

equ

Note 1 to entry:

ipment used at the origin of installation

to such installations.

Examples of such equipment are transformers in fixed installations of power plants or immediate
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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
frequency, with no load on the output

3.7 Insulation

3.71
basfic insulation
insylation 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.

[SOURCE: IEC 60050-195:1998, 195-06-06, modified — “hazardous™ deleted and “,for example
wirg enamel” added]

3.711.1
functional insulation

insylation between conductive parts, necessary forthe’ proper functioning of the transforme

—

Notel 1 to entry: For transformers, proper functional igsulation may have influence on the safety. Functional
insuflation is checked by the requirements of this document but additional requirements may exist in IEC 61558-2
(all parts).

[SOURCE: IEC 60050-195:1998, 195-02-41, modified — “transformer” replaces “equipment” fand
“NQTE” added]

3.72

supplementary insulation

ind’{pendent insulation of hazardous-live-parts applied in addition to basic insulation, for
fault protection

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

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

3.7.13
double insulation
insulation comprising both basic insulation and supplementary insulation

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

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]


https://iecnorm.com/api/?name=4866ceb7d6556bcfc276962cbfc2aaa4

IEC

3.7.

61558-2-7:2023 EXV © IEC 2023 -31-

5

class | transformer
transformer in which protection against electric shock does not rely on basic insulation only,
but which includes an additional safety precaution such as a protective earthing terminal for the

con

nection 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
event of a basic insulation failure.

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

3.7.
cla

s Il transformer

transformer in which protection against electric shock does not rely on basic insulation gnly,

but
are
con

in which additional safety precautions such as double insulation or reinforced insula
provided, there being no provision for protective earthing or reliance upon -installa
ditions

Noteg 1 to entry: A class Il transformer may be provided with means for maintaining the ‘continuity of prote
earthing circuits, provided that such means are inside the transformer, and are insulated from accessible surf
accqgrding to the requirements of class Il.

ion
ftion

ctive
hces

Note 2 to entry: In certain cases, it may be necessary to distinguish betweenc’allinsulated" and "metal encased"

clas

5 Il transformers.

Notg 3 to entry: A transformer having a durable and substantially continuous enclosure of insulating ma

whic]
and

h envelops all conductive parts, with the exception of small conductive parts, such as nameplates, sc
ivets, which are isolated from hazardous-live-parts by insulation-at least equivalent to reinforced insula

is cqlled an all insulated class Il transformer.

Noteg 4 to entry: A transformer having a substantially continuous metal enclosure, in which double insulati
used throughout, except for those parts where reinforced\insulation is used because the application of do

insul

llation is manifestly impracticable, is called a metal encased class Il transformer.

Note 5 to entry: If a transformer with double insulation and/or reinforced insulation throughout has a prote
earthing terminal, it is deemed to be of class | construction.

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

3.7,

7

class Ill transformer
transformer in which protéction against electric shock relies on supply at SELV, and in w

volt

hges higher than those, of SELV are not generated

erial
rews
tion,

bn is
uble

ctive

hich

Notg 1 to entry: The glassification I, 1l or Il does not refer to the insulation system between input windings| and
outgut windings.

3.7,

8

clearance

CL
sho

Note 1 to entry:

rtest. distance in air between two conductive parts

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).

[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
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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
covered by a metal foil wherever it can be touched by the standard test finger (see Figure 4).

[SOURCE: IEC 60050-151:2001, 151-15-50, modified — “through air” and “NOTE” added]

3.7.10

pollution

any addition of foreign matter, solid, liquid, or gaseous, that can result in a reduction of dielectric
strength or surface resistivity of the insulation

[SOURCE: TEC 60664-1:2007, 3.11]

3.711
micgro-environment
imnjediate environment of the insulation which particularly influences the dimegnsioning of|the
creepage distances or clearances

Note 1 to entry: The micro-environment of the creepage distance or clearance and._not the environment of the
equipment determines the effect on the insulation. The micro-environment migh{-be’ better or worse thar| the
envifonment of the equipment. It includes all factors influencing the insulation, suchvas climatic and electromagpetic
factqrs and generation of pollution, etc.

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

3.7112

degree of pollution
degree of pollution in the micro-environment @©stablished for the purpose of evaluating
clearances and creepage distances

3.712.1

pollution degree 1
P1
pollution degree in which no pollution or only dry, non-conductive pollution occurs

Note 1 to entry: The pollution has noelinfluence.

3.7012.2

pollution degree 2
P2
pollution degree in*which only non-conductive pollution occurs, except that occasionally a
temporary condugtivity caused by condensation is to be expected

Notg 1 to entry: ) Transformers having a reasonably tight enclosure are considered to have pollution degree 2
(P2)] hermeticisealing is not required.

3.71123

pol trtion deglee 3
P3

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

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]
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14

protective screening

separation from hazardous-live-parts by means of an

connected to the means of connection for an external protective earthing conductor

interposed conductive screen,

[SOURCE: IEC 60050-195:1998, 195-06-18, modified — “(electrically)” removed and definition

redrafted]

3.7.15

ELV

extra-towvottage

voltage which does not exceed 50 V AC or 120V ripple free DC between conductoers
between any conductor and protective earthing

3.7/16

SELV

safety extra low voltage

ELV in a circuit which is isolated from the mains supply by such means as-a safety isolaf
transformer

Notg 1 to entry: Maximum voltage lower than 50 V AC or 120 V ripple-free(DBC may be specified in parti
requjrements, especially when direct contact with live parts is allowed.

Notel 2 to entry: The maximum peak value does not exceed 140 V for,a'nominal 120 V ripple-free DC system
70 V|for a nominal 60 V ripple-free DC system.

3.7.17

SELV-circuit

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

earthing of the circuit nor of the exposed conductive parts

3.7,
PEL
pro
ELV
may

Notg

3.7,
FEL
fun
ELV
SE|

3.7,

18

LlV-circuit

tective extra low voltage

[ circuit with protective separation from other circuits and which, for functional reas
be earthed and/or the exposed conductive parts of which may be earthed

1 to entry: PELV-circuits are used where the circuits are earthed and SELV is not required.

19

V-circuit

ctional extra\low voltage-circuit
[ circuit having the ELV voltage for functional reasons and not fulfilling the requirements
LV or PELY

20

live

or

ng

tular

and

for

NS,

for

Lpart

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.

Note 2 to entry: For definitions of PEM and PEL see IEC 60050-195:1998, 195-02-13 and 195-02-14

[SO

3.7.
haz
live

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

21
ardous-live-part
part which, under certain conditions, can give a harmful electric shock
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1 to entry: In case of high voltage, a hazardous voltage may be present on the surface of solid insulatio
a case, the surface is considered to be a hazardous-live-part

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

Touch current and protective earthing conductor current

1

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

023

n. In

[SO|URCE: IEC 60050-195:1998, 195-05-21]
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1-2-3-4-561=65.2-53-54-55-56-57-71-72-75-76-7.8-82-8.
14.1 — except for the requirements in Table 2 starting with the first: “external enclosuresj”..
14.2 — 14.3 —«1571, restricted to the first box of Table 5 — 18.1 — 18.2 — 18.3 only betw

2
tective earthing conductor current
ent which flows in a protective earthing conductor

1 to entry: This current may have influence on the operation of RCDs (residualycurrent protection dev
ected in the same circuit.

General requirements

Transformers shall be so designed and manufactured that when used, installed
htained according to the manufacturer's instructionsi-they cause no danger which ¢
sonably be foreseen to persons or surroundings, even in the event of careless use as
Lr in normal service.

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

When associated transformers are used in an appliance or equipment for whic
vant appliance or equipment standard exists, they may be tested under the condit
sent in the appliance or equipment for which they are intended.

transformer is tested under,the conditions present in the appliance or equipment for w
intended, it shall comply with the following clauses or subclauses thereof of this docum|

hput an output circuits — 18.4 — 19.1 — 19.12 — 20.10 — 26.1 — 26.2 — 26.3 — Annexes A
, M, N, P

er,clauses shall be taken from the relevant product standard. If the product standard d

ces)

and
buld
may

h a
ons

hich
ent:

(1 —

75
"

een
G,

oes
mer

fully cover the remaining clauses, the corresponding missing clauses of this transfor

document shall be used instead.

4.3

risk

5

5.1

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

assessment.

General notes on tests

Tests according to this document are:

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

routine tests (defined in Annex L).
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Each sample transformer shall comply with all the relevant tests. In order to reduce the testing
time and allow for any tests which may be destructive, the manufacturer may submit additional
transformers or parts of transformers, provided that they are of the same materials and
designs as the original transformer, and that the results of the tests are the same as if carried
out 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-state conditions.

Transformers intended to be used with non-detachable flexible cables or cords are tested
withtheffexibfecabteorcordconmectedtothetransformer:

5.2| Tests are carried out on specimens as delivered and installed as in normal Gse taking
intol account the manufacturer's installation instructions. If it is not necessary to do’the tests of
14.8, 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, three additional specimens shall-be ‘used. Three njore
spepimens 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. THese
sperimens 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 specimens.

For| components tested under conditions prevailing in the transformer, the numbef of
sperimens is that required by the relevant standard.

For|testing a series of transformers, sege*‘Annex B.

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

NOT[E 1 For associated transformers, the equipment standard can prescribe other numbers of specimens fo be
testqd.

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

5.3 Tests aretcarried 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 ambjent
temperature is, in general, maintained at (20 £ 5) °C. Otherwise and if, however, [the
temiperature attained by any part is limited by a temperature-sensitive device or is influenced
by the temperature at which a change of state occurs, the ambient temperature is, in case of
doubt, maintained at (23 + 2) °C or (1, = 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 otherwise
specified, have a frequency of 50 Hz or 60 Hz.

5.6 Transformers designed for more than one rated supply voltage, for a rated supply
voltage range or for more than one rated supply frequency, are tested, unless otherwise
specified in this document, at the supply voltage or supply frequency that results in the most
severe test conditions for the transformer.
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5.7 As far as possible, measurements are made with instruments which do not appreciably
affect the values to be measured; if necessary, corrections shall be made.

5.8 Unless otherwise specified, transformers intended to be used with external flexible
cable or cords are tested with a cord(s) (see 3.2.1) connected to the transformer.

5.9 If class | transformers have accessible conductive parts which are not connected to a
protective earthing terminal or protective earthing contact, and are not separated from
hazardous-live-parts by an intermediate conductive part that is connected to a protective
earthing terminal or protective earthing contact, such parts are checked for compliance with the

- bolas L e
appyopriaterequirements—specified-forclass-Htransformers-inthisdocument:

5.10 A flush-type transformer is tested with an appropriate flush-mount box ofdinsulating
material. This box is placed in an enclosure as indicated in Figure 2, made from plywood, with
a thickness of 20 mm, the inside painted dull black, and the distance between the’back of|the
mounting box and the rear wall of the enclosure being 5 mm.

300
A
Pz Dull black
painted
AN
-
Box

-
N

N

Plywood

.

B S

A —n Section A-A EC

Figure 2 — Mounting box for flush-type transformer

5.11 {Transformers for specific use for which there are no relevant appliance or equipment
standards are tested as trmmnwuemm_&uca&ag_aemg_mﬂdﬂed_agthe

power consumption and power factor of the appliance(s) or equipment for which they are
designed.

5.12 Void

5.13 IP00 transformers with unknown end application, are tested without adding an
enclosure.

For these transformers, the requirements of Clause 9 are not applicable. Furthermore, the test
in 27.2 is not performed as the result can be influenced by the enclosure in the final application,
for example on the fixing point of the transformer fixed on plastic support. For the fault
condition test, if applicable, the product standard for the final product applies.
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5.14 |IP00 transformers, with known end application, are mounted and tested in accordance
with the manufacturer's instructions.

5.15 The tests in Clauses 18 and 26 are based on an elevation of 2 000 m above sea level. If
tested in elevations in excess of 2 000 m above sea level, Annex A of IEC 60664-1:2007
applies.

6 Ratings

Rat

6.101 The rated output voltage shall not exceed 24 V AC or 33 V ripple-free DC«
6.102 The rated output shall not exceed 200 VA.

6.103 The rated supply frequency shall not exceed 500 Hz.

6.104 There shall be only one rated supply voltage not exceeding 250 V AC.
6.105 The rated output current shall not exceed 10 A.

Compliance with the requirements of 6.101 to 6.105 is checked by inspection of the markirlg.

7 |Classification

7.1| According to their protection against electric shock:
— rlass Il transformers;
7.2| According to short-circuit protection or protection against abnormal conditions:

— [nherently short-circuit proof'transformers;
— phon-inherently short-circuit-proof transformers;
— fail-safe transformers.

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 fupthér information see Annex Q.

7.4| Acceording to their mobility:

— portable transformers;
— stationary transformers.

7.5 According to their duty type:
— continuous operation.

7.6  Transformers are classified according to the intended use:

7.6.1 Associated

— incorporated;
— for specific use.
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7.6.2 Independent

7.7 Transformers are classified according to the environmental conditions where they are
intended to be used:

— normal environment;

— special environments (e.g. arctic).

7.8 According to their transient overvoltage condition:

— p:ervoltage category ll
- Ed

8 |Marking and other information

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

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

Transformers having a range of rated values and able to operate“without adjustnrent
hroughout the range shall be marked with the lower and the_ upper limits of the range
separated by a hyphen.

NOTE 1 Example 115V — 230 V: the transformer is suitable for any value between 115V and 230 V.

Transformers having different rated values, and which\have to be adjusted for use at a
barticular 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 ehly suitable for 115V or 230 V (e.g. a transfofmer
vith a selector switch or different sets of terminals).

NOTE 3 Example 2: 230 V/400 V: The transformerjs only suitable for 230 V or 400 V where 230 V is for sipgle-
bhase operation and 400 V for three-phase operation (e.g., a transformer with terminals for both supplies]).

b) [rated output voltage(s) in volts or kilovolts;

For transformers incorporating a'rectifier, the rated output voltage after the rectifier ghall
be marked with the arithmeticimean value, or the output voltage before the rectifier shall be
bxpressed as RMS value.

NOTE 4 The RMS value is distinguished from an arithmetic mean value by the use of RMS in the marking]
c) [rated output in volt-amperes or kilovolt-amperes and volt-amperes reactive or kiloyolt-
amperes reactivefor reactors;

NOTE 5 For transformers incorporating a rectifier, the rated output can be expressed in watts, instegd of
olt-amperes.ot-kilovolt-amperes.

d) Jrated oatput current(s) in amperes or milliamperes as an alternative to the marking of|the
rated-output;

e) [ated supply frequency(ies) in hertz;

f) rated power factor, if other than unity, for fransformers rated above 25 VA,
g) symbol or abbreviation AC for alternating current or DC for direct current output;

h) 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,;

i) name or trade mark of the manufacturer or responsible vendor;

j) model or type reference;

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

symbol for class Ill construction, for class lll transformers only;
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m)

n)

p)

q)

s)

t)
8.2

transformers suitable for outdoor use shall be marked with the appropriate degree of
protection (IP code);

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

It is recommended that the values of 7, are given in steps of 5 °C for 7, < 50 °C and in steps
of 10 °C for ¢, > 50 °C;

rated minimum ambient temperature ¢, if lower than +10 °C and if a temperature
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 transformer
or corresponds to the operating conditions specified in the relevant part of IEC,61565B-2.
[The marking of short-time duty cycle or intermittent duty cycle shall corrgspond 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 with
intermittent duty cycle shall be expressed in seconds (s) or minutes (min); séparated by an
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 |the
transformer shall be marked with “AF” followed by the air speed, expressed in m/s;

in addition, the manufacturer shall be prepared to provide,the purchaser with the follov
information (in the literature or otherwise):

ng

- 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.

NOTE 6 If the transformer has more than one output winding, the short-circuit voltage to be marked ig the
owest value for the various windings.

Additional markings are allowed provided they do not give rise to misunderstanding.

All markings except those under i)»and j) may be illustrated as QR Code according ISOJIEC
18004.

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

Transformers with protection index IP00, or associated transformers, may be marked

with only the name (or.irade mark) of the manufacturer or responsible vendor and the fype
refdrence (or catalogue*reference). Other characteristics shall then be provided in the data

she

ets of the transformer or in the manufacturer's instruction sheet.

Thel name of ¢dhe* manufacturer or responsible vendor and the type reference may be replaced

by a traceable code.

Thig .information shall enable replacement of the original transformer with an equivalent
transformer-

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

8.3
volt

8.4

If the transformer can be adjusted for different rated supply voltages, the adjusted
age shall be easily and clearly discernible.

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.
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The arrangement of the connections necessary to obtain the various output voltages shall be
clearly indicated on the transformer.

8.5 Non-inherently short-circuit proof transformers with incorporated fuses and non-
short-circuit proof transformers designed to be protected by fuses shall, in addition, be
marked with the rated current (amperes or milliamperes) of the protecting fuse-link, followed or
preceded by the symbol for the time current characteristics of the fuses in accordance with the
relevant publication, if applicable.

Non-inherently short-circuit proof transformers with incorporated replaceable protective
devjcesotherthanfusesandnon=short=circuit proof-transformers—designed-tobeprotegted
with protective devices other than fuses shall, in addition, be marked with the manufacturer's
model or type reference of the protective device, and/or the ratings of the protective devics.

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

NOT[E 2 Non-inherently short-circuit proof transformers with non-replaceable protective” devices needd no
additional marking regarding the protective device.

The marking shall contain sufficient information to ensure proper replacement of the protedtive
devjce.

When replaceable protective devices other than fuses are used,)appropriate information abpout
their replacement shall be provided in an instruction sheety of the equivalent, accompanying
the transformer.

8.6| Terminals intended exclusively for the neutrahconductor shall be identified by the symbol
for peutral.

Protective earthing terminals shall be identified by the symbol for protective earthing.
Terminals of input and output windings'shall be clearly identified.

If amy point of a winding or a terminal is connected to the frame or core, it shall be marked With
the relevant symbol.

8.7 Transformer shall‘be provided with markings clearly indicating the manner in which|the
transformer is to be connected, unless it is evident from the design of the transformer.

8.8| For transformers with type X, Y and Z attachments, the instruction sheet shall contain
the [following infermation or the equivalent:

— for type:X attachments having a specially prepared cord:

'Ifthe’external flexible cable or cord of this transformer is damaged, it shall be replaced
pyd 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";

— 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
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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).

Class Il transformers with parts to be mounted shall be delivered with all parts that make them
class Il after mounting according to the mounting instructions of the manufacturer and shall be
marked with the class Il symbol. Moreover, if the transformer can be mounted without the
covers (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 to connect to the

supply).
8.1 ‘VA\IIiIUII byIIIIUUib dlc© UbUU‘ UTl1 Uquiplllcll‘l Ul ill illbtlubﬁullb, tiIUy bild” IUU as fU”UWb.
Table 1 — Symbols used on equipment or in instructions
Symbol or Explanation or title Identification
grgphical symbol
Vv a Volts
A? Amperes

VA or (VAR) @

Volt amperes (or volt-amperes reactive for reactors)

w a 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.eurrent IEC 60417-5032-1:2002-10
3N ~_ Three-phase alternating current with neutral conductor IEC 60417-5032-2:2002-10
cos ¢ Power facter

Class |l equipment

IEC 60417-5172:2003-02

Class Ill equipment

IEC 60417-5180:2003-02

T[ Equipment of overvoltage category | IEC 60417-6348:2015-10
; II Equipment of avervoltage categary |1 IEC 60417-6349:2015-10
I III ) Equipment of overvoltage category Il IEC 60417-6350:2015-10
- IV - Equipment of overvoltage category IV IEC 60417-6351:2015-10

Fuse (add symbol for time-current characteristics)

IEC 60417-5016:2002-10
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Symbol or Explanation or title Identification
graphical symbol

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
Loin Rated minimum temperature
Minimum temperature for transportation and storage
Frame or chassis (or core terminal) IEC 60417-5020;2002-10
/777
@ Protective earth (ground) IEC 60417-5019:2006-08
IPXX IP number °
J_ Earth (ground or functional earth) IEC 60417-5017:2006-08

indoor use only IEC 60417-5957:2004-12

up to the maximum altitude 3 000 m.

. | . To indicate that the appliance is intended.to be usable IEC 60417-6343:2015-06

<3000m The Ie_tter symbols "_3 000" may be repla_ced by those
for a different numerical value(insmetres) in agreement
with actual applications. The recommended value
should be either 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

2 Multiple or submultiples are allowed (e.g. kV, mA...).

b [The X used in the IPJhumber in this scheme indicates a missing numeral in the example, but both of|the
appropriate numerals_shall be marked on the transformer, if applicable. Additional and supplementary letfers
mentioned in IEC 60529 may be used if necessary.

Thel symbol-for linear power supply units shall be used in conjunction with the symbol
indicating)the kind of transformer.
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Table 101 — Symbols indicating the kind of transformer

Symbol or graphical symbol Explanation or title Identification

<> Safety isolating tranformers for toys

(Inherently short-circuit proof transformers, non-
inherently short-circuit proof transformers or fail- IEC 60417-5219:2006-12
safe transformers)

O O To indicate a fail-safe function, the letter F may be
used adjacent of the graphical symbol.

Power supply unit, linear IEC 60417-6210:2013-10

8.12 The different positions of regulating devices and the different positions of switches ghall
be indicated by numbers, letters or other visual means.

If nimbers are used for indicating the different positions, the "off" pesition 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 jndication. Indications used shall| be
comprehensible without the knowledge of languages,-iational standards, etc.

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

Marking shall, with the exceptions mentiohed below, be clearly discernible when |the
transformer is ready for use.

Marking 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 ipput
terminals and output terminals:

Marking related to the interchangeable protective devices shall be positioned adjacent to|the
basges of these devices,and shall be clearly discernible after removal of any cover and|the
profective device.

8.14 Visible/information (symbols) shall be provided, when it is necessary to take spgcial
pre¢autions(for installation, transportation or use (in the catalogue, data sheet, instruction sheet
or packaging):

— hon<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 installation
shall be made according to the wiring rules;

— for stationary transformers with a rated output exceeding 1 000 VA, the short-circuit
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 respected
when the transformer is built into an appliance as information for appliance design;
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— for transformers not designed for series and/or parallel connection with more than one
output winding, that the transformer is not intended for series/parallel connection.

Compliance with the requirements of 8.1 to 8.14 is checked by inspection.

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

8.15 Marking shall be durable and easily legible.

Corfipliance is checKed by inspection and by rubbing the marking by hand for 15 s with a plece
of dotton cloth soaked with water and again for 15 s with a piece of cotton cloth soaked with
petroleum spirit.

The petroleum spirit to be used for the test is aliphatic solvent hexane with an atomatic confent
of 4,1 % maximum, by volume, a kauributanol value of 29, initial boiling pointrapproximdtely
65 {C, dry point approximately 69 °C and specific gravity of 0,68 g/cm3.

Marnking made by moulding, pressing or engraving is not subjected tothis test.

Aftgr all the tests of this document, the marking shall be easily-legible, it shall not be posdible
to remove labels easily, and they shall show no curling.

8.16 Portable transformers with integrated plugs complying with EN 50075 (IEC plug
typg C), shall use the symbol IEC 60417-6352:2015-10.

The instruction sheet of the plug in transformepr'shall contain the following information| or
equijvalent:

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

NOTJE The countries using this type of plug are mentioned under world plugs type C
(avallable at http://www.iec.ch/worldplugs/itypeC.htm).

Compliance with the requirements is checked by inspection.
8.101 The instructions.for use shall include the following statement or equivalent:

Instructions to parents: "Transformers and power supply units for toys are not intended tq be
usef as toys,and the use of these products by children shall be under the full supervision of
pargnts.”

11

8.1T2 The instructions for use of transformers using power supply cords with the degreg of

profection IP65 shall include the following statement or equivalent:

Instructions to parents: "This transformer or power supply unit for toys is not intended for
permanent outdoor usage and for instance rain conditions shall be avoided.”

9 Protection against electric shock

9.1 General
Transformers shall be enclosed and provided with adequate protection against contact with

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

Compliance is checked by inspection and by the tests of 9.2.1, 9.2.2 and 9.3.
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Protection against contact with hazardous-live-parts

1 Determination of hazardous-live-parts

1.1 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.

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.
sha

Corn
In a

9.2,
15 |
9.2,
15 |
Corn
20

9.2,
Moq

The

Tra
haz

Class | and Il transformers shall be so constructed and enclosed that there is adeqt

prot

For

1.3 Where the voltage exceeds 35 V (peak) AC or 60 V ripple free DC, the touch+cur
| not exceed:

for AC: 0,7 mA (peak);
for DC: 2,0 mA.

hpliance is checked by measuring the touch current as stated in Annex) J.

ddition, when a capacitor is connected to the live parts:

1.3.1 The discharge shall not exceed 45 pC for stored Voltages between 60 V and
V, or

1.3.2 The energy of discharge shall not exceed’350 mJ for stored voltages exceedi
V.

npliance of 9.2.1.3.1 and 9.2.1.3.2 is checked:by measurements carried out with a loa

D0 Q.

2 Accessibility to hazardous-live-parts

ification:
standard test finger of Figure 4 is replaced by the small test finger of Figure 101.

hsformers shall be constructed to provide adequate protection against accessibilit
ardous-live-parts:

ection against accidental contact with hazardous-live-parts.

at ITast basic insulation.

rent

d of

to

ate

classti“transformers, accessible parts shall be separated from hazardous-live-parts by

Class Il transformers shall be so constructed and enclosed that there is adequate protection
against accessibility to basic insulation and to conductive parts separated from hazardous-
live-parts by basic insulation only. Only parts separated from hazardous-live-parts by
double or reinforced insulation may be accessible.

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

e lamps having caps larger than B9 and E10;

e type D fuse-holders.

IPO0 transformers shall comply with the end product standard after incorporation in the end
product.
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The insulating properties of lacquer, enamel, paper, cotton, oxide film on conductive parts and
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).

NOT

E 1 Self-hardening resins can be relied upon to give the required protection against accidental contact with
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.

In 4

ddition, openings in class Il transformers, and openings in class | transformers_o

thanp those in conductive parts connected to a protective earthing terminal, are tested with

test

The

The
pos
exc
the
If th
pos
fing|

pin shown in Figure 3.

20

A

|

Dimensions in millim

225 0,2

L

210

IEC

Figure 3 — Test'pin (see IEC 61032, test probe 13)

test finger of Figure. 4 is applied without appreciable force, the transformer being in e
sible position exeept that transformers normally used on the floor and having a m
beding 40 kg arernot tilted. Through openings, the test finger is applied to any depth

finger will permit and is rotated or angled before, during and after insertion to any positjion.
e openingydoes not allow the entry of the finger, the force on the finger in the stra
tion is increased to 20 N. If the finger then enters the opening, the test is repeated with
er in the.angled position.

ther
the

bters

test finger and the test pin@re applied, without appreciable force, in every possible position.

ery
ass
that

ight
the
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~ R2 +0,05
SR4 £0,05 Cylindrical
IEC
Materak—metal—exceptwhere—otherwise-specified

Linear dimensions in millimetres

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

— up to 25 mm: _%05

— over25mm: 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 4 — 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 case of doubt, an electrical contact indicator, with a voltage not less than 40 V, is used, with
a test pin.

It shall not be possible to gain access to live parts of the input circuit or to the’metal parts
sepprated from live parts by basic insulation only, even after removal of thé covers that|can
be nemoved with the aid of a tool.

Dimensions in millim¢tres

Sphere r=4,3

Pivots points

238

Extension
Collar

IEC
wherle
Matdrial is metal

Tolefances on dimensions are +0;125 mm

Both|joints shall permit movement in the same plane and the same direction through an angle of 90° with a 0° tg 10°
tolerpnce

Figure 101 — Small test finger

9.23 Accessibility to non hazardous-live-part

Nor| hazardous-live-parts of the output circuit isolated from the input circuit by doublg or
reinfarced 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, both poles
may be accessible;

e for no-load output voltages exceeding 35V peak AC or 60 V ripple-free DC and not
exceeding 250 V AC, only one of the poles may be accessible.
9.3 Protection against hazardous electrical discharge

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

For transformers without a primary supply plug, the terminals provided for connecting the
transformer to the supply source shall not be hazardous-live measured 5 s after disconnection
of the supply source.
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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 more
unfavourable in the on-position.

The test shall be carried out 10 times or with a device used to switch off at the most unfavourable

I st I I NN L L
elecgtrrcaratrgreortrire—suppry-vorage:

The voltage is measured between the input terminals or between the supply leads otbetween
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 conditijons
and| shall not exceed 45 uC.

10 |Change of input voltage setting
Trapsformers shall have only one rated supply voltage or oneirated supply voltage range.

Compliance is checked by inspection.

11 |Output voltage and output current underiload
Modification:

When the transformer is connected-to the rated supply voltage, at the rated supply
frequency and loaded with an impedance resulting in the rated output at the rated ouf{put
voltage and, for an AC rated power factor, the output voltage shall not differ from the rated
valye by more than 10 % for ACior'15 % for DC.

Thig requirement is applicable to all the output windings and their tappings.

11.1 When the transformer is connected to the rated supply voltage, at the rated supgply
frequency, and loaded with an impedance resulting in the rated output at the rated ou{put
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-circuit proof transformers with one rgted
output voltage;

b) 10~ % forthe highestoutputvottage of imherentty short-tircuit proof transformers—with

more than one rated output voltage;

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

d) 5 % for the output voltages of other transformers.

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
established, 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
voltage and the rated power factor.
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For transformers incorporating a rectifier, the output voltage is measured at the terminals of
the DC circuit by means of a voltmeter giving the arithmetical mean value, unless the effective
value RMS is specifically stated (see 8.1).

For transformers with more than one rated supply voltage, the requirement is applicable for
each 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

out
with

If n

purg
volt

Con

12

The
Par

For

output terminals of the rectifier if they are*connected to terminals or terminations.

med
The
arit

12.1
tran
for

12.1
sha

The

under load /measured during the test of Clause 11, expressed as a percentage of the I3

volt

The

put current, and the rated power factor, these values shall be substantially in agree
each other.

b rated output current is assigned to the transformer, the rated output. ‘cufrent for
pbose of this specification can be calculated from the rated output and, the rated ouf
age.

hpliance is checked by calculation.

No-load output voltage

relevant requirements for the no-load output voltage limitation are given in IEC 61
2 for the different types of transformers.

transformers incorporating a rectifier, the output voltages are measured at the input
surement at the input terminals of the réctifier is made if they are accessible to the u

output voltage is measured at the terminals of the circuit with a voltmeter giving
pmetic mean value, unless the effective value RMS is specifically stated (see 8.1).

01 The no-load output voltage shall not exceed 33 V AC or 46 V ripple-free DC. Forn
sformers, this output voltagé-limitation applies even when output windings not inten
nterconnection are connegted in series.

02 The difference between the no-load output voltage and the output voltage under |
| not be excessive)

ratio between'the no-load output voltage measured in Clause 12 and the output volt

age, shalnot exceed 10 % for AC or 15 % for DC.

ratio is determined by Formula (1):

If a transformer is marked with the rated output, the rated output voltage, the rgted

ent

the
put

558

and
The
ser.
the

toy
ded

oad

age
tter

Uno-load — Uload <1 OO(%)
lﬂoad

where

U,

no-load

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

Uload is the output voltage under load, expressed in V.

(1)
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Compliance with the requirements of 12.101 and 12.102 is checked by measuring the no-load
output voltage at the ambient temperature when the transformer is connected to the rated
supply voltage at the rated supply frequency.

13 Short-circuit voltage
Not applicable.
14 Heating
Modification:
Reglace the requirements for external enclosures of Table 2 of stationary transformers by
the ffollowing:
Table 2 — Values of maximum temperatures in normal use
Parts Temp:erature
©
Exfernal enclosures (which can be touched with the small test finger of
Figure 101), handles and the like, if made of
- metal; 58
—  other material. 71
Exfernal enclosures (which cannot be touched with the small test finger of
Figure 101). 85
14.1 General requirements
14.1.1 Temperature-rise test
Trapsformers and their supports_shall not attain excessive temperature in normal use.
Thel manufacturer may choosé the simulated load methods according to 14.1.2.1 or 14.1[2.2
instpad of the direct load method that may be applied.
NOTEE 1 The simulated lead“methods are according 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 andthe measurements are made in a draught-free location having dimensions duch
thal the testresults are not influenced. If the transformer has a t, rating, the test is condu¢ted
at (1, £,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
transformers 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.
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Transformers with a protection index other than IP0O0 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

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.

Trapsformers are supplied at the rated supply voltage and loaded with impedance produg¢ing
the [rated output, at the rated output voltage and, for AC current, at the rated power fadtor.
The value of the output current is measured when steady-state is established. Then’the supply
voltpge is increased by 10 % and the output current is adjusted to the samesvalue measyred
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~-as‘more unfavourable
situgtion.

Associated transformers are operated under the conditions occurring when the appliancge or
othe¢r equipment is operated under the conditions of normal use-as indicated in the relevant
spegifications. Transformers with intermittent ratings shall b€ tested at the intermittent ratings,
untiy steady-state conditions are established.

The temperatures of windings are determined by thecctrange of resistance method.

NOTE 4 One of the methods consists of measuring each winding separately, and of determining the resistan¢e of
windjings at the end of the test by taking resistance measttements, as soon as possible after switching off, and|then
at short intervals, so that a curve of resistance against@ime can be plotted to ascertain the resistance at the ingtant
of sWitching off.

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

=B ) (1pap) 0

Altgrnative calculation_of\the maximum temperature in reference to the ambient temperature is
calqulated with Formulae (2) and (3):

R,-R
T=t, +M(x+tl )—(t,—t,) 2)
Rl
or T=t, +At (3)

where

x = 234,5 for copper;

x = 225 for aluminium;

At is the temperature rise, above t, so that the maximum temperature equals At + t5;

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

t is the ambient temperature;

a

T is the maximum temperature.

At the beginning of the test, the windings shall be at ambient temperature.

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 [fest temperature equals At 7.

For|transformers with more than one input or output winding, or a tapped input 6r output
winding, the results to be considered are those showing the highest temperature:

Trahsformers with a winding resistance less than 50 mQ can also”\be” measured| by
thefmocouples. The thermocouples shall only be mounted on accessible surfaces of|the
trarisformer windings. The maximum values of Table 2 for windingCtémperatures shall| be
reduiced by 10 °C for the thermocouple measurements.

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

Thermocouples used for determining the temperature f the surface of supports are attached
to the back of small blackened discs of copper or hrass 1 mm thick and 15 mm in diamgter
whigh are flush with the surface.

The temperature of electrical insulation (other than that of windings) is determined on|the
surface of the insulation at places where failure could establish a contact between hazardqus-
Iiv%parts and accessible conductivelparts, or a reduction of creepage distances or
clearances below the values specified(n Clause 26. In addition, thermocouples shall be placed
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|the
transformer is operated af(its rated ambient temperature (25 °C or t,). In those 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 2 and when establishing the |test
temperatures in 27-2-and 27.5.

14.1.2 Alternative temperature-rise test
14.1.2.1_<-Simulated load method

This method is applicable for an enclosed or non-enclosed or totally enclosed dry type unit With
natural air or forced air cooling.

Temperature rise is established by combining the short-circuited test (load loss) and the open
circuit test (no-load loss).

The temperature of the transformer shall be stabilized with that of the test laboratory
environment. The resistance of the primary and secondary windings shall be measured, these
values will be used as reference values for the calculation of the temperature rise of the two
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.
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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
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-
stafle_condition of the winding and magnetic core is oblained, individual winding temperafure
rises, 40, shall then be measured.

The test procedure shall be either:

— the winding short-circuited test carried out until stabilisation of the core: and the wingling
femperature. Subsequently, an open-circuit test shall be carried out until stabilisation ofl the
rore and winding temperature is reached.

or

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

The| total winding temperature rise, 40°. of each winding, with rated current in the winding jand
norfnal excitation of the core, is calculated with Fotmula (4):

K1

/K1
AG =AD. 1+(A06j 4)
AG,
whgre
46’4 is the total winding temperature rise;
40| is the winding temperature rise at the short-circuited test;
A8 | is the individualwinding temperature rise at the open-circuited test;

K1 § 0,8 for natural’air cooling and 0,9 for forced air cooling.
14.1.2.2 Back-to-back method

This methad is appropriate when there are two similar transformers and the necessary [test
equjpment is available. It is applicable for enclosed or non-enclosed dry-type units with natural
air orforced air cooling

The temperature of the transformer shall be stabilised with that of the test laboratory
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 the
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
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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.

A

IEC

Key

Voltage source at rated frequency for no-load losses

vs]
1l

Source for rated current at rated frequency for load’/losses

4 Booster transformer

Figure 5 — Example of-back-to-back method — Single phase
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Key

14.1

The
con
per

For
ther

B IEC

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

Booster transformer

Figure 6 — Example of back-to-back method — Three phase

.3 Determination of steady-state conditions

ultimate temperature rise is reached-when the temperature rise becomes constant; th
sidered to have been achieved wheén the temperature rise does not vary by more than
hour.

the purpose of detefmihing when steady-state conditions have been achie
mocouples shall be applied to the following surfaces:

For all types of transformers defined in Clause 3: centre of top yoke and as closg
practicable to the-innermost winding at the top of the winding, the measurement being
the centre leg ofa three-phase transformer.

)
X @

ed,

as
on
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Table 2 — Values of maximum temperatures in normal use

Parts? Temperature
°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 EP 115

— ofclassBP 120

— ofclass FP 140

— of classHL 16

— of other classes © Q

Externdl enclosures ¢ (which can be touched with the standard test finger) of stationary

transfofrmers, if of:

— bare[metal 65

— metall covered by lac or varnish 70

— othef material 80

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

transfofrmers

Externd enclosures 9 handles and the like of portable transformers:

— if, in[normal use, these parts are continuously held (for example for hand held transformers):

« of metal 48
» of other material 48

— if, in[normal use, these parts are not continuously held:

« of metal 60
» of other material 80

Terminals for external conductors and terminals of switches 70

Insulatipn of internal and external wiring ©:

— of rupber 65
* of polyvinyl chloride 70
Partg the deterioration of which could affect safety ©:

— of rupber (other than insulation of wiring) 75
+ df phenolformaldehyde 103
» (f ureaformaldehyde 85
« df impregnated paper and fabric 85
» df impregnated wood 85
» df polyvinyl chloride (other than'insulation of wiring), polystyrene and similar thermo-plastic 65
matgrial
» (f varnished cambric 75

Supporfs 85

Printed|boards ©:

— bonded with phenol-formaldehyde, melamine-formaldehyde, phenol-furfural 105
or pglyester
* bppnded with epoxy 140

a8 If ofher(materials are used, they shall not be exposed to temperatures in excess of those which have been|proved

perrhissiblefor these materials

The classification is in accordance with IEC 60085 and IEC 60216 (all parts); however, the values have been adjusted
to take into account the fact that, in these tests, the temperatures are mean and not hot-spot values.

¢ If other insulating materials than those covered by IEC 60085 and IEC 60216 (all parts) are used, the insulation system

shal

| withstand the test of 14.3.

the value specified for the appropriate external enclosure.

If any component is part of the external surface of the transformer, the temperature of that component shall not exceed

€ The grades of rubber and polyvinyl chloride insulation are those covered by IEC 60245 (all parts) and IEC 60227 (all

part

s), respectively.

(2002-10) shall be used.

If the surface temperature limit of accessible parts exceeds the required values the warning symbol IEC 60417-5041
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An explanation of the appropriate hot-spot reduction for the maximum winding temperature can
be found in Table 3 for each insulation classification according to IEC 60085.

Table 3 — Explanation of the maximum winding temperatures required in Table 2

Ins

ulation classification Maximum temperatures Hot spot reduction Maximum final

according 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 15 165

Class H 165 15 180

Thd

ned

vallies of the windings temperature. To cover also the peak values inside the winding, the’ hot spot reductio

measuring of the winding temperature is based on the resistance method. So the measured values are m

essary.

ban
is

The
sha

Immediately after the test, the specimen shall withstand a’dielectric strength test as spec

in 1
and

Dur
and
con

NOT
up tg

14.3

The

14.]
med

temperature rise on the heating elements of protective devjees'touching insulating mate
| also be measured.

8.3, the values are specified in Table 14 and the(test voltage being applied between in
output circuits only.

fng and after the test, the electrical connections shall not be loose, creepage distan
clearances shall not be reduced to less than the values specified in Clause 26, sed
pound shall not melt, and overload protéctive devices shall not operate.

E According to IEC 60038 the nominal“voltage tolerance of + 10 % is also applicable for an AC voltage \
1 000 V and a DC voltage value upxto1 415 V.

P Application of 14.1 or.14.3 according to the insulation system

following apply to the windings.

.1 If the manufacturer has stated which class of insulation system has been used,
sured température of the winding shall not exceed the relevant value given in Tab

(co

14.
me
ins

sidering t)if stated).

.2 (If\the manufacturer has not stated which class of insulation system has been used|

brial

fied
put

ces
ling

alue

the
e 2

the
S A

stired temperature of the winding shall not exceed the value given in Table 2 for clas

14.2.3 If the manufacturer has not stated which class of insulation system has been used
the measured temperature of the winding exceeds the value given in Table 2 for class A
insulation system (considering t, if stated), the live parts of transformers (core and windings)

are subjected to the tests of 14.3. The temperature of the heating cabinet is chosen according

and
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to Table 4, taking the value of t, into account. The temperature value to be chosen in Table 4

is the next highest value to the calculated temperature value.

14.3 Accelerated ageing test for undeclared class of insulation system

14.3.1 General

When applicable (see 14.2, 19.12.3 and 26.3), the live parts of the transformer (core and
windings) are subjected to the following ageing test, each cycle consisting of a heat run,
vibration, and a moisture treatment. Measurements are made according to 14.3.5.

The number of specimens is as indicated in 5.2. The specimens are subjected to 10 testeyo

14.3.2 Heat run

Depending on the type of insulation system, the specimens are kept in a heating,cabinet for

les.

the

combinations of time and temperature recommended by the manufacturerin accordance Wwith
Table 4. The 10 cycles are carried out with the same combination.
The temperature in the heating cabinet is maintained within a tolerance of + 3 °C.
Table 4 — Test temperature and testing time (in_days) per cycle
Test temperature Testing'time for the thermal class
oo of the insulation system
(days)
100 °C 115 °C 120 °C 140 °C 165 °C

220 4

210 7

200 14

190 4

180 7

170 14

160 4

150 4 7

140 7

130 4

120
Corfesponding classification according to A E B F H
IEC| 60085/and IEC 60216 (all parts)

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;
— amplitude: 0,35 mm;
— frequency range: 10 Hz, 55 Hz, 10 Hz;


https://iecnorm.com/api/?name=4866ceb7d6556bcfc276962cbfc2aaa4

- 60 - IEC 61558-2-7:2023 EXV © IEC 2023

— sweep rate: approximately one octave per minute.
14.3.4 Moisture treatment

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

14.3.5 Measurements

All the following measurements and tests are made and conducted before the cycling and after
each complete cycle:

— [he no-load input current or Its ohmic value.

The no-load input current or the ohmic component of the no-load input current shatl-nof be
more than 30 % greater than the corresponding value obtained during ‘the initial
measurement;.

— the insulation resistance is measured according to 18.1 and 18.2;

—  dielectric strength test according to 18.3 and 18.4. However, the values of the test voltages
hre reduced to 35 % of the specified values and the testing time is doubled;

— [he following test only for transformers with a rated supply frequéency of 50 Hz or 60|Hz.
After the dielectric strength test, one input circuit is supplied 'by“a test voltage of at I¢ast
1,2 times the rated supply voltage at double the rated supply frequency for 5 min| No
oad is connected to the transformer. During the test,\polyfilar windings, if any, |are
connected in series. A higher test frequency than the doublé supply frequency may be used;
the duration of the period of connection, in minutes;\being equal to 10 times the rqted
supply frequency divided by the test frequency, but not less than 2 min.

Durfng the above tests, there shall be no breakdown of the insulation between the turns pf a
wingling, between input and output circuits, hetween adjacent input or output circuits, or
between the windings and any conductive core.

If, after the completion of all 10 cycles, one or more specimens fail, the transformeyr is
congidered as not having complied with’the accelerated ageing test.

15 |Short circuit and overload protection

15.1 General requirements
15.1.1 Short circuit)and overload test method

Trahsformers shall not become unsafe due to short circuits and overloads that may occyr in
normal use.

Complidnee 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

O C e PPTY O ade

Y ’

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 fail-safe transformers, by the tests of 15.5;

— 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 again with the
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
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the selected output winding is short-circuited.

windings intended to be loaded at the same time are loaded at the rated output and then

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

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.

Table 5 — Maximum values of temperatures under short-circuit
or overload conditions

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

Winding protected inherently
SuHclause 15.2 150 165 175 190 210
Winding protected by protective device:
a) $ubclauses 15.3.2 - 15.3.3 - 15.3.4

-4 during the time required or the time T given in Table 6 @ 200 215 225 240 260
b) $ubclause 15.3.1

< during the first hour, peak value 200 215 225 240 260

-+ after the first hour, peak value 175 190 200 215 235

- after the first hour, arithmetic mean value P 150 165 175 190 210
c) Jubclause 15.3.5 175 190 200 215 235
External enclosures (which can be touched with the standard 105
tesf finger)
Ruflber insulation of wiring 85
PV insulation of wiring 85
Sugports (i.e. any area on the pine plywood surface covered 105
by the transformer)
a8 IThe maximum temperature tg be considered is the maximum 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
A period of test wunder consideration. The arithmetic average temperature (¢a) is determined by Formula (5)

t +¢ )2

AT (tmax min)

where

tnfex IS the average of the maxima;

for

L L.
e mrhTaT

: .
[3 . o UIc aviaycT uUTr U
min EJ

O A

o

Time
IEC
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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.

NOTE The humidity treatment of 17.2 is not applied before this dielectric strength test.

Trapsformers—shattbeofeither-short=circuit-proof-or-fait=safe—construction—Short=cirquit-
propf transformers shall withstand overloads that can occur during normal use. They shall| not
incqrporate fuses.

If the short-circuit output current exceeds 20 A, a non-self-resetting overload protective deyice
shall be incorporated.

Norl-self-resetting overload protective devices, if any, shall be incorporatedvin the input cirquit.
Reflace the requirements for external enclosures of Table 5 by the following:

Table 5 — Maximum values of temperatures
under short-circuit or overload «cconditions

Maximum temperature
Parts
°C
External enclosures (which can be touched with the smallytest finger of
Figure 101), if made of
—  metal; 58
— other material. 71

15.1.2 Alternative short circuit and overload test method

The manufacturer may choese to apply any of the following methods described in 14.1.2.1 jand
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 shert-circuit proof transformers are tested by short-circuiting the output
winldings until steady-state conditions are reached.

15.3 .ANon-inherently short-circuit proof transformers

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

15.3.1 The output terminals are short-circuited. The incorporated overload protective device
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 time T and with a current equal to
k times the current marked on the transformer as the rated current of the protective fuse-link,
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where k and T have the values shown in Table 6. The current in the fuse shall be kept constant
during the test. The fuse-link is replaced by a link of negligible impedance.

Table 6 — Values of 7 and k for fuses

Values marked as rated current I, T k
of protective fuse-;\ink for gG and gTr h

I, s 4 1 2,1

4<] <16 1 19

16 < <63 1 1.6

63 </, <160 2 16

160 < 7 <200 3 1,6

200 </, ,=1000 2 1,5

NO
fus
val

, the value of kis 1,9.

[TE 1 For cylindrical fuses gG type B for use by unskilled persons according to(hEC"60269-3:2010, and
es for use by authorised persons with fuse-links for bolted connections according-to IEC 60269-2:2013,
e of kis 1,6 for 7 < 16 A.

TE 2 For D-type fuses for use by unskilled persons according to IEC §0269-3:2010 for a rated current of]

for
the

15.]
veh
equ
time
fusd
imp

NOT]
indid

If tH
add
con

15.]
tect
IEC]
circ

8.3 If protected by miniature fuses in accordance with IEC 60127 (all parts), or by 1
icle blade type electric fuse-links according. te{ ISO 8820 (all parts), or by a technid
ivalent fuse, the transformer is loaded for a_period corresponding to the longest pre-ar
b with the relevant current as specified in the-appropriate standard sheet. The current in
e shall be kept constant during the test~\"The fuse-link is replaced by a link of neglig
pdance.

E A technically equivalent fuse is a fuse-link having the same time-current characteristics as one of t
ated in IEC 60127 (all parts) or in 1ISQ_8820 (all parts).

e transformer is protected by miniature fuses in accordance to IEC 60127 (all parts)
itional overload test shalV’be performed at 1,5 times the rated fuse current until steady-s|
dition.

8.4 If protected by a circuit-breaker in accordance with IEC 60898 (all parts), d
nically equivalent circuit-breaker, the transformer is loaded for the time indicate
60898 (all_parts) with a current equal to 1,45 times the value of the rated current of

oad
ally
Cing
the
ible

nose

an
tate

r a
) in
the

Liit-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.

.9 [T protected Dy:

— 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 lowest current which
causes the protective device to operate, until steady-state conditions are reached. The lowest
current causing the protective device to operate is determined by initially operating the
transformer at 100 % of the rated output, and gradually increasing the output current in steps
of 2 %, (each step is maintained until steady-state condition is achieved) until the protective
device operates.
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If the protective device is an intentional weak part, the above test is repeated on two new
samples. During the test on the first sample, the weak part shall operate in the same manner
and place as above. During the test on the second sample, the temperatures shall not exceed
the values in Table 5 in the steady-state condition.

15.3.101 The transformer having a short-circuit output current exceeding 20 A shall be
connected to the rated supply voltage in the cold condition (i.e., as received and in the normal
room ambient), and each output circuit or winding shall be short-circuited, one at a time, while
the other windings or output circuits are open-circuited.

d in

iate
uit.

Associated non-short-circuit proof transformers are tested tnder the most unfavourable
congitions of normal use with the appropriate protective device specified by the manufacturer
instplled in the input or output circuit, and in the most uhfavourable load conditions for|the
type of equipment or circuit for which the transformer iscdesigned. Examples of unfavourable

15. Fail-safe transformers

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

Eadh of the three specimens is mounted as in normal use on a 20 mm thick dull black painted
plywood surface and heated inlLaccordance with 14.1 until the temperatures stabilise. Hach
transformer is then operated.at 1,1 times the rated input voltage, the output winding which
prodluced the highest temperature during the test of 14.1 being initially loaded with 1,5 tilnes
the rated output current (or, if this is not possible, the maximum value of the output curfent
obtainable) until steady-state conditions are reached, or the transformer fails (whichgver
occuyrs 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
cho ) e ouitod. ) i i ;

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.

15.5.2 At any time during the tests of 15.5.1:

— the temperature of any part of the enclosure of the fail-safe transformer that can be
touched with the small test finger of Figure 101 shall not exceed

e 58 °C if made of metal;

e 71 °C if made of other material.
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— 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 the
values according to Clause 18, Table 14. The test is made input-to-body for all kinds of
transformers and, in addition, input-to-output for safety isolating, isolating and
separating transformers;

hazardous-live-parts. In case of doubt, contact with hazardous-live-parts is detecte
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|not
conplying with the above test.

16 |Mechanical strength

16.1 General

Trapsformers shall have adequate mechanical strength, and/be.s0 constructed as to withstand
rough handling as may be expected in normal use.

Compliance is checked by the test of 16.2 for stationary. transformers and by the tests of 16.2,
16.8, 16.4, and 16.101, as appropriate, for portablé transformers.

Dimensions in millimg¢tres

1000

400

Specimen

Steel packing block

B T W W Y Y N N e W VN T T A A A A A O A . 4 R Y

IEC
Figure 102 — Arrangement for impact test for transformers (see 16.101)

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.
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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.

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
prolects 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 @pplying|the
blows, the fixing screws of bases and covers are tightened with a torque equal ¢¢ \two-thirds of
thatl specified in Table 18.

Ifthiere is a doubt as to whether a defect has occurred by the application-of the preceding blqws,
the |defect is neglected, and the group of three blows is applied to the-same place on a hew
sample which shall then withstand the test.

Parts of IP00O transformers, which are not accessible when the-transformer is mounted i an
appliance or other equipment, are not subjected to the test,

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

Portable transformers except those portable.transformers with integral pins for introdudgtion
in spcket-outlets of the fixed wiring are held injtheir normal position 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
congrete support. One hundred falls arescarried out at a rate not exceeding one fall per 5 &

The height shall be measured fromnthe 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 positiop of
suspension with a minimum of disturbance at the moment of release.

If the transformeri.js provided with fixed external flexible cable(s) or cord(s), they are cyt to
a lejhgth of 100«mm.

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

16.4-+—Generalrequirements

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

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

Plug in power supply units with integral main plug complying with EN 50075 (IEC plug type C),
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 using this type of plug are mentioned under world plugs type C
(available at http://www.iec.ch/worldplugs/typeC.htm).
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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.

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
t need not be operable.

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

Distortion of pins and damage to the finish and small dents whichy do not reduce|the
creepage distances or clearances below the values specified in 27¢1/0f IEC 60884-1:2002,
EC 60884-1:2002/AMD1:2006 and IEC 60884-1:2002/AMD2:2013 are neglected.

b) [The pins shall not turn when a torque of 0,4 Nm is applied, first in one direction 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, in the sense of this
Hocument.

c) WA pull force as given in Table 7 is applied withoutjerks for 1 min on each pin, in turn, land
in the direction of the longitudinal axis of the pif)

The pull force is applied within a heating cabinet>at a temperature of (70 = 2) °C, 1 h afterthe
devfce has been placed in the heating cabingt,

Table 7-= Pull force on pins

Rating of the equivalent plug type Number of poles Pull force
N
Up fo and including 10 A 130/250 V 2 40
3 50
Abqve 10 A up to and inclliding 16 A 130/250 V 2 50
3 54
Abdve 10 A up to and jncluding 16 A 440 V 3 54
More than 3 70

For|the\purpose of this test, protective earthing contacts, irrespective of their number, |are
congidered as one pole.

After the test, and after the device has cooled down to ambient temperature, no pin shall be
displaced in the body of the device by more than 1 mm.

16.4.2 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.
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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
— 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, butit\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.

5) The pull test according to IEC 60884-1:2002, 24.10 shall be dohe with the same samples
which have been in the tumbeling barrel test. For the pull test, the pins, if distorted, ghall
be accurate into the vertical possition. The pin shall not bréak.

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

The torque test shall be done with new samplés. The pins shall not turn when a torqup of
0,4 Nm is applied, first in one direction for 1, minr and then in the opposite direction for 1 min.

NOTE This testis not carried out when rotation of the.pins does not impair the safety, in the sense of this document.

16.5 Additional requirements for transformers to be used in vehicles and railway

16.5.1 Transformers to be use€d-in vehicles and railway applications

applications

An additional test according-'lEC 61373 shall be performed with conditions of Table 8 and
Table 9 and the frequency values depending on the weight of the specimen are defined in
Table 10
Table 8 — Conditions for vibration testing (random)
RMS value
Directions Testing duration Frequency range
m/s?2
X-Y-Z 5h per axis 5,72 Figure 7

Table 9 — Amplitude spectrum density ASD values for accelerated life testing

ASD value
Directions
(m/s?)?/Hz

X-Y-Z 0,964
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—
—

ASD ((m/s2)2/ Hz)
(logarithmic graduation)

9 dB / octave

Upper limit value

— 69 —

Tolerance range + 3 dB
of the rated spectrum

- 6 dB / octave

Lower limit value |

Standard value \

—

/i

Figure 7 — Amplitude spectrum density forrandom testing

Table 10 — Frequency values depending onXthe weight of the specimen

20

/2

(logarithmic

Frequency (Hz)

—

graduation)
IEC

Frelquency values

Fora mass < 500 kg f1=S5Hz f, = 150 Hz

Forla mass > 500 kg and < 1 250 kg f1=1250x2H fz=1250x60Hz
mass mass

Forla mass > 1 250 kg fi=2Hz f, = 60 Hz

16.5.2 Test requirements for the transportation of transformers

Sha
per

ck and vibration testing requirements for transformers subjected to while being transpo
IEC 60721-3-2 with conditions according to Table 11 and Figure 8.

Table 11 — Excitation values for vibration testing

rted

Type ofwibration Unit Values
mm 3,5
Sweptsine s> 16 45
Hz 2t09 9 to 200 200 to 500
(m/s?)2/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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Figure 8 — Normalised spectrum of shock
16.101 In addition, transformers are subjected'to the following test:

The

The

5 mim. It is mounted in contact with the wall, or, if necessary, in contact with a steel pac

blog

The

the lbar, the point of suspension being 1 m above the bar. It is then drawn away from the ba

ap

The
par
sha

k which is in contact with the wall.

transformer is suspended by its flexible cable or cord so that it rests against the corng

ane perpendicularto the wall until it has risen through a height of 400 mm.

bllelogram) one blow is applied to each of the six sides of the transformer; for transform
ped difterently, one blow is applied to each similarly exposed side.

it, the transformer does not hit the bar.

transformer is dropped against a steelbar mounted on a solid wall of brick, stone, conclete
or the like, as shown in Figure 102.

bar is of 40 mm x 40 mm x 5_mm right-angle section with the corner rounded to a radius of

ing

r of
rin

transformer is allowed to fall against the bar. For transformers shaped as a cub¢ or

ers

In addition, the transformer is allowed to fall freely from a height of 400 mm onto a steel plate,
at least 5 mm thick, placed on a flat concrete base.

The number of falls is 10 times with the transformer cable mounted as in normal use, and the

orie

ntation of the transformer is different for each fall.

After the test, the transformer shall show no damage within the meaning of this document. In
particular, live parts shall not become accessible.


https://iecnorm.com/api/?name=4866ceb7d6556bcfc276962cbfc2aaa4

IEC

17

61558-2-7:2023 EXV © IEC 2023 -71 -

Protection against harmful ingress of dust, solid objects and moisture

17.1 Degrees of protection provided by enclosures (IP code)

17.1.1 General requirements

The

enclosure of a transformer shall provide the degree of protection against ingress of dust,

solid objects and moisture in accordance with the classification of the transformer and the IP
number marked on the transformer, except IP1X which shall be marked and tested as IP0O.

NOT,

1 _An explanation of the IP cade system is gi\/pn in Annex Q

NOT]

Con
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hazardous-live-parts and hazardous moving parts.
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E 2 The degree of protection IP0O is not covered by Clause 17.

npliance is checked by the appropriate test specified in 17.1.2, and for other IR rating$ by
appropriate test specified in IEC 60529. If additional letters are used, the transformers dhall
ply with the relevant requirements of IEC 60529 where the test probe shall not tduch

bre the test of second characteristic numeral, with the exception(0f IPX8 and higher,|the
sformer shall be switched on under the rated output conditions and brought to a stable
rating temperature at the rated voltage.

water for the test shall be at a temperature of (15 + 10)\)C.

nsformers shall be mounted and wired as in norinal use with, where relevant, a suitable
) inserted in the output circuit.

nsformers not provided with an external flexible cable or cord, are fitted with extefnal
hg, as specified in Clause 22, using the most unfavourable type and cross-sectional arga.

tests of 17.1.2 A to J, a fixed transformer intended for mounting with its body in conftact
a surface shall be tested on-~a" board equal in overall size to the projection of|the
sformer, if not otherwise specified.

nsformers with enclosure having provisions for draining water by means of drain holes shall
mounted with the lowest-drain hole open unless otherwise specified in the manufactuner's
allation instructions.\Ventilation openings are left open during the test.

table transformers wired as in normal use, shall be placed in the most unfavourable
ition of normal use.

hds, if-any, shall be tightened with a torque equal to two-thirds of that applied to glands in
test\of 25.6.

After completion of the tests, the transformer shall withstand the dielectric strength test

spe

a)

b)

c)

cified in 18.3 and inspection shall show:

no access with hazardous-live-parts or hazardous moving parts with the relevant test
probe according to the test described in 17.1.2, items A 1), B 1) and C 1). The test finger
may penetrate but the stop face (¢ 50 x 20 mm) shall not pass through the openings for the
number 2 of the first characteristic numeral

no entry into the transformer enclosure by the relevant test probe for solid-object-proof
transformers according to test described in 17.1.2, items A 2) and B 2). The protection is
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 the
powder were conductive, the insulation would fail to meet the requirements of this document
(test described in 17.1.2, item C 2);
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d) no deposit of talcum powder inside enclosures for dust-tight transformers (test described
in 17.1.2, item C 2);

no trace of water on live parts except SELV parts below 15 VAC or 25 V DC or on insulation
where it could become a hazard for the user or surroundings, for example where it could
reduce the creepage distances below the values specified in Clause 26;

e)

f)

9)

17.1

A

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

no water or trace of water entered inside the enclosure of a watertight transformer.

1)

2)

1)

.2 Tests on transformers with enclosure

Solid-object-proof transformers (first characteristic IP numeral 2) shall be tested as follqws:

with the standard test finger specified in IEC 60529 applied with a force of 10N, with a
relative tolerance of +10 % and the test pin specified in Figure 3 accdrding to|the
requirements of Clause 9 and 26.2;

with a rigid sphere without handle or guard 12,5."* mm diameter applied with a force of
30N, with a relative tolerance of £+10 %

Solid-object-proof transformers (first characteristic IP numerals 3varnd 4) shall be testedl as
follows:

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:

Table 12 — 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
2,57,
First IP numeral 4 D 1+0.05 (1£0,1)N
0

2)

The end of the probe wiré shall be cut at right angles to its length and be free from byrrs.

With a rigid steel rod with 2,550’05 mm diameter with edges free from burrs applied With
a force of 3 N~with a relative tolerance of £10 %, for first characteristic IP numeral 3land
with a rigid(steel wire with 150’05 mm diameter with edges free from burrs applied wigh a

force of 42N, with a relative tolerance of £10 %, for first characteristic IP numeral 4. |The
probes{are intended to simulate foreign objects which may be spherical. Wherd an
enclosure has an indirect or tortuous entry path and there is any doubt about ingresjs of
& spherical object capable of motion, it may be necessary to examine drawings dr to
provide special access for the object probe to be applied with the specified force to|the

taohna choeclad
O C—

opapinag (o) whaora inarnca hao
O g5/ WiherCTRgTreSsSSTiIas HCCrKea-

C Dust-proof transformers (first characteristic IP numeral 5) are tested as follows:

1)
2)

At every possible point with a probe according to test probe D of B 1).

In a dust chamber similar to that shown in Figure 2 of IEC 60529:1989 and
IEC 60529:1989/AMD1:1999, in which talcum powder is maintained in suspension by an
air current; during the test the vacuum pump as shown is not connected. The chamber
shall contain 2 kg of powder for every cubic metre of its volume. The talcum powder
used shall pass through a square-meshed sieve whose nominal wire diameter is 50 um,
and whose nominal free distance between wire is 75 um. It should not have been used
for more than 20 tests.

The test shall be carried out as follows:
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a) the transformer is suspended outside the dust chamber and operated at rated
output until operating temperature is achieved;,

b) the transformer, while still operating, is placed with the minimum disturbance in the
dust chamber;

c) the door of the dust chamber is closed;
d) the fan/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 the
talcum powder remains in suspension.

NOTL 1 Tk 4 H H=Y 3 L _bat +h okl £ £ NI atk okl ££ the
N T e ey ar—o e tweei— e —SWwihterig—oi— o r—me—afrorower—aRt—e—SWwiterig—o1—©

transformer is to ensure that the talcum powder is properly in suspension around the transformer'diyiring
initial cooling, which is most important with smaller transformers. The transformer is operated-initially 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 Ppust-tight transformers (first characteristic IP numeral 6) are tested in accordance with C.

E Prip-proof transformers (second characteristic IP numeral 1) are subjected for 10 mih to
an artificial rainfall of lgo"OSmm/min by means of a device as(shown in Figure 3 of
EC 60529:1989, falling vertically from a height of 200 mm above the'top of the transformer.

F PDrip-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 artifjcial

rainfall of 3;> 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 ofthe’transformer.

G |Spray-proof transformers (second characteristic.IP numeral 3) are sprayed with watef for
70 min by means of a spray apparatus as showmi.in Figure 4 of IEC 60529:1989. The radius
pf the semi-circular tube shall be as small.as possible and compatible with the size jand
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?).

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 ends of|the
fransformer receive adequate coverage from the jets. The transformer shall be tunned
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.

H Splash-preof 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
EC 60629:1989 and described in G. The transformer shall be mounted under the pivot|line
pfdhe tube so that the ends of the transformer receive adequate coverage from the jefs.

The tube shall be caused to oscillate through an angle of almost 360°, 180~ on either side
of the vertical, the time for one complete oscillation (2 x 360°) being about 12 s. The
transformer shall be turned about its vertical axis as stated in IEC 60529.

The support for the equipment under test shall be grid shaped in order to avoid acting as a
baffle. After this 10 min period, the transformer shall be switched off and allowed to cool
naturally, while the water spray is continued for an additional 10 min.

| Jet-proof transformers (second characteristic 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 flow shall be 12,5 I/min, with a relative tolerance of £5 %.
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J Powerful jet-proof transformers (second characteristic IP numeral 6) are switched off and
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 from

the sample.
The rate of the water flow shall be 100 I/min, with a relative tolerance of +5 %.

K 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 above
the top of the transformer, and the lowest portion is subjected to at least 1 m head of water.

17.2 Humidity treatment

Tra

Compliance is checked by the humidity treatment described in this subclause, follo
immediately by the tests of Clause 18.

Tra

with cable entries open. If several knock-outs are provided and positioned on different part

the
Tra

cord and cord entries correctly fitted.

Ele
are

The humidity treatment is carried out in a humidity cabinet containing air with a relative hum

malil
can

Bef

t and (t + 4) °C-

The spécimen is kept in the cabinet for:

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 eithe

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 ti
that pressure which corresponds to the rated maximum immersion depth for a perio
30 min.

nsformers shall be proof against humid conditions which may occur in normal use.

nsformers intended for fixed connection to the supply are tested with the cable fitted

nsformers intended to be used with anvexternal flexible cable or cord are tested with

btrical components, covers and ether parts which can be removed without the aid of a
removed and subjected to the humidity treatment with the main part, if necessary.

ntained between 91'% and 95 %. The temperature of the air, at all places where specim
be located, is maintained to within 1 °C of any convenient value t between 20 °C and 30

bre being placed in the humidity cabinet, the specimen is brought to a temperature betw

r by

pperating or by other suitable means, so that the temperature of the transformerenclosure

mes
o of

wed

but
s of

enclosure, the knock-out which produces?the most unfavourable condition will be opened.

the

fool

dity
ens
°C.

een

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 % can be obtained by placing a saturated solution of
sodium sulphate (Na,SO,) or potassium nitrate (KNO;) in water, the solution having a sufficiently
large contact surface with the air in the humidity cabinet. In order to achieve the specified
conditions within the cabinet, it is necessary to ensure constant circulation of the air and, in

gen

eral, to use a cabinet which is thermally insulated.

After this treatment and the tests of Clause 18, the transformer shall show no damage within

the

meaning of this document.
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18 Insulation resistance, dielectric strength and leakage current
18.1 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 the
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
secpndary side of the transformer is allowed, except for auto-transformers, under the following
congitions:
— Bn earthed screen shall be between the primary and secondary winding 6rf 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.
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 13 — Values of insulation resistance
Insulation
Insulation to be tested resistarjce
MQ
Betveen hazardous-live-parts and the body:
— Jor basic insulation 2
— for reinforced insulation 7
Betveen input circuits and output circuits (basic insulation) 2
Betpveen input circuits and output.circuits (double or reinforced insulation) 5
Betveen each input circuitiand all other input circuits connected together 2
Betpveen each output circuit and all other output circuits connected together 2
Betiveen hazardous-live-parts and conductive parts of class Il transformers which are separated 2
from hazardous-live=parts by basic insulation only
Betpveen condUctive parts of class Il transformers which are separated from hazardous-live- 5
parts by basic-insulation only, and the body
Betpveen\two metal foils in contact with the inner and outer surfaces of enclosures of insulating 7
matlerial of class Il transformers

18.3 Dielectric strength test

Immediately after the test of 18.2, the insulation is subjected for 1 min to a dielectric strength
voltage of substantially sinusoidal-wave form at 50/60 Hz. The value of the dielectric strength

test

voltage is given in Table 14.

Resistors, capacitors and other components are disconnected before carrying out the test.
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Table 14 — 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 reinfarced insulation 500 700 1400 | 2200 | 3000 | 4500

Functional insulation 250 350 Working voltage + 500

Basic insulation
ovc i 250 500 1250 | 1500 [ 20100 | 24
Supplementary insulation

00

Double or reinforced insulation 500 1000 2 500 3000/}74 200 5(

00

Functional insulation 250 350 Working voltage + 500

Basic insulation
ovc il 250 700 1400y7 2100 [ 2500 | 21
Supplementary insulation

Double or reinforced insulation 500 1400 2800 | 4200 [ 5000 54

00

Functional insulation 250 350 Working voltage + 500

Basic insulation
ovcC Iv 250 850 1700 | 2500 [ 2800 | 3¢
Supplementary insulation

00

Double or reinforced insulation 500 1700 3 400 5000 5600 6 (

00

NOT
1,24
app

NOT

[E 1 For the construction according to 19.12.3 b) and\26.2.5.1, test B the voltage is multiplied by the fa

y to routine dielectric strength tests according to.Ll'4.

[E 2 Values of test voltage for intermediate valués of working voltage are found by linear interpolation betw

. For the construction according to 26.2.5.2 the voltage is multiplied by the factor 1,35. This increase does| not

ctor

een

the fabulated values.

No flashover or breakdown of the-insulating materials and/or system shall occur during the fest,
corpna effects and similar phernomena being disregarded. Diagrams showing examples of{the
appjication of test voltages+are shown in Annex N.

Dethils of the test method to be used are given in IEC 61180.

The high-voltage transformer used for the test shall be capable of supplying a current gf at
leagt 200 mA\when the output terminals are short-circuited.

Care shall be taken that the dielectric voltage applied between input and output circuits does
not |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 |l 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.

18.3.1

A partial discharge test according to IEC 60664-1, (see test description below) shall

be performed, if FIW wires or TIW wires are used and if the recurring peak working voltage Ut
across the insulation is greater than 750 V. The relevant recurring peak voltage is the maximum
measured voltage between the input and the output circuit, if the secondary side is earthed.

The

measuring shall be done at 1,0 of the maximum rated input voltage.
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A partial discharge test shall be done at the transformer with the measured recurring peak

volt

age U,, greater than 750 V peak.

where

Ut
1

5

is the maximum peak working voltage (V);
is a duration of 5 s;

is a duration of 15 s;

Partial discharge shall be less than or equal to 10 pC at time t,. The test shall be done according

to t

18.4

Aftd
sup
tran
app|

Ah
per

divi

Dur

ne Figure 9. For other applications higher values may be required (e.g. IEC 61800-5-1)

Ui

1,25 x U,

~

14 )

IEC

Figure 9 —Test voltage sequence

}l Insulation between and within windings

ply voltage, at double(the rated supply frequency for 5 min. No load is connected to
sformer. During the test polyfilar windings, if any, are connected in series. This test is
icable for transformers with rated supply frequency lower than 500 Hz.

jgher test frequency than the double supply frequency may be used; the duration of
od of conngection, in minutes, then being equal to 10 times the rated supply freque
Hed by the'test frequency, but not less than 2 min.

ing ,the test, there shall be no breakdown of the insulation between turns of a wind
between input and output circuits, between adjacent input or output circuits, or betw

r the test of 18.3, one input circuit is connected to a voltage equal to double the rgted

the
bnly

the
ncy

.ng,
een

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 shall
be chosen. For transformers with more than one input or output winding, the most
unfavourable combination shall be chosen.
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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 between line (L) and
Neutral (N). For other systems, see relevant subclauses of the IEC 60990.

In case of multi phase connections the same procedure is used, but the measurement(s) are
made 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
transformer loaded as described in Clause 14 and the measurements are made at steady-state
condition.

To
con

18.4

In d
plad
of d
sim

Dur
sha

ear
Fig
sha

of R
unw

resi
The

For
prof

Mea

The
of s

avoid unnecessary testing it is recommended that this measurement be carried oy
hection with the heating test in Clause 14.

.2 Touch current

ase of enclosures fabricated of insulating material, a metal foil 10 cm, % 20 cm in siZ
ed in contact with the accessible surfaces and the measurement is made to this foil. In g
lass Il insulated parts on a class | transformer the touch cucréent shall be meast
Litaneously on the two parts.

e is
ase
red

ing the measurements, a test circuit according to Figure A4Q_shall be used. The test cifcuit

I include an isolating transformer and the "neutral” conduCtor connected to the measu,

hing conductor is ignored. The measuring network indicated is the network describe
re J.1. However, if frequencies above 30 kHz aré.involved, measurement of touch curi
| include measurement with regard to electric.btrn effects in addition to the measurem¢
igure J.1. For the burn effects, the unweighted*RMS value of the touch current is relev
eighted touch current is calculated from-the RMS voltage U,, measured across the 5(

stor of Figure J.1.

netl/ork shall be reliably earthed for safety reasons. Forlass Il transformers the proteg

terminal A electrode shall be applied to each accessible part in turn.

each application of the terminal A electrode, the terminal B electrode shall be applie
ective earthing, then applied to each of the other accessible part in turn.

surements:

touch-currentis measured with the switch p in both position and the following combina
witches e and n:

switches-A and e in the on position;

switeh' n in the off position and switch e in the on position;

ring
tive
0 in
rent
bnts
ant.
0

0 to

tion

swifch n in the on ’nnqiﬁnn and switch e in the off ’nneiﬁnn

For each application of the terminal A and B electrodes and for each combination of the switches

p!e

and n, the touch current measured shall be equal to or less than in Table 15.
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Point of connection
(Polarity) 1© SUPPlY
T p

0

\
Supply :
n \
M »—?
(Neutral fault)

B\ /A
Measuring network
IEC

Figure 10 — Test configuration: single-phase equipment on star’TN or TT system

18.5.3 Protective earthing conductor current

The| protective earthing conductor current is measured with the transformer connected as
desgribed in Clause 14. In addition an ammeter of negligible impedance (less than 0,5 () is

connhected between the earthing terminal of the transformer and the protective earthing
conguctor.

The protective earthing conductor current (s) shall not exceed the values of Table 15.

Table 15 =Limits for currents

Type of current Rated current Max limit (RMS)

Toych current: 0,5 mA

All glass | and class Il
transformers equipped with a plug
accprding to IEC TR 60083

Protective conductor currént: <4 A 2 mA
— Class | transformers fitted with >4 Abut<10A 0,5 mA/A
d single or multiphase plug rated
Yp to and includihg 32 A >10 A 5 mA
— Class | transformers intended <TA 3,5 mA
fpr permanent connection >7 A but <20 A 0.5 mA/A
>20A 10 mA

The value to be observed during the measurement is a peak value. The peak value can be
transformed 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).

18.101 The touch current shall in no operating condition exceed the values of Table 15.

NOTE Certain transformer types can have high initial touch current when first switched on, which does not
decrease rapidly in a low-load condition.
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Construction

19.1 General construction

023

The input and output circuits shall be electrically separated from each other and the
construction shall be such that there is no possibility of any connection between these circuits,

eith

er directly or indirectly, via other metal parts, except by deliberate action.

Compliance is checked by inspection and measurements, taking Clause 18 and Clause 26 into

con

sideration.

19.1.101 The insulation between the input and output winding(s) shall consist of (dou
or neinforced insulation. In addition, the insulation between the input windings’ and
body, and between the output windings and the body shall consist of double of'reinfor

ins

Ilation.

19.1.102 Fortransformers with intermediate conductive parts (for example, the iron cd

not

connected to the body and located between the input and output windings, the insula

between the intermediate conductive part and the input windings or between

inte
ins

hlation.

NOT[E An intermediate conductive part, not separated from the input or'output windings or the body by at

basi

k insulation, is considered to be connected to the relevant part(s).

In addition, the insulation between the input andsoutput windings, via the intermed
conductive part, shall consist of double or reinforced insulation; the insulation between

inp

it windings and the body, and between the output windings and the body, via

intgrmediate conductive part, shall consist ofidouble or reinforced insulation.

19.2 Flammability of materials

Mat]
of t

Cot
imp

Wa

erials known to be highly flammable, such as celluloid, shall not be used in the construc
ransformers.

on, silk, paper and similar fibrous material shall not be used as insulation, un
regnated.

and similar impteghators shall not be used, unless suitably restrained from migration.

Compliance is-checked by inspection and, in case of doubt regarding fiercely burning mater
by the glowgwire test of 27.4 at 550 °C.

NOTE _nsulating material is considered impregnated if the space between the fibres of the material are substan
filled with/a suitable insulating coating (i.e., epoxy resin, varnish, etc.).

ble
the
ced

re),
ion
the

rmediate conductive part and the output windings shall, ¢onsist of at least basic

east

ate
the
the

tion

ess

als,

fially

Wood, even if impregnated, shall not be used as supplementary or reinforced insulation.

19.3 Short-circuit characteristics of portable transformers

Portable transformers shall be either short-circuit proof or fail-safe transformers.

Compliance is checked by inspection.

19.4 Class Il transformer contact prevention of accessible conductive parts

There shall be provisions to prevent contact between accessible conductive parts and conduits
or metal sheaths of supply wiring for class Il transformers.
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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.

Slegving may, however, be used as supplementary insulation on internal wining, if [t is
retained in position by positive means.

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.

NOTI[E 2 Servicing includes replacement of switches, protective devices and of powersupply cords when the|type
of attachment allows this.

NOT[E 3 Lining metal enclosures with a coating of lacquer or with material in the form of a coating which doe$ not
withgtand the test of 19.10 is not considered to be adequate for the purpos€ ‘ef'these requirements.

19.[ Loosening of wires, screws or similar parts

Clags | and class Il transformers shall be so constructed that, should any wire, screw, put,
wagher, spring or similar part become loose or fall*out of position, they cannot, in normal yse,
becpme so disposed that creepage distances, or clearances over supplementary insulation
or reinforced insulation or the distance between input and output terminals are reduced to
lesq 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:

— |t is not expected that twonindependent fixings will become loose at the same time;

— parts fixed by means of screws or nuts provided with locking washers are regarded as|not
iable to become-loose, provided these screws or nuts are not removed during |the
replacement of/the’supply flexible cable or cord, or other servicing;

— ponductors cannected by soldering are not considered to be adequately fixed unless fhey
are held in/place near to the termination by means such as hooking in, independent of|the
solder;

— pcrewless terminals complying with [EC 60998-2-2 are considered to provide adeqyate
fixing of the conductor without any additional means;

wires connected to terminals are not considered to be adequately secured, unless an
additional fixing of an appropriate type is provided near to the terminal. In the case of
stranded conductors, this additional fixing is to clamp the insulation and not the conductor
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.

19.7 Resistor or capacitor connection with accessible conductive parts

Conductive parts connected to accessible conductive parts by resistors or capacitors shall be
separated from the hazardous-live-parts by double insulation or reinforced insulation.

Compliance is checked by all relevant requirements and tests for double insulation or
reinforced insulation.
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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 voltlage
acrgss the pair and shall have the same nominal capacitance value.If any one of/such |two
components is short-circuited or open-circuited, the values specified in Clause 9 shatl nof be
exceeded.

In iddition, 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
circpits) 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 requiremenis are applicable up to
ovefvoltage category IlI.

Forfa working voltage above 250 V AC and not exceeding 500"V, AC and an overvoltage category
I1l, iwo Y1 capacitors are required.

NOTIE A Y1 capacitor is considered to have reinforced insulation.

Compliance is checked by inspection and by measurement.

19.9 Insulating material separating input.and output windings

Insulating material separating input.and output windings, and parts of natural or synthetic
rublber used as supplementary insulation in class Il transformers, shall be either resistant
to ageing or so arranged and diménsioned that, if any cracks occur, creepage distances|are
not feduced below the values specified in Clause 26.

Compliance is checked by‘inspection, by measurement and, in case of doubt concerning|the
agejng properties of rubber, by the following test.

Ruhber parts are“aged in an atmosphere of oxygen under pressure. The specimens |are
suspended freglysin an oxygen bomb, the effective capacity of the bomb being at least 10 tines
the |volume ,ofthe specimens. The bomb is filled with commercial oxygen not less than 97 %
purg, to a_pressure of (210°7) N/cm?2.

The—spetimerns are kKept im the bomb—at —a temperatare of (7(7 +J/ “C—for four days {96 h).
Immediately afterwards, they are taken out of the bomb and left at ambient temperature,
avoiding direct daylight, for at least 16 h.

After the test, the specimens are examined and shall show no cracks with normal vision or
corrected vision without magnification.

In case of doubt with regard to materials other than rubber, an alternative method has to be
used (see 14.3 and 26.3).

The use of the oxygen bomb presents some danger, unless handled with care. All precautions
should be taken to avoid the risk of explosion due to sudden oxidation.
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19.10 Accidental contact protection against hazardous-live-parts provided by isolating

coating

When protection of hazardous-live-parts against accidental contact is ensured by an insulating
coating, this coating shall be capable of withstanding the following tests.

a)

b)

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

L bl bl i L ol L L L £ -l L A H L
rmow triat tare coatirnyg rias Tt 10USCTIicU up Ul SIITUurin- awdy TTUIT tUic Dasc ITidlcridl.
mpact test

The part is then conditioned for a period of 4 h at a temperature of (-10 £ 2) °C. While
at this temperature, the coating is subjected to a blow applied to any point of’the layer
s likely to be weak using a spring-operated impact hammer according to{EC 60068-
with an energy of (0,5 + 0,05) J.

After this test, the coating shall not be damaged. In particular, it shall shew no cracks vis
with normal vision, or corrected vision without magnification.

Scratch test

Finally, the part at the highest temperature attained under-normal operating condition
Subjected to a scratch test. The scratches are made by nieans of a hardened steel pin,
end of which has the form of a cone having a top angle 0f 40°, its tip being rounded wi
radius of (0,25 £ 0,02) mm.

Scratches are made by drawing the pin along thé Surface at a speed of about 20 mm/.
shown in Figure 11. The pin is so loaded that the{force exerted along its axis is (10 £ 0,5
The scratches are at least 5 mm apart and atJeast 5 mm from the edge of the specime

After this test, the coating shall not loosep,or be pierced, and it shall withstand a diele
Kfrength test as specified in 18.3, the test voltage being applied between the base matsg
and a metal foil in contact with the coating.

The tests may be conducted on _a-separate specimen of the coated part.
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Figure 11 — Abrasion resistance test for insulating coated layers
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19.11 Insulating material of handles, operating levers, knobs and similar parts

023

Handles, operating levers, knobs and similar parts shall be of insulating material or be
adequately covered by supplementary insulation, or separated from their shafts or fixing by
such insulation in the event the shafts or fixing are likely to become live during an insulation
breakdown.

Compliance is checked by inspection and, if necessary, by the requirements specified for
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2.1 In all types of transformers, precautions shall be taken to prevent:

indue displacement of input or output windings or the turns thereof;
indue displacement of internal wiring or wires for external connections;

Lindue displacement of parts of windings or of internal wiring, in the event of rupture of w
br loosening of connections.

npliance is checked by inspection and by the tests of Clause 16.
last turn of each winding shall be prevented from being displaced.

ns of prevention may be:

bositive means such as tape, suitable bonding agent, or anchoring the wire;
br process technologies (e.g.manufacturing precedures).
fotective screen, if necessary, in order toprevent eddy current losses due to creation

rt turn, should be so arranged that bothiedges can neither simultaneously touch each o
touch an iron core.

2.2 Where serrated tape is_used as insulation, it is assumed that the serration of

nay be used if one additionallayer of serrated tape and one additional layer without serra
ed at the location of the serration are used.

E An example is giyeniin Figure M.3.

h layer-¢an, for example, be interleaved with adequate insulation material projecting bey
end‘turns of each layer and, moreover:

brent layers will coincide. Fan distance through insulation (DTI), the reduced values of Tﬁble

ires

of a
her

the

ion

bre cheekless boebbins (bobbins without flange) are used, the end turns of each layer shall
be prevented from being displaced.

ond

— either the winding(s) may be impregnated with hard-baking or cold-setting material,
substantially filling the intervening spaces and effectively sealing-off the end turns;

— or the winding(s) may be held together by means of insulating material or by process
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
reinforced insulation, shall 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.
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The minimum number of constructional layers applied to the conductor shall be as follows:

basic 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.

Ong layer of material wound with more than 50 % overlap is considered to constitute twol|laygrs.

The finished component shall pass routine test for dielectric strength using the approprjate

valle of test voltages in 18.3.

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 providesbasic- or supplementary
insulation in a wound part:

- the insulated wire (for example polyimide or insulationdf equivalent quality) shall comply
with Annex K;

- the insulation of one insulated winding wire{shall consist of at least two layerg| for
supplementary insulation;

- the insulation of one insulated winding wire*shall consist of at least one layer for basic
insulation;

- an insulation for mechanical separatioff which fulfil the dielectric strength test for basic
insulation shall be provided between the insulated wires and the enamelled wires.

f for basic or supplementary insulation a triple insulated wire is used in combination with
enamelled wire, an additional intérleaved insulation (mechanical separation) is not requifed.

Where the insulation on the winding wire is used to provide reinforced insulation |n a
wound part:

- the insulated wire (for’example polyimide or insulation of equivalent quality) shall comply
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 strength test of 18.3.

Where thednsulated winding wire is wound:

- upoh.metal or ferrite cores; or

- {upon enamelled wire; or

— under enamelied wire,

insulation for mechanical separation which fulfils the dielectric strength test for basic
insulation shall be provided between the insulated wires and the core or between the
insulated wires and the enamelled wires. These independent windings shall not be able to
contact each other or the core.

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 been
subjected to 100 % routine dielectric strength test as in Clause K.3.

No requirements for creepage distances and clearances are applicable for the insulated
winding wires.

Compliance is checked by inspection of the part and the declaration of the wire manufacturer
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c) Toroidal cores used with TIW wires for double or reinforced insulation between the
primary and secondary circuits shall comply with the following:

d)

f)

1)

2)

The toroidal core shall have a coating, which fulfills the requirements of basic insulation
between a winding and the core

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.

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 consists

1)
P)

3)

1)
P)

1)
2)

of a TIW wire with 1 layer (requirements for primary and secondary windings carn be
changed). This construction also is allowed for use with EE-cores or similar.

Toroidal cores used with FIW wires for double or reinforced insulation between|the
brimary and secondary circuits shall comply with the following:

The toroidal core shall have a coating, which fulfil the requirements of,basic insulat{on.

The primary winding consists of FIW wire for reinforced insulation’and the secondary
winding consist of FIW wire — of basic insulation. These independent windings ghall
not be able to contact each other either by mechanical separation or a gap which fulfil
the dielectric strength test for basic insulation.

For polyfilar windings (primary and secondary windings(in contact with each other),|the
primary winding and the secondary winding congist of FIW wire for reinforced
insulation.This construction also is allowed to usefor EE-core or similar.

Toroidal cores used with TIW in combination withr FIW wire, for double or reinforced
nsulation between the primary and secondary eirguits shall comply with the following:

The toroidal core shall have a coating, whigh fulfils the requirements of basic insulatjon.

The primary winding consists of FIW wire for reinforced insulation, and the secondary
winding consists of TIW wire for basic-insulation (1 layer). 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.

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|the
secondary winding consjsts of FIW wire for reinforced insulation. This construction
also is allowed for use\with EE-cores or similar.

Toroidal cores usedwwith TIW in combination with FIW wire, for basic insulation betwjeen
he primary and secondary circuits shall comply with the following:

The toroidal.core shall have a coating, which fulfils the requirements of basic insulation

The primary winding consists of FIW wire for basic insulation, and the secondary
winding-consists of TIW wire for basic insulation (1 layer). These independent windings
shallnot be able to contact each other either by mechanical separation or a gap which
fulfils the dielectric strength tests for basic insulation.

IOTE 2 | 4 A of EIVAL £ In F Ladi Hadl H H } todl
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For polyfilar windings (primary and secondary 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 also 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 secondary winding consists of TIW wire for basic insulation (1 layer).

Further polyfilar constructions with FIW and TIW wires in combination with enamelled
wires for basic insulation only:

4.1) Primary winding consists of enamelled wire, secondary winding consists of FIW
wire for reinforced insulation
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4.2) Primary winding consists of enamelled wire, secondary winding consists of TIW
wire for reinforced insulation

19.12.3.1 The transformer utilizing fully insulated winding wires (FIW) shall only be used up
to and including insulation class F.

19.12.3.2 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:

e EIW wi | for basi I I isolati for ¢ ina to
19.1.3:

- the test voltage required in Table 14 for basic-/supplementary insulation acc¢ording 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;

- between a basic insulated FIW wire and an enamelled wire an insulatienfor mecharjical
separation shall be used. The both windings shall not touch each other. The insulation
for mechanical separation shall fulfil the high voltage test of basic insulation. Creeppge
distances and clearances for FIW wire are not required.

e FIW wires used for double or reinforced insulation for transformers according to 19./1.4:

- 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 t&. Table 24. For the primary and|the
secondary winding a basic insulated FIW wire shalbe used,;

be used. These independent windings shall not be able to contact each other. [The
insulation for mechanical separation shallfulfil the high voltage test of basic insulatjon.
Creepage distances and clearances between the FIW wires are not required.

- between the two basic insulated FIW wires antinsulation for mechanical separation Tall
i

e Alternative construction with FIW-wires\having reinforced insulation:

- the test voltage required in Table,;14 for reinforced insulation according to the working
voltage of the transformer, shall comply with the minimum voltage strength for the FIW
wire according to Table 24;

- between a reinforced dnsulated FIW wire and an enamelled wire an insulation| for
mechanical separation-shall be used. These independent windings shall not be able to
contact each other. The insulation for mechanical separation shall fulfil the high voltage
test of basic insulation. Creepage distances and clearances between the FIW wjres
are not required.

o Alternative canstruction with FIW wires, basic or supplementary insulated for transformers
with double_or 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-wire according to Table 24. For either the primary or|the
secondary-winding-a-basicinsulated FIW-wire-shall be-used—FoerthenonFMwinding,

enamelled wire can be used;

— between the basic insulated FIW wire and the enamelled wire, a supplementary
insulation according to the working voltage is required. Creepage distances and
clearances between the FIW wire and the enamelled wire are required for
supplementary insulation.

e \Where the FIW wire is wound:

— upon metal or ferrite cores, an insulation for mechanical separation which fulfil the
dielectric strength test for basic insulation shall be provided between the FIW wires
and the core. The FIW wire and enamelled wire (if used) shall not touch the metal or
ferrite core.
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19.13 Fixing of handles, operating levers and similar parts

Handles, operating levers and similar parts shall be fixed in a reliable manner so that they will
not become loose as a result of heating, vibration, etc. which may occur in normal use.

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 h‘,’ at least two indnpnndnnf means,one of which at least rnqnirne 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(ofithe requjred
fixing means.

Screws may be used as means requiring the use of a tool, but knurled-nuts or screws, evgn if
they have provision for sealing, are not suitable.

19.15 Strain on fixed socket-outlets caused by pin-transformers connection

Trapsformers provided with pins intended to be introduced\into fixed socket-outlets shall{not
imppse 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
thrqugh the central lines of the contact tubestatra distance of 8 mm behind the engagement
face 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 use in irregular or harsh
confitions, example indeor or outdoor heavy construction sites, exposure to high levels of dust,
debris or moisture shall-have a protection index IPX4 or higher.

NOTE IEC 61558-2:23 is extended to cover other kinds of rough handling.
19.17 Drain hole of transformers protected against ingress of water

Trapsformers having a protection index from IPX1 up to and including IPX6 shall haveg an
effective drain hole at least 5 mm in diameter or 20 mmZ in area, with a width of at least 3 mnm.

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.

19.18 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 cord,
shall be provided with a non-detachable flexible cable or cord with protective earthing
conductor and a plug with protective earthing contact.
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If a class | stationary transformer is equipped with a non-detachable flexible cable or cord,
the cable or cord shall have a protective earthing conductor and the plug shall have a protective
earthing 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
frorm—ﬂhe%emHkmg—ﬁe—%Mmg—wﬂage—ﬁﬁe—aeee&W s~ i i i Ving
reqyiirements shall be met:

— BELV output circuits shall be electrically separated from all circuits other than SELV [and
PELV by double or reinforced insulation.

— BELV output circuits shall be electrically separated from other SELV and PELV circpits
by basic insulation.

Thig requirement does not exclude the connection of PELV circuits to ¢he protective earth|ng.

Compliance is checked by compliance with 19.20.1 for SELV-cireuits and 19.20.2 for PELV-
cirguits

19.20.1 Live parts of SELV-circuits shall not be connected to the protective earthing, to five
parts, or protective earthing conductors forming part of ,other circuits.

Explosed conductive parts of SELV-circuits shall not be connected to:

— the protective earthing, or
— protective earthing conductors or exposed conductive parts of another circuit.
If the nominal voltage exceeds 25 V AC€’or 60 V ripple-free DC, protection against contact With

live|parts shall be provided by insulation capable of withstanding a test voltage for doublg or
reirfforced insulation according to"Table 14.

If the nominal voltage does)not exceed 25V AC or 60V ripple-free DC, protection agdinst
contact with live parts is generally unnecessary. However, it may be necessary under certain
confitions of externalinfluences (see relevant part of IEC 61558-2).

19.20.2 For PELV-circuits, the following requirements shall be fulfilled.

Protection-against contact with live parts shall be ensured by insulation capable of withstanging
a tejst vottage for double or reinforced insulation according to Table 14.

ThisTequrementimpties that PELV=circuits trave to bemsutatedevernfor vottages betow 25 V
AC or 60 V ripple-free DC. Exempted are live parts directly connected to protective earthing.

19.21 Protection against contact for FELV-circuit

For FELV-circuits, the following requirements shall be fulfilled to ensure protection against
both direct and indirect contact.

Such conditions may, for example, be ensured when the circuit contains equipment (such as
transformers, relays, remote-control switches, contactors) insufficiently insulated with respect
to circuits at higher voltages.

Protection against indirect contact shall be provided by insulation corresponding to the minimum
test voltage required for the primary circuit.


https://iecnorm.com/api/?name=4866ceb7d6556bcfc276962cbfc2aaa4

- 90 - IEC 61558-2-7:2023 EXV © IEC 2023

19.22 Protective earthing regarding class Il transformers

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.
Compliance is checked by inspection.

19.101 Transformers shall comply with the requirements for degreg, of protection 1IP4X or
higher with the exception of output terminals.

Trapsformers for outdoor use shall have a degree of protection ofIP65 / IP67 or higher.
Compliance is checked by the tests of Clause 17.

19.102 There shall be no connections between the@utput circuit and the protective earth.
19.103 There shall be no connections between 'the output circuit and the body.
Compliance is checked by inspection.

19.104 The input and output terminalsfor the connection of external wiring shall be so located
thafl the distance measured between the points of introduction of the conductors into these
terminals is not less than 25 mm. If a barrier is used to obtain this distance, the measurenpent
shall be made over and around the barrier and it shall be of insulating material andl be
permanently fixed to the transformer.

Compliance is checked by inspection and by measurement disregarding intermedjate
conductive parts!

19.105 Transformers shall be class Il.

19.106 ( Transformers shall not be fixed to or incorporated in toys.

Compliance is checked by inspection.

19.107 Transformers with AC terminals in the output circuit shall be designed such that
when

— the output circuits of two or more transformers are connected together, and

— the input circuit of at least one of the transformers is connected to the mains supply, and
— the input circuit of at least one of the transformers is not connected to the mains supply,

the voltage across the bare pins of the plug of the transformers not connected to the mains
supply shall not exceed 33 V AC.
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Compliance is checked by measurement of the voltage between the pins of the plug when the
output circuit is supplied by the rated output voltage(s).

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

docpmentas—partefthetransformer-

Compliance with the |IEC standard for the relevant component does not necessarily lengure
compliance with the requirements of this document.

Thejtesting of these components is, in general, carried out separately, according-to the releyant
standard, as follows:

— fpomponents marked with individual ratings are checked to establish that they suit|the
conditions which may occur in the transformer, including inrushfcurrent. The component is
hen tested in accordance with its marking, the number of specimens being that required by
he relevant standard;

— pomponents not marked with individual ratings are tested‘under the conditions occurrinfg in
he transformer, including inrush current, the number-of specimens being, in general, that
Fequired by the relevant standard;

— where no IEC standard exists for the relevant Component, or where the component is[not
marked, or where the component is not used innaccordance with its marking, the component
s tested under the conditions occurring in the.transformer; the number of specimens beling,
n general, that required by a similar specification.

20.2 Appliance couplers for mains supply shall comply with IEC 60320 (all parts) for IPX0
transformers and IEC 60320-2-3 or [EQC 60309 (all parts) for other transformers.

20.3 Automatic controls shall.comply with IEC 60730 (all parts) and the appropriate parts of
IEC|[61558-2 unless they are:tésted with the transformer.

20.4 Thermal-links shall-comply with IEC 60691 as far as reasonable.
20.% Switches forming part of the transformer assembly shall comply with Annex F.

In addition, switches intended to disconnect the transformer from the supply shall disconnpect
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
tranjsformers intended to be connected to the supply by means of a flexible cable or cord and
a plug—ortotra etrs—accompant arinstract irg—that-such—means for
disconnection shall be incorporated in the fixed wiring.

vie O O c viorn Tea

Compliance is checked by inspection.

Transformers shall not be provided with switches connected to the flexible supply cables or
cords.

20.6 There shall be no unsafe compatibility between the socket-outlets in the output circuit
and a plug intended for direct connection to a socket-outlet which could be used for the input
circuit in relation to installation rules, voltages, and frequencies.

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
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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 IEC 60906-3 covers only 6 V, 12V, 24 V and 48 V, transformers with intermediate supply
voltage should be able to withstand the nearest upper voltage. Other plugs and socket-outlet

systems—areattowed-for-associated-transformersonty-

Plugs and socket-outlets for PELV systems shall comply with the following requireménts:

— Bocket-outlets shall not accommodate plugs of other standardized voltage systems;

— Bocket-outlets shall not have a protective earthing contact.

Thig

Plugs and socket-outlets for FELV systems shall comply with the following requirements:

— pocket-outlets shall not accommodate plugs of ‘ether standardised voltage systems.

Corn

Sod
outl

reqliirement is not applicable to socket-outlets with corresponding plugs which are too larg
ntroduced into the mains socket outlets or that are too small so they can only be loosely

be
insq
sup

Sod
or d
con

Corn

20.1
dev

does not preclude the use of socket-outlets incorporating functional bonding contact.

systems; and

npliance is checked by inspection and by manual test.

ets shall not be interchangeable with“plugs and socket outlets listed in IEC TR 60083. ]

rted and do not stay firmlynin place in the socket outlet aperture while in contact with
ply mains.

iagonal measurement between 3,75 mm and 5,25 mm and length greater than 7 mm
sidered to fail this requirement.

npliance-is‘checked by inspection.

' _Thermal cut-outs, thermal links, overload relays, fuses and other overload proteg
ces’shall have adequate breaking capacity.

t shall not be possible for plugs to enter socket-outlets of other standardized volage
systems;

t shall not be possible for plugs to enter socket-outlets of other standardized voltage

ket-outlets in the output circuit of the transformers and plugs accepted by those socket-
[his
e to

the

ket-outlets for connegtors such as jack types, USB types, RCA phono types with a diamgter

are

tive

Compliance of the breaking capacity of thermal cut-outs is checked by the relevant tests of
20.8 and 20.9.

Compliance 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 according to IEC 60127 (all parts) and IEC 60269 (all parts) are allowed to be
continuously loaded by a current not exceeding 1,1 times the rated value.


https://iecnorm.com/api/?name=4866ceb7d6556bcfc276962cbfc2aaa4

IEC 61558-2-7:2023 EXV © IEC 2023 - 93 -

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

Modification:

For non-self-resetting thermal cut-outs and non-self-resetting overload protective devices,

the

Requirements according to IEC 60730-1.

20.8.1.1  Thermal cut-outs when tested as separate components shall comply“Wwith
appropriate requirements and tests of IEC 60730-1.

For

a)
b)

f)

number of cycles of operation is increased from 300 to 1 000.

the purpose of this document the following applies.

Thermal cut-outs shall be of type 1 or type 2 (see 6.4 of IEC 60730-1:2013)

Thermal cut-outs shall have at least micro-interruption (type 1C.or 2.C) (see 6.4.3.3
6.9.3 of IEC 60730-1:2013), or micro-disconnection (type 1.B or2.B) (see 6.4.3.2 and 6
of IEC 60730-1:2013).

Thermal cut-outs with manual reset shall have a trip frée mechanism with contacts
cannot be prevented from opening against continuation of a fault (type 1.E and 2.E)
6.4.3.5 of IEC 60730-1:2013).

The number of cycles of automatic action shall bge:
- 3 000 cycles for self-resetting thermal cut-outs,

- 300 cycles for non-self-resetting thermal cut-outs which can be reset by hand with
the use of a tool (see 6.11.10 of IEC60730-1:2013),

- 300 cycles for non-self-resetting thermal cut-outs which can be reset when
transformer is disconnected (sée 6.11.10 of IEC 60730-1:2013),

- 30 cycles for non-self-resetting thermal cut-outs which can only be reset by the
of a tool (see 6.11.11 of IEC 60730-1:2013).

parts for a long period of time and shall be tested accordingly (see 6.14.2 of IEC 6071
1:2013).

The characteristics of thermal cut-outs with regard to:
- their ratings’ (see Clause 5 of IEC 60730-1:2013);
- theirsclassification according to:

1) “nature of supply (see 6.1 of IEC 60730-1:2013),

the

nd
9.2

O

that
see

out

the

use

Thermal cut-outs shall'be'designed to withstand electrical stresses across their insulating

30-

2) type of load to be controlled (see 6.2 of IEC 60730-1:2013),

3) degree of protection provided by enclosures against ingress of solid objects and

dust (see 6.5.1 of IEC 60730-1:2013),

4) degree of protection provided by enclosures against harmful ingress of water (
6.5.2 of IEC 60730-1:2013),

5) pollution degree (see 6.5.3 of 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),

see

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).
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20.8.1.2 A thermal cut-out when tested as part of a transformer shall:

— have at least micro-interruption (type 1.C or type 2.C) or micro-disconnection (type 1.B 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
cut-out 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.

NOT[E A sample consists of a transformer with an incorporated thermal cut-out.

Compliance is checked by inspection and by the specified tests.

Durjng the tests, no sustained arcing shall occur, and there shall be n6)damage from ofher
caufes.

Aftgr the tests, there shall be no damage to the thermal cut-out-and the transformer in|the
senie of this document, in particular, the enclosure shall nat deteriorate, there shall bg no
reduction of clearances and creepage distances, and no leosening of electrical connectlons
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-resefting thermal cut-out is supplied at 1,1 times
rated input voltage and the output terminals are short-circuited until the thermal cutiout
opejates. Then the supply voltage is switched off until the transformer cools down to
appyjoximately the room temperature. The supply voltage is then switched on (the oufput
terminals still short-circuited).

This cycle of operation is carried Qut:

— PBtimes at a room temperature of (25 + 10) °C for transformers without a ¢ marking;

amin

— P times at minimum ambient temperature t ., for transformers with a t,,;, marking.

Aftgr the cycling test,sthe transformer is supplied at 1,1 times the rated supply voltagq for
48 h with the outputiterminals short-circuited.

20.8.2.2 A transformer with a self-resetting thermal cut-out is supplied at 1,1 times|the
rated input-voltage with the output terminals short-circuited.

This ‘epération is carried out:

— 48 h at an ambient temperature of (25 + 10) °C for transformers without a ¢ marking;

amin

— 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 and by the specified tests in the given order.
During these tests, no sustained arcing shall occur.

After the test, the transformer shall:

— withstand the test of Clause 18,
— Sshow no damage in the sense of this document, and
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— be operational.

20.8.3 A PTC resistor of indirect heating type is considered to be a non-self-resetting
thermal cut-out by this document.

Compliance is checked by the following test:

The transformer is supplied at 1,1 times the rated input voltage for 48 h (two days) with the
output terminals short-circuited.

femperature; this test shall be repeated five times at the maximum ambient temperature

Heclared 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
transformer shall withstand the test of Clause 18, shall show no(@amage, and shall be
opefational.

20.9 Thermal-links shall be tested in one of the following twg ways.

20.9.1 The thermal-links, when tested as separate cemponents, shall comply with[the
requiirements and tests of IEC 60691.

When a thermal link is tested according to IEC 60691, the following applies:

— 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
— Buitability of the sealing compounds, and impregnating fluids or cleaning solvents (see B ¢)
bf IEC 60691:2015)

shall be appropriate for theapplication under normal operating conditions, and short-circuit and
ovefload conditions.

Compliance is checked according to the test specifications of IEC 60691, by inspection, land
megsurement.

20.9.2 Theéthermal-links when tested as part of a transformer,:

—

— shall be aged for 300 h at a temperature corresponding to the ambient temperature of|the
hermal-link when the transformer is operated under normal operating conditions at an
ambient temperature of 35 'C or, when relevant, (75 ¥ 10) "C;

— shall be subjected to the transformer fault conditions which cause the thermal-link to
operate. There shall be no sustained arcing during the tests, and no damage in the sense
of this document; and

— shall be capable of withstanding 2 times the rated voltage across the disconnection, and
have an insulation resistance of at least 0,2 MQ when measured with a DC voltage equal to
2 times the rated voltage across the disconnection.

The test is conducted 3 times; no failure is allowed. This test is not applicable to fail-safe
transformers.

The thermal-link is replaced, partially or completely, after each test.
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Where the thermal-link is not replaceable, the test is conducted on three new specimens.

Compliance is checked by inspection and by specified tests in the given order.

023

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

doc

ument.

Compliance is checked by inspection.

20.11 Thermal cut-outs intended to be reset by soldering operation shall not be used

ove

Compliance is checked by inspection.
20.12 Overload protective devices shall not operate when the supply voltage,is switched o

Compliance is checked by carrying out the following test.

The

app

The
mo9

The
inru

NOT]

20.1

Corn
tot
are

It sf
"OI\

Aftd
"ON

rload protection.

switching -on and -off may be carried out only twice if a device is used to switch on at
t unfavourable electrical angle of the supply voltage.

supply source shall be such that the voltage drop does not exceed 2 % as a result off
sh current.

E This is not required for associated transformers.

npliance is checked by short-circuiting the output terminals and connecting the transfor
ne rated supply voltage until the device operates. If more than one set of output termi
provided, each set'shall be tested separately.

pall not be pessible to maintain the thermal cut-out or the overload protective device in
" position\by operating the resetting means.

r remaval of the short circuit, it shall be possible to put the overload protective device in
“position without removing any covers. If necessary, after cooling.

for

transformer, with no load, is supplied from a voltage sourcélequal to 1,1 times the rqted
supply voltage. The supply voltage is then switched on_and off 20 times at interval

5 of

roximately 10 s or at a point on the voltage wave such thatthe inrush current is maximized.

the

the

01 It shall be possible to reset the non-self-resetting thermal cut-outs and non-gelf-
resetting overload protective devices without removing their covers.

mer
hals

the

the

20.102 Control devices, if any, shall be in the output circuit and shall operate reliably.

Compliance is checked by inspection and by the following test:

The control is operated 5 000 times. Each time from one extreme end of the range to the other
at a uniform rate of approximately 30 cycles per minute with the transformer connected to the
rated supply voltage and loaded with the rated output current at unity power factor.

During this test, no interruption of the current shall occur. After the test, the temperatures of
the transformer windings shall not exceed the values specified in 14.2, and the no-load input
current shall not alter by a short-circuit placed between the turns of the windings of the output
circuit.
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20.103 The operating means of control devices, if any, shall not be affixed to the transformers
with the exception of transformers for toy railway applications.

NOTE In Denmark, the exception of 20.103 is not applicable.
21 Internal wiring

21.1 Internal wiring and electrical connections between different parts of the transformer shall
be adequately protected or enclosed.

Wirg-ways shall be smooth and free from sharp edges, burrs, flashes, etc. which may damjage
the linsulation of conductors.

21.2 Openings in sheet metal through which insulated wires pass shall have rounded edges
with a radius not less than 1,5 mm, or the openings shall be provided with bushing of insulating
material.

21. Uninsulated conductors shall be so fixed that their distance from-one another and from
the lenclosure is adequately maintained.

Compliance with the requirements of 21.1 to 21.3 is checked by inspection.

21.4 Internal wiring shall not loosen up when external wires are connected to the input or
output terminals.

Compliance is checked by inspection and by carrying out the test of 23.3.

21.% |Insulated conductors subject to tempgratures exceeding the limitations in 14.1 under
normal use shall be provided with heat-resistant and non-hygroscopic insulating materials.

Compliance is checked by inspectionand, if necessary, by carrying out additional tests;|the
temperature is determined during.the test described in 14.1.

22 |Supply connection and other external flexible cables or cords

22.1 All cables, flexible cords and connecting means referred to in this clause shall hlave
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.

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).
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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 conductors of

the

Tra

external wiring.

nsformers 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 adequate to allow the conductors.to be

eas
con

Its

ly introduced and connected, and the cover, if any, fitted without risk of damage to|the
Huctors or their insulation.

nall be possible to connect the external supply wires to terminals without|their insulation

conjing into contact with hazardous-live-parts of a different polarity, including live parts of the

out

put circuits.

Compliance is checked by inspection and by an installation test with.conductors of the largest

cross-sectional area corresponding to the rated connecting capagtity of the terminals.

22.4 For portable transformers provided with power supply cords, the length of the ¢ord

sha

Compliance is checked by inspection.
22.%

Modlification:

hot exceed 2 m for cross-sectional area of 0,5 mm2;

bxceed 2 m for cross-sectional areas greaterithan 0,5 mm2.

Power supply cords of transformers complying with the requirements for degree of protection

IP4
602
des

Po
tha

Po

K or IP65 shall not be lighter than ordinary tough rubber sheathed cord (code designaltion
U5 IEC 53 of IEC<60245-1) or ordinary polyvinyl chloride sheathed flexible cord (code
gnation 60227 IEC 53 of IEC 60227-1).

er supply,cords of transformers with the degree of protection of IP67 shall not be lighter
ordinary\polychloroprene sheathed cord (code designation 60245 IEC 57 of IEC 60245-1).

er supply cords incorporated into transformers both having a protection index of IP2pD or

higher,and transformers for “indoor use only” with protection index of IP20 or higher shall be
as follows:

for transformers with a mass not exceeding 3 kg, the cable or cord shall be at least light
polyvinyl chloride sheathed flexible cable or cords according to IEC 60227-5:2011 — type
60227 IEC 52 or ordinary tough rubber sheathed flexible cable or cords according to
IEC 60245-4:2011 — type 60245 |EC 53;

for transformers with a mass exceeding 3 kg, the cable or cord shall be at least ordinary
polyvinyl chloride sheathed flexible cable or cords according to IEC 60227-5:2011 — type
60227 IEC 53 or ordinary tough rubber sheathed flexible cable or cords according to
IEC 60245-4:2011 — type 60245 IEC 53.

Power supply cords of transformers with protection index higher than IPX0, except for
transformers for “indoor use only”, shall be polychloroprene sheathed cord and shall be at
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least ordinary polychloroprene sheathed cord according to IEC 60245-4:2011 — type 60245 IEC

57.

22.6

Appliance couplers are not allowed in the input circuits of transformers.

22.7

Modification:

For[transformers having a mass greater than 500 g excluding the cable or cord, the cross-

sectional area of the supply cable or cord shall be at least 1 mm?2.

Thel nominal cross-sectional area of external flexible cables or cords shall‘not be less than

shown in Table 16.

Table 16 — Nominal cross-sectional areas of external flexible.eables or cords

Input or output current at rated output

Nominal'cross-sectional areas

A mm?2
Up o and including 3 2 0,5
Ovegr 3 up to and including 6 0,75
Ovgr 6 up to and including 10 1
Ovegr 10 up to and including 16 1,5
Ovegr 16 up to and including 25 2,5
Ovgr 25 up to and including 32 4
Ovgr 32 up to and including 40 6
Ovegr 40 up to and including 63 10

sugply cords.

NOTE In Japan, cords having a nominal cross-sectional area of 0,5 mm? are not allowed for external po

wer

a8 [These cords may be used as power supply cords if their length does not exceed 2 m between the point wh
the cord or cord guard enters the transformer and the entry to the plug.

ere

Compliance is checKed by inspection and by measurement.

22.8 Each(power supply cord of class | transformers shall have a green/yellow colol
cord connetted to the protective earthing terminal of the transformer and to the proted

earfhing-eontact of the plug, if any.

red
tive

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
IEC 60906-1. Other portable transformers may be provided with plugs complying with

IEC 60309 (all parts).
Compliance is checked by inspection.
229

Modification:

Power supply cords can be connected to the transformers by type Y and type Z

attachments. Type X attachment is not allowed.
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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.

22.9.1 Fortype Z attachments, moulding the enclosure of the transformer and the external
flexible cable or cord together shall not affect the insulation of the cord.

Compliance is checked by inspection.

22.9.2 Inlet openings shall be designed and shaped, or be provided with an inlet bushing\such
thaf the protective covering of the external flexible cable or cord can be introduced-without
risk|of damage.

Thel insulation between the conductor and the enclosure shall consist of thesinsulation of|the
conductor 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 equivalent to,at least that of a cord compl
with IEC 60227 (all parts) or IEC 60245 (all parts) is regarded.as basic insulation.

ng

A lining or a bushing of insulating material in a metallic enclosure is only regarded as
su;JpIementary insulation if it complies with the relevant requirements.

An enclosure of insulating material is regarded-as reinforced insulation, in which case, |two
sepprate insulations are not necessary.

Compliance is checked by inspection and\by carrying out a manual test.

22.9.3 Inlet bushings shall:

— pe so shaped as to prevent damage to the external flexible cable or cord;
— pe reliably fixed;
— hot be removable without the aid of a tool; and

— hot be of natural ‘rubber, except if it is an integral part of the rubber sheath of the external
flexible cable or cord for type X with a special cord, type Y and type Z attachmentg 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.

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.
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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.
The distance A shown in Figure 12, between the axis of oscillation and the point where the cord

guard enters the transformer, is adjusted so that when the oscillating member moves over its
full range, the cord and load make the minimum lateral movement.

The oscillating member is moved through an angle of 90° (45° on either side of the vertical),
the rumber—of-ffexings—fo atta e shatt-be—20 76 Sther—attachments
10 900. The rate of flexing shall be 60 / min.

T C VioT d JC v U U U A c

NOTEE 1 A flexing is one movement of 90°.

The| cord and its associated parts are turned through an angle of 90° after half\the number of
flexjngs, unless a flat cord is fitted.

Durjng the test, the conductors are loaded with the maximum rated currént of the circuit under
tesfy and at the rated voltage.

NOT[E 2 Current is not passed through the protective earthing conductor.
The test shall not result in:

— | short circuit between the conductors;

— breakage of more than 10 % of the strands of any conductor;

— keparation of the conductor from the terminal;

— Joosening of any cord guard;

— Hamage, within the meaning of this document, to the cord or cord guard; and

— broken strands piercing the insulation and becoming accessible.
NOTE 3 Conductors include protective earthing conductors.

NOT[E 4 A short circuit between cenductors of the cord is considered to occur if the current exceeds a value gqual
to twlice the rated maximum currentjof the circuit in question.
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Counterweight

Adjustable
carrier plate Oscillating

frame

Axis of oscillation

Adjustable
bracket

> 300 mm

Load

T IEC

Figure 12 - FleXing test apparatus

22,

.5 Stationary transformers intended for use with external flexible cables or cords jand

portable transformers shall be provided with cord anchorages for strain relief incluging
twidting where they are connected.within the transformer, and for protection of the insulation

of t

For

e conductors against abrasion.

type X attachments,—glands shall not be used as cord anchorages in portable

transformers unless they have provisions for clamping all types and sizes of cables and cgrds

whi

ch might be usedas external flexible cables or cords. Production methods, such|as,

moulded-on designs) tying the cord into a knot or tying the ends with string, are not allowed;
labyrinths or similar means are permitted, provided it is clear how the external flexible cable

or gord is to. be-assembled.

For

typée X attachments, the cord anchorage shall be so designed or located that:

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 into
the cord anchorage;

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

requirements for supplementary insulation for class Il transformers.

This insulation may consist of:

— a separate insulating barrier fixed to the cord anchorage;
— aspecial lining fixed to the cord; or
— for class | transformers, the sheath of a sheathed cord.

For type X with a special cord, and type Y attachments, the cord anchorage shall be so

des|gned that:

— thereplacement of the external flexible cable or cord does not impair compliancé with

Hocument;

— the entire flexible cable or cord with its covering, if any, is capable of beingymounted

he cord anchorage;

— |t does not damage the cord and is unlikely to be damaged when it is tightened or loose

n normal use; and

— the cord cannot touch the clamping screws of the cord anchorage if these screws

pccessible or in contact with accessible conductive parts;

Compliance is checked by inspection and by the following tests.

For|type X attachments, except with a special cord{the transformer shall be fitted wi
suitable external flexible cable or cord. The conductors shall be introduced into the termin
and| the terminal screws, if any, shall be tightened\sufficiently to prevent the conductors f
shiffing position. The cord anchorage shall be _used in the normal way, its clamping scr

tightened with a torque equal to two-thirds of that specified in Table 18.

The tests are first conducted with the lightest permissible type of cord of the smallest cr
sectional area specified in Table 16 aad then with the next heavier type of cord of the lar(
crogs-sectional area specified, unless the transformer is designed to accommodate on

spetific type of cord.

For|type X with a special cord, and type Y and Z attachments, the transformer is tested

the |cord in place.

It shall not be possible to push the cord into the transformer to the extent that the cor

inteynal parts of the“transformer, could be damaged.

The cord shall then be subjected 25 times to a pull force of the value shown in Table 17.
pulllforce'shall be applied in the most unfavourable direction without a jerking motion, each 1

for || s

this

into

ned

are

h a
als,
rom
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DSS-
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 or
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Immediately after the pull tests, the cord is subjected for 1 min to a torque of the value shown

in Table 17.

Table 17 — 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.

For the measurement of the longitudinal displacement, a mark is made on the cord at a distance
of gpproximately 20 mm from the cord anchorage or other suitable point before starting|the
tests.

Aftdr the tests, the displacement of the mark on the cord in relation to the cord@anchorag
othe¢r point is measured, while the cord is still under the pull force.

D

or

22.9.6 The space for the supply cables or the external flexible cable orcord provided inside
for fhe connection
a) o fixed wiring and for type X and Y attachments shall be designed to:

- permit checking the proper connection and positioning ©of the conductors prior to fitting
of cover, if any;

- ensure the covers, if any, can be fitted without risk-0of damage to the conductors or their
insulation;

- prevent, for portable transformers, the un-insulated end of the conductor, should itfpull
free from the terminal, from coming intexcontact with accessible conductive parts,
unless, for type X and Y attachments&the cord is provided with terminations that|are
unlikely to pull free from the conductor;,and

b) fo fixed wiring and for type X attachments, in addition shall be:

- adequate to allow the conductafs to be easily introduced and connected; and
- designed such that covers, ifyany, giving access to terminals for external conductorsican
only be removed with the aid of a tool.

Compliance is checked by inspection and by manual tests.

23 [Terminals for external conductors

23.1 Transformers intended to be permanently connected to fixed wiring, and transformers
othe¢r than these provided with external flexible cords with type Y or Z attachments shal| be
proyided with terminals in which connection is made by means of screws, nuts or eqyally
effective devices.

Terminals that are an integral part of the transformer shall comply with IEC 60999-1 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 iauac 26, biluuiu' tiIU bUIIUIuL;tUI IL.JIUt'JIr\ awdy dt tiIU DUiu‘GlUuI Ul WU:U‘Ud jU;IIt, Ul Dilp uut Ul the
crimped connections.

NOTE In general, hooking-in before soldering is considered to be a suitable method for retaining the.conductpr of
a flekible cable or cord in position, provided the hole through which the conductor is passed is not unduly 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 inspection and by applying a
pulllforce of 5 N to the connection immediately before carrying out'the test of 14.1.

23.3 Terminals, other than those with type Y or Z attachments, shall be so fixed that when
the |clamping means is tightened or loosened, the terminakdoes not loosen up, internal wiring
is npt subjected to stress, and creepage distances and clearances are not reduced below|the
valles specified in Clause 26.

23.4 Terminals, other than those with type Y orZ-attachments, shall be so designed that Ifl‘hey
clamp the conductor between metallic surfaces with sufficient contact pressure, and without
damage to the conductor.

Compliance with the requirements 06 23.3 and 23.4 is checked by inspection and| by
measurement after fastening and loosening 10 times a conductor of the largest cross-sectipnal
area 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.

Securing with sealing compounds without other means of clamping is not considered sufficient.
However, self-hardening resins may be used to secure terminals that are not subject to torgion
in nprmal use.

23.% Terminals-provided for connection to fixed wiring, and terminals with type X attachment
shall be located near their associated terminals of different polarities and the protective earthing
terminal,_if-any.

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.

23.* Terminals without pressure plate shall be provided with at least two clamping screws if
the [current exceeds 25 A.

Compliance is checked by inspection.

23.9 Terminal screws, other than screws of terminals for the connection ef protective earthing
confductors shall not come into contact with any accessible conductiveparts. For class Il
transformers, they shall also not touch any conductive parts separated from accessible
confductive parts only by basic or supplementary insulation when.the screws are loosened
up as far as possible.

Compliance is checked by inspection during the test of 23.2:

24 |Provisions for protective earthing

Not|applicable.

25 [Screws and connections

25.1 Screwed connections, electrical or otherwise, shall withstand the mechanical stregses
occlrring in normal use.

Screws transmitting contact pressure, and screws which are likely to be tightened by the yser
and[have a nominal diameter less than 2,8 mm, shall screw into metal.

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

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.

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.
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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 ....1
b) for other metal SCrews and fOr NUES ..........oei e Il

c) for screws of insulating material:
haoviiney haoyvaconna | b a .uith H»’u-\

diameter, or

-
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b
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D
D
o
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d.n tl- VAL 'l'l tlny ad

. . -
T CTTroToOTTacroso1ma

- with a cylindrical head and a socket for a key, the socket having a dimension'acnoss
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 1,5times the overall
thread diameter.........c.coovuiiiiiiii i ALY Al

d) [for other screws of insulating material ...................c..cocvievieieiiieeiie i i

Table 18 — Torque to be applied to screws and connections

Nominal diameter of screw Torque
Nm
mm I I I
Up fo and including 2,8 Q52 0,4 0,4
Ovgr 2,8 up to and including 3,0 0,25 0,5 0,5
Ovgr 3,0 up to and including 3,2 0,3 0,6 0,6
Ovegr 3,2 up to and including 3,6 0,4 0,8 0,6
Ovgr 3,6 up to and including 4,1 0,7 1,2 0,6
Ovgr 4,1 up to and including 4,7 0,8 1,8 0,9
Ovegr 4,7 up to and including 5,3 0,8 2,0 1,0
Ovegr 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-0or nuts likely to be tightened by the user include screws intended to be operated when replgcing
powpr supply‘cords with type X attachment.

Thel blade of the test screwdriver shall fit the head of the screw to be tested. The screws jand
nutg 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.

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).
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25.3 Electrical connections shall be designed so that contact pressure is not transmitted
through insulating material other than ceramic or pure mica, except if the insulation material
fulfills the tests according to 14.3, unless there is sufficient resiliency in the metallic parts 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
current-carrying parts, unless they clamp these parts directly in contact with each other, and

are

provided with suitable locking means.

Thread-cutting (self-tapping) screws shall not be used for the connection of current-carrying

part
how
forn

Thr
sha
scrd

Corn

25.4
be

earthing circuit.

ned in a length of material previously obtained by a swaging action.

pad-cutting and thread-forming screws, when used to provide protective earthing contin
| be such that it is not necessary to disturb the connection in normal use,' and at least
ws are used for each connection.

npliance with the requirements of 25.3 and 25.4 is checked by inspeection.

ocked against loosening if the connection carries currenfror forms part of the proteg

mwmﬁmm—mﬁmw ot,
ever, be used if they are likely to be operated by the user or installer unless the thread is

ity
two

b Screws making mechanical connections between different parts of the transformer ghall

tive

Rivets used for current-carrying connections shall~be locked against loosening if these

con

Cort

NOT]
NOT

NOT]
subj

25.6 Screwed glands shall_.comply with the following test:

Scr
whd

be tightened by.means of a suitable spanner, and the force shown in Table 19 shall be app

to t

hections are subject to torsion in normal use.

npliance is checked by inspection and by carrying out a manual test.

E 1 Spring washers and the like can provide ‘satisfactory locking.
E 2 For rivets, a non-circular shank or anvappropriate notch can be sufficient.

E 3 Sealing compounds softening“due to heat provide satisfactory locking only for screw connectiong
ected to torsion in normal use.

bwed glands shall be fitted with a cylindrical metal rod having a diameter equal to the nea
le number of millimetres below the internal diameter of the packing. The glands shall t

ne spannerfor 1 min at a point 2560 mm from the axis of the gland.

Table 19 — Torque test on glands

not

rest
hen
lied

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.
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Creepage distances, clearances and distances through insulation

26.1 General

Creepage distances (CR), clearances (CL) and distances through insulation shall not be less
than the values shown in the relevant Table 20, Table 21 and Table 22 for the relevant insulating

mat

erial (see IEC 60664-1).

Compliance is checked by measurements under the provisions of 26.2 and 26.3.

Cre
con
con
spe

Wh¢
are

NOT]
are f

NOT
give

NOT]

NOIE 1 Table 20, Table 21 and Table 22 are only applicable for frequencies up to and including 30 KHz.

page distances and clearances are measured, using the supply cable and caords
hection to fixed wiring and those for type X attachment with maximum and minimum
ductors corresponding to the rated connecting capacity of the terminal. For.type X wi
Cial cord, Y or Z attachments, the supply cable and cords as delivered are)used.

for
Size
h a

bre layers of serrated tapes are used, the value for creepage distances and clearanjces

determined as if the layers of serration coincided with one another,

E 2 Diagrams showing some examples of the methods of measurement of ¢reepage distances and clearances

ound in Annex A.

E 3 Diagrams showing some examples of points of measurement of\creepage distances and clearanceg
in Annex P.

E 4 Details of the tests necessary to determine the separationvof material groups are given in Annex G.

Valuies for printed wiring boards where failurexmay cause a hazard in the sense of

doc
exc

If th
dus
sha
4,0

26.4
26.1
The

26.1

For

ument, shall be the same as unreduced values for live parts as in Table 20 and Table
ept if the printed wiring board complies with the requirements of IEC 60664-3.

e pollution results in high and persistent conductivity caused, for instance, by condug

are

this
21,

tive

[, rain or snow, the creepage distances and clearances, as given for pollution degreje 3,

| be further increased with a minimum clearance of 1,6 mm and a value of X in Annex
mm.

. Creepage distances-and clearances
2.1  General

creepage distance and clearance values are shown in Table 20 and Table 21.

2.2 Windings covered with adhesive tape

windings covered with an adhesive bonding tape adhering to the flanges of a coil forr

A of

ner,

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:

— 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.

NOT

E An explanation of the application of 6.1.2.2.1 of IEC 60664-12007 can be found in Annex R.

Clearance values are not required.

26.2.3 Uncemented insulationing parts

Where an insulation barrier consisting of an uncemented snap-on partition wall is used,
creepage distances and clearance are measured through the joint. If the joint is covered by
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adhesive bonding tape in accordance with IEC 60454 (all parts), one layer of adhesive bonding
tape is required on each side of the wall in order to reduce the risk of tape folding over during
production.

The

The

materials used shall be classified according to IEC 60085 and IEC 60216 (all parts).

values stated for pollution degree 1 (P1) do not apply.

26.2.4 Cemented insulating parts

For
dist
insu
1:2(

NOT]

The

In @
are

NOT|
to ef

ance and clearance are required through the joint. Only the values for distance_thro
lation (DTI) apply. In this case, the impulse voltage dielectric test of 6.1.2.2.1 of IEC 1604
07 shall also be fulfilled.

E An explanation of the application of 6.1.2.2.1 of IEC 60664-1:2007 can be found in Annex/R.

materials used shall be classified according to IEC 60085 and IEC 60216 (all parts).

rder to check whether the parts are adequately cemented or adhéred, the following t
performed as appropriate:

Test A

Three specially prepared specimens with winding wires replaced by uninsulated w
without any impregnation or potting are required. The windings shall be constructed §
that there is no possible flashover between input and output windings anywhere o
than in the cemented joint to be tested.

The specimens shall be subjected 10 times to-the following sequence of temperature cyg

K8 h at the highest winding temperaturex 2 °C measured in normal use plus 10 K wi
minimum of 85 °C;

1 hat (25 + 2) °C;
D hat (0 + 2) °C;
1 h at (25 + 2) °C.

Two of the three specimeris shall then be subjected to the humidity treatment of 17.2 (4
freatment) and the . rélevant dielectric strength test of 18.3, except the test voltag
multiplied by 1,35.

One of the three specimens shall be subjected to the relevant dielectric strength test of
but with altest voltage multiplied by 1,35.

E Thestest voltage applied to the specimens for cemented parts is higher than the normal test voltage in ¢
surelthat a breakdown occurs if the surfaces are not cemented together.

26.1

26.2.5.1

transformers with cemenied parts or parts adhered together, no minimum creeppge

ugh
64-

bsts

ires
uch
ther

les:
th a

18 h
S

8.3

mmediately.after the last period at the highest temperature during the thermal cycling fest,

rder

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.

NOT

E 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 order to check whether the parts are adequately potted or impregnated, the following tests

are

performed as appropriate:
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o TestB
To test the potting or the impregnation, three prepared specimens shall be used as follows.

For components where potting or impregnation is used, the reliability of the joint is chec
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 cyc

ked

les:

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;
hat(0+2)°C:

1 hat (25 + 2) °C.

During each thermal cycling test, a test voltage of 500 V or the working voltage, ‘wWhichg
s the higher value, at 50 Hz or 60 Hz shall be applied to the specimens~between
windings where the reduced values apply.

Two of the three specimens shall then be subjected to the humidity treatment of 17.2 (
freatment) and the relevant dielectric strength test of 18.3 conducted at a voltage multip
by 1,25.

One of the three specimens shall be subjected to the relevant diglectric strength test of
mmediately at the end of the last period at the highest température during the ther
cycling test conducted at a voltage multiplied by 1,25.

bver
the

{8 h
lied

8.3
mal

26.2.5.2 For transformers with parts enclosed or hermetically sealed against ingress of gust

and

clegrances are required. Only the values for distanee<through insulation (DTI) apply. In

cas

NOTIE An explanation of the application of 6.1.2.2.1 of lEC)60664-1:2007 can be found in Annex R.

In grder to check whether the parts are ad€quately potted or impregnated, the following t

sha

moisture, and satisfying the following tests, no‘minimum creepage distances

e, the impulse voltage dielectric test of 6.1.2.2.10fEC 60664-1:2007 shall also be fulfil

| be performed as appropriate:

Test C
To test the potting or the impregnation three specimens shall be used.

For components where _insulating compound forms solid insulation between conduc
parts, finished components shall be tested. There shall be neither cracks nor voids in
fnsulating compounds.

The specimens shall be subjected 10 times to the following sequence of temperature cyg

K8 h at the highest winding temperature + 2 °C measured in normal use plus 10 K wi
minimum of86 °C;

1 h at (25) 2) °C;
D h 4t (0 + 2) °C;

and
this
led.

bsts

five
the

les:
th a

1 hvat (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
windings where the reduced values apply.

the

Two of the three specimens are then subjected to the humidity treatment of 17.2 (48 h

treatment) and the relevant dielectric strength test of 18.3 conducted at a voltage multip
by 1,35.

lied

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 conducted at a voltage multiplied by 1,35.
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26.3 Distance through insulation

26.3.1 The distances through insulation (DTI) are required for supplementary, double or
reinforced insulation only as shown in Table 22.

The insulation shall fulfil either the material classification as given in IEC 60085 and IEC 60216
(all parts) or the test of 14.3.

NOTE The material is considered as having adequate mechanical strength and resistance to ageing if it fulfils the
test of 14.3.

Thelrequirements concerning distance through insulation (DTI) do not imply that the prescriped
distgnce shall be through solid or thin sheet insulation only. It may consist of the thickness of
solifl or thin sheet insulation plus a specified clearance distance.

26.3.2 In case of solid insulation, the required values are specified in the\Table 22.|For
clagsified materials in accordance to IEC 60085 and IEC 60216 (all parts),sdistances through
insylation multiplied by 0,4 with a minimum of 0,2 mm for reinforced insulation and of 0,1 [mm
for supplementary insulation for working voltage above 25 V may be,uséd if the test of 14.3
is fulfilled.

26.3.3 In the case of insulation constructed of thin sheets of instlated material, the insulaftion
shall be such that at every place, there is at least the required,humber of layers and the DT|l as
follows:

— |f the layers are non separable (glued together):
» 3 layers are required;

p the entire composite sheet shall fulfil the.mandrel test of 26.3.4 with a pull force of (|150
+10) N;

» the required values for DTI of thin layers in Table 22;
— |f the layers are separated:

p 2 layers are required; for separated serrated layers, one additional layer is requjred
(serrated tape) plus one layer without serration fixed (e.g. adhesive);

p each layer shall fulfil.the’mandrel test of 26.3.4 with a pull force of (50 + 5) N;
p the required values for DTI of thin layers in Table 22;
— |f the layers are separated (alternative):

p at least 3 layers are required; for separated serrated layers, one additional layqr is
requireds(serrated tape) plus one layer without serration fixed (e.g. adhesive);

p two-thirds of the number of layers shall fulfil the mandrel test of 26.3.4 with a pull force
of (100 £ 5) N;

p {Ahe 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 values
for thin layers may be reduced to two-thirds of their value;
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— 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.

26.3.4 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 nickel

plat

ed steel or brass with smooth surface finish as shown in Figure 13.

A metal foil (aluminium or copper) 0,035 mm = 0,005 mm thick shall be placed closely to the

fann Afthn oannnipmny A oirhinnfnd $n A il Fnpynn ~F (4 4 N 4) N Thno panfal il cahall b
Suriaee—-o+tAe o CtTCU— C— o757/

pos
mar
10

The
to:

The
motf
repq
mar
test
foil

No
phe

ST CITTTCTTarnad o

ftioned that its borders are 20 mm away from the borders of the specimen, and when
drel is in its final position, it covers the edges upon which the specimen is lying by at I
nm.

TaopuT1oTC TV T rreTrrretar oo Trall o

a pull force of (150 £ 10) N for a specimen consisting of several nof*Separable layers;

a pull force of (100 £ 5) N for a specimen consisting of 2/3 the ,namber of separated la)
serrated or not); and

a pull force of (50 £ 5) N for a specimen consisting of a single layer (serrated or not).
mandrel shall be slowly rotated forwards and backwards 3 times for 230° without jer

ion. If the specimen breaks at the clamping devicée during the rotation, the test shal
bated. If one or more specimens break at any other place, the test is not fulfilled. While

voltage shall be applied for 1 min as described in 18.3 between the mandrel and the m|
as follows:

h test voltage of at least 5 kV or the applicable test voltage of 18.3 multiplied by 1,35 f]
specimen consisting of several nonseparable layers (at least 3 layers), whichever is grea

h test voltage of at least 5 kV or the applicable test voltage of 18.3 multiplied by 1,25 f]
specimen consisting of 2/3 of:the number of at least 3 separated layers, whichevg
greater;

h test voltage of at least 5 kV or the applicable test voltage of 18.3 multiplied by 1,25 fi
specimen consisting.of-one layer of the number of 2 separated layers, whichever is gre3

homena shall be’disregarded.

specimen is held in place at its free end by an appropriate clamping device;and subje¢

2 SO
the
past

ted

ers

ing
be
the

drel is in its final position, within a minute following the final positioning, a dielectric stremgth

etal

Or a
ter;

Dr a
ris

Dr a
ter.

flashover or breakdown shall occur during the test, and corona effects and similar
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Dimensions in millimetres

— Side view

Partial section

50 +0,5
Each side

\

Material: corrosion-resistant metal

a) Initial

Figure 13a — Mandrel

Fixing system

Metal foil

Figure 13b — Position of mandrel

Insulating material

Fixing

Metal foil

R=10,5F0,02

%ﬂ:@%

60°+£0,5%

'—— Partial top.view

IEC

Dimensions in millimetres

b) Final

[t}

‘o"

+

o
t—Metal foil
l(1 +0,1) N

system
\/
Pull force

IEC

Dimensions in millimetres

Insulating material +——

20 0,5
[

30 +0,5

70 20,5

IEC

Figure 13c — Position of metal foil on paper

Figure 13 — Test arrangement for checking mechanical withstanding
of insulating materials in thin sheet layers
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Table 20 — Clearances in mm

Working voltage [V]

Overvoltage | Insulation of the | Pollution

category conductive part degree 225 100 150 300 600 1000
<50
P1 B : B B B :
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 Supplementary P2 0,2 0,2 0,2 0,5 15 3,0
insulation
P3 0,8 0,8 0,8 0,8 1,5 3,0
Double or P1 - - - - - -
reinforced P2 0,2 0,2 0,5 1,5 3,0 5,5
insulation P3 0,8 0,8 0,8 1,5 3,0 5,4
P1 - - - - - -
Basic insulation P2 0,2 0,2 0,5 1,5 3.0 5,4
P3 0,8 0,8 0,8 1,5 3,0 5,4
P1 - - - - - -
ove I Supplementary P2 0,2 0,2 0,5 15 3,0 5,8
insulation
P3 0,8 0,8 0,8 165 3,0 5,9
Double or P1 - - - ) - -
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,
P1 B : R B B :
Basic insulation P2 0,2 0,5 1,5 3,0 5,5 8,(
P3 0,8 0,8 1,5 3,0 5,5 8,(
P1 B : B B B :
Qv Il Supplementary P2 0,2 05 15 3.0 55 8.4
P3 0,8 0,8 1,5 3,0 5,5 8,(
Double or P1 - - - - - -
reinforced P2 0,5 1,5 3,0 5,5 8,0 14.D
insulation P3 0,8 1,5 3,0 5,5 8,0 14,p
P1 N - . . . :
Basic insulation P2 0,5 1,5 3,0 5,5 8,0 14.D
P3 0,8 1,5 3,0 5,5 8,0 14,p
P1 - - - - - -
ave Iv Supplementary P2 05 1,5 3.0 55 8,0 14,0
insulation
P3 0,8 1,5 3,0 5,5 8,0 14,p
Double or P1 - - - - - -
reinforced P2 1,5 3,0 5,5 8,0 14,0 25,p
insulation P3 1,5 3,0 5,5 8,0 14,0 25,p

Forffunctional insulation‘he clearances are required
Vallies of clearances(may not be interpolated between the values in the table.

No yalues for clearances are required for working voltages below 25 V AC or 60 V DC as the dielectric strenjgth
test|of Table 14¢{is-Considered sufficient.

Thepe values'do not apply:

— |nside _each winding or between groups of windings intended to be permanently connected together, provided
hat'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.

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 21 — Creepage distances in mm

Material Working voltage [V]
group Insulation of the | Pollution
conductive part degree 225 100 150 300 600 1000
(CTl-value) <50
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
| Supplementar P1 0,18 0,25 0,3 0,7 1,7 3,2
(CTI 2 600) meulation P2 0.6 0.7 0.8 1.5 3,0 5.5
p3 1.5 18 20 39 7.7z 12
Double or P1 0,25 0,4 0,7 1,7 4,0 7,5
reinforced P2 0,7 1,0 1,6 3,0 6,0 10,p
insulation P3 1,8 2,5 4,2 7,7 16,0 25,0
P1 0,18 0,25 0,3 0,7 147 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,D
I P1 0,18 0,25 0,3 0,7 1,7 3,2
(40p < CTI < | Supplementary P2 0,9 1,0 11 2,1 43 71
insulation
600) P3 1,7 2,0 2,2 42 8,6 14,p
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,D
insulation P3 2,0 2,8 4,2 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,p
P3 1,9 2,2 2,5 4,7 9,5 16,p
la P1 0,18 0,25 0,3 0,7 1,7 3,4
(1ps s cri | Supplementary P2 1,2 74 1,6 3.0 6.0 10,0
< 400) P3 1,9 2,2 2,5 4,7 9,5 16,p
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,p
insulation P3 2,2 3,0 4,7 9,5 19,2 32,p
P1 0,18 0,25 0,3 0,7 1,7 3,4
Basic insulation P2 1,2 1,4 1,6 3,0 6,0 10,p
P3 1,9 2,2 2,5 4,7 9,5 16,p
b P1 0,18 0,25 0,3 0,7 1,7 3,4
(1bo<cm | Supplementary P2 1,2 1.4 1,6 3,0 6,0 10,p
| insulation
£ 175) P3 1,9 2,2 2,5 4,7 9,5 16,p
Double ar P1 0,36 0,5 0,7 1,7 4,0 7,5
reinforCed P2 2,4 2,8 3,2 6,0 12,0 20,p
insulation P3 3,8 4,4 5,0 9,5 19,2 32,p
For|functional insulation no creepage distance values are required.
Vallies of creepage distances may be found for intermediate values of working voltages by linear interpolatipn
between the yalues in the table.
No yalues foricreepage distances are required for working voltages below 25 V AC or 60 V DC as the dielegtric
strephgth test of Table 14 is considered sufficient.
TheFe \atues 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 (CTIl) defined in IEC 60112 is given in
Annex G.
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Table 22 — Distance through insulation in mm

Working voltage [V]
Insulation of the

conductive part 22 100 150 300 600 1000
solid - - - - - -
Basic insulation thin ) ) ) ) ) )
layers
solid 0,1 0,15 0,25 0,5 0,75 1,0
Supplementary —
nsulation | i 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
Double or reinforced -
insulation | thin 0,1 0.1 0,15 0.3 0.4 05
ayers

Forl functional insulation no distance through insulation (DTI) is required.

Va

No

die|ectric strength test of Table 14 is considered sufficient.

These values do not apply:

For insulation between SELV circuits and adjacent circuits'other than SELV or PELV, the insulation shall fuffil
the|requirements of double or reinforced insulation (according to 19.1).

values for distances through insulation are required for working voltages below,25 V AC or 60 V DC as t}

inside each winding or between groups of windings intended to be permanently connected together, provi
that determination 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

(e.g. input voltage 115/ 230 V).

lues of distance through insulation (DTI) may be found for intermediate values of working voltages by linepr
intg¢rpolation between the values in the table.

IEC 60317 (all parts), if only the windings are intended to<e) connected in a series or parallel arrangement

NOQITE 1 When a numeric figure is replaced by a dash in a column of the table it means that no value is required

When double insulation is required between ifiput and output windings, the total thickness through insulatipn

shgll be measured directly or via metals parts, with the exception of insulated wires (see 19.12).

NOITE 2 In case of a physical breakdown' of the basic insulation or supplementary insulation, the thickngss

of the insulation is added to the clearance.

Ar

pduction of these values is alfowed in the case of different layers according to clause 26.3.3.
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Table 23 — Creepage distances and clearance between terminals for external connection

Working voltage [V]
Current values
[A] 225
<50 100 150 300 600 1000
Creepage distances and <6 3,0 3,6 4,0 6,0 9,0 12,5
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
between screw terminals for input
and for output > 16 10,0 11,0 12,0 14,0 17,0 20,0

vo

str¢

Thd

For
the

NOI‘TE 1 Values of clearances and creepage distances may be found for intermediate values of work
I

NOTE 2 No values for clearances are required for working voltages below 25 V AC or 60 V DC as the dieleg

ages by linear interpolation between the values in the table.

ngth test of Table 14 is considered sufficient.

se values do not apply:

inside each winding or between groups of windings intended to be permanently connécted together, provi
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
IEC 60317 (all parts), if only the windings are intended to be connected in la _series or parallel arrangem)|
(e.g. input voltage 115/ 230 V).

insulation between SELV circuits and adjacent circuits other than SELV or PELV, the insulation shall fu
requirements of double or reinforced insulation (according to 19. 1.

ng

tric

led

of
ent

=

26.3.5 For transformers with FIW wires the following/test is required:

To fest the FIW-winding at the final transformerithree specimens shall be used. The specim

sha

68 h at the highest winding temperature + 2 °C measured in normal use plus 10 K wit

min
1h
2h
1h
Dur

the
whe

Twad
tred

I be subjected 10 times to the following ,sequence of temperature cycles:

imum of 85 °C;

at (25 + 2) °C;
at (0 + 2) °C;

at (25 + 2) °C.
fng each thermal.cycling test, a test voltage of 500 V or the working voltage, whichev{

higher value, at’50 Hz or 60 Hz shall be applied to the specimens between the wind
re the reduced values apply.

of thesthree specimens are then subjected to the humidity treatment of 17.2 (4
tment) and the relevant dielectric strength test of 18.3.

ens

h a

by iS
ngs

8 h

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) * Up % 0,85 x 103
d, is the minimum overall diameter [mm];

dc, is the nominal conductor diameter (copper diameter) [mm];

U, is the minimum characteristical breakdown voltage [V/um];

U; is the allowed dielectric strength voltage for FIW [V] (duration of 60 s).

(6)
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Resistance to heat, fire and tracking

27.1 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

doc

ument, the following tests may be omitted.

27.2 Resistance to heat

27.2.1 General

All parts of the transformer made of insulating material shall be resistant to heat.

The

acc

Compliance is checked by subjecting parts made of insulating materialsto a ball-pressure

acc

The

volt

The test shall be performed in a heating cabinet at a téemperature specified below.

NOTE Details of the ball pressure test procedure are desctibed in IEC 60695-10-2.

The surface of the part to be tested shall be placed in a horizontal position and a steel ba
(6 4 0,05) mm diameter shall be pressed against the surface with a force of (20 £ 0,2) N.

Aftgr 1 h, the ball is removed from the:Specimen, and the specimen is cooled down, within 1
to approximately ambient temperature by immersion in cold water. The diameter of

imp

brding to 19.9. Additionally the tests do not apply to parts made of ceramiic.material.

brding to 27.2.2 and 27.2.3 as appropriate by means of the apparatus shown in Figure

nge <24 VAC or <60 V DC and a power not exceeding-72 W.

ression caused by the ball is measured and shall not exceed 2 mm.

Dimensions in millim

following tests do not apply to parts made of natural or synthetic rubber that'shall be tested

test
14.

test is not carried out for cables and small connectors with @ sated current <3 A and a rated

| of

0 s,
the

etres

NS SR 2,5 0,025

Specimen

Figure 14 — Ball-pressure apparatus

27.2.2 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+ 15+ 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.

Compliance is checked by the following test.

The test shall be performed at a temperature of (125t 2) °C, or at a temperaturg of
(T 415 £ 2) °C where T is the temperature of the relevant part during the test of 14.1, whichever
is hjgher.

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

27.3.1 Transformers with protection index IP20 or higher, gnder fault conditions, shall|not
act|as a source of ignition, and the insulation between<the windings shall not result in
breakdown; moreover, hazardous-live-parts shall not be accessible.

Compliance is checked by the tests of 27.3.2 and 27.3.3. This test is not required on fail-gafe
transformers as they are covered by 15.5.

For(this test, one or two additional specially>ptepared specimens is (are) required. A short-
circpit in the winding(s) shall either be built.in, or made possible by short-circuiting the lgads
conpected to the winding(s) provided by{he manufacturer.

If the transformer is provided with~a thermal protective device in the input circuit, the sHort-
circpit 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 oufput
cirquits, the short-circuit shall be introduced in each winding in two separate specimens.

The short-circuit shajl’be made in the middle of the winding. In case of more than two windings,
the |short-circuit ‘shall be introduced in the winding being thermally farthest away from|the
thenqmal control:

The| percentage of turns to be short-circuited shall be approximately equal to the short-cirguit
vollage expressed as a percentage of the rated supply voltage. The specimen with the sHort-

C”-C ubehall thanm ha ~hAaslead ne fAallaao
Totrran e ottt TCIKCt—ao—TOTTOwW o™

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.

For|transformers with self-resettable protective devices, all the protective devices are short-
circpited.

If the non-self-resettable or replaceable protective device, if any, interrupts the _circuit,|the
supply shall be switched off and the transformer shall be left to cool down for"2’h. Then|the
protective device shall be reset or replaced, and the supply shall be switchedionuuntil the deyice
intefrupts the circuit or an interruption in the transformer occurs. If no.interruption in|the
transformer occurs, 30 cycles shall be conducted in the case of resettablé’protective deviges,
or 10 cycles in the case of replaceable devices. Each cycle consists of supplying |the
transformer until the protective device interrupts the circuit and the)power remains switched
off for 2 h.

Durfng the test, no flames shall occur, and the transformer shéall not act as a source of ignftion
for the surroundings. The temperature of the support shall not exceed 125 °C. If stationary
trannsformers are placed in a vertical position or on the’ceiling, burning drops, if any, shall not
ignife the tissue paper or scorch the pinewood board:

27.3.3 After the test of 27.3.2 and after coolihg down to ambient temperature, the following
applies.

a) [fransformers where a definitive interruption in the input circuit has occurred ghall
ithstand a dielectric strength test{the test voltage being 35 % of the values accordinpg to
Table 14 of Clause 18.

b) [fransformers where no definitive interruption has occurred after the cycling test ghall
vithstand the test voltages according to Table 14 of Clause 18.

Trapsformers with protection index IP20 and higher shall not allow the standard test finggr to
tou¢h hazardous-livé=parts without appreciable force. In case of doubt, contact with
hazjardous-live-parts’/is shown by means of an electrical contact indicator, the voltage bging
notlless than 40 V. \If one specimen does not pass the test, the complete test has failed.

27.4 Resistance to fire

27.4.1, \ General

pread

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

spe

cimen.

Only one specimen shall be tested. In case of inconclusive results, the test is repeated-eh
addjtional specimens and both shall pass the test.

27.4.2 External accessible parts

Ext

Con
gloy

No

27.4

Par
sha

Corn
the

rnal parts of insulating materials shall be resistant to ignition and spredd, of fire.

npliance is checked by subjecting enclosures and other external@accessible parts to
v-wire test with the temperature of the glow wire as follows:

650 °C for enclosures;

50 °C for parts retaining current carrying (keeping, invposition) parts in position

750 °C for parts retaining (keeping in position)~¢urrent carrying parts in position
ferminals for external conductors with fixed conhnection (e.g., soldering) which car
current exceeding 0,2 A during normal operation;

850 °C for parts retaining (keeping in position) current carrying parts in position
D,2 A during normal operation.

jlow wire tests are required for foils’in thin sheet form with a thickness of up to 0,2 mm

1.3 Internal parts

s of insulating materials’retaining (keeping in position) current carrying parts in posi
| be resistant to ignition and spread of fire.

npliance is checked by subjecting the parts of insulating materials to the glow-wire test
temperature.of the glow wire as follows:

650 °C.forinternal insulating material not retaining (not keeping in position) current carr)
barts-in position;

650 2 C for coil formers (bobbins);

two

the

and

ferminals for external conductors which carry a current-tip to 0,2 A during normal operafion;

and
y a

and

ferminals for external conductors with nan=fixed connection which carry a current exceedling

tion

with

ing

650 °C for parts retaining (keeping in position) current carrying parts in position

and

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.

No 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

023

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 th

ey are exposed to pollution degree 3.

Material group Illb (100 < CTI < 175) is not recommended for application in pollution degree 3

abo

For

ve 630 V

materials other than ceramics, compliance is checked by the tests of Annex G.

No

28

Fer
ade

Thig
coa

Con

All
10
in W
pari
of (

Aftd
(10

NOT]

[lashover or breakdown between electrodes shall occur before a total of 50 drops hasfa

Resistance to rusting

ous parts, the rusting of which might cause the transformer to become unsafe, shal
quately protected against rusting.

requirement applies to the outer surfaces of iron cores, in which case, protection H
fing of varnish is deemed to be adequate.

hpliance 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 trichloroethang
nin. The parts shall then be immersed for 10 min‘inh a 10 % solution of ammonium chlo
ater at a temperature of (20 £ 5) °C. Without\drying, but after shaking off any drops,
s shall be placed for 10 min in a box contaihing air saturated with moisture at a tempera
PO + 5) °C.

D + 5) °C; their surfaces shall shaiw~no signs of rust.

E Traces of rust on sharp edgesiand any yellowish film removable by rubbing are ignored.

en.

be

y a

for
ride
the
fure

r all the parts have been dried for 10 min in a heating cabinet at a temperaturg 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
thig distance.

The dimension X, specified in the examples A.1 to A.8 has axminimum value depending on|the
pollution degree according to Table A.1.

The methods of measuring creepage distances and-\clearances are indicated in Figure A.[1 to
Figlre A.8. These cases do not differentiate betwe€en gaps and grooves or between typep of
insylation.

The| following assumptions are made:

— Bny recess is assumed to be bridged with an insulating link having a length equal to|the
specified width X and being placéd in the most unfavourable position (see Figure A.3);

— Wwhere the distance across.a _groove is equal to or larger than the specified width X,|the
creepage distance is medsured along the contours of the groove (see Figure A.2);

— reepage distances and’clearances, measured between parts which can assume different
positions in relation\t6 each other, are measured when these parts are in their most
Linfavourable pogition.

————— Clearance mrmennen Creepage distance
— - <X [
o T e T -
IEC
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
Condition: Path under consideration includes a parallel sided groove of any depth and equal to or more than
X mm wide.
Rulef Clearance is the "Tine of sight" distance. Creepage path follows the contour of the groove.
Figure A.2 — Example 2
————— Clearance Zemrmenern Creepage distance
............... 7 vv’v’v’v’vv
ettt
A
D
S
IEC
Condition: Path under consideration includes a V-shaped groove with an internal angle of less than 80° and a
width greater than X mm.
Rulef: Clearance is the "line of sight" distance. Creepage\path follows the contour of the groove but "short-

circuits" the bottom of the groove by a length of X mm.

Figure A.3 — Example 3

————— Clearance Creepage distance

IEC

Condition: Path under consideration includes a rib.
Rule: Clearance is the shortest direct air path over the top of the rib. Creepage path follows the contour of
the rib.

Figure A.4 — Example 4
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— — — Clearance e Creepage distance

IEC

Condl

Rulef

Con

Rulef

ition:

ition:

— — — Clearance e Cfeepage distance
>X 2X
o — T..;..,.,...,r.,..,-.,..,-.,., — e i
IEC

Path under consideration includes an uncemented joint with grooves less than X mm wide on-e
side.

Creepage distance and clearance path is the "line of sight" distance shown.

Figure A.5 — Example 5

Path under consideration includes an uncemented joint with grooves equal to or more than X mm
on each side.

Clearance path is the "line of sight" distance. Creepage follows the contour of the groove.

Figure A.6 — Example 6

ither

wide
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————— Clearance Creepage distance

i IEC

Gap|between head of screw and wall of recess wide enough to be taken into account:

Figure A.7 — Example 7

————— Clearance

Creepage distance

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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B.1

Annex B
(normative)

Testing a series of transformers

General

The requirements of this annex are intended to facilitate the testing of a series of transformers.

If a geries of transformers is to be tested, the number of samples to be tested may be redug¢ed.

Traphsformers can be considered as a series if:

a) they are of the same family, this meaning that they are covered by the._same pant of

1)

o)

c) fhey are designed for the same minimymrand maximum ambient temperatures.

IEC 61558-2;
b) they are of the same construction, implying that:

they have lamination or core from the same pattern range‘and made of the same
material,

the same type of winding technology has been used /{for‘example concentric or [two
chambers, same insulation system),

the same assembling technology has been used (fof.example open type, enclosed type,
encapsulated type, impregnated, potted, etc.),

the same type of protection against overload-has been used (for example fuses, thermal
cut-out, etc.),

they are of the same frequency range;

Varl|ations in the following parameters_are permitted, provided that the transformers comply in

all gther respects with the rules detailed above:

— |nput voltage range;

— putput voltage range;

— humber of tapping and/or windings;

— pupply frequency/in‘the declared frequency range;
— rated output.

B.2

Requirements

The nomber of samples needed in case of testing a series of transformers as defined above

shallLbe:

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 of
tappings;

one of the highest rated output, with the lowest voltages and the lowest number of
tappings;

one of the lowest rated output, with the highest number of tappings with the highest
voltage difference between adjacent windings;

one of the medium rated output, with medium voltages and medium number of tappings;
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— one of the highest rated output, with the lowest voltages and the highest number of

windings.
When only two samples are chosen the first two alternatives should be used.

b) for parameter 4): one sample of the lowest supply frequency and, in case of doubt, one

c)

To

Thel conditions above may be covered by a minimum of two samples.

Thel number of specimens for each sample shall be in accordance with 5.2, except for:

B.3] Constructional inspection

At |

clegrances,y mechanical strength, etc.

Thel samples required in B.3 shall include the samples used in B.2.

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:

= Ul Uf t;IU iUWUDt IdtUuI Uutput, VV;“I t;IU iIiU;IUDt difolUllbU ;II pUlbUlltdyU IUUtWUUII
value of the current of the transformer and the value of the current of the rele
protective device, if any;

- one of the highest rated output, with the highest difference in percentage.between
value of the current of the transformer and the value of the current ©f lthe rele
protective device, if any;

and core;

enclosure.

he test of 14.3 where only two samplés of three specimens in total are needed for
series, the samples being the two. first of parameter 5;

he test of 15.5 where only twe Ssamples of three specimens in total are needed for
series, the samples being the two first of parameter 5;

ype being chosen.

east one specimen of each lamination or core size shall be provided for constructi

the
ant

the
ant

- one sample representing the most unfavourable condition of the temperature of winding

- one sample representing the most unfavourable condition of the’temperature rise of|the

be sure that in any case the most unfavourable situation i covered, the manufacturer ghall
declare the type in the series having the maximum losses.in'normal condition; this type s
be ¢hosen as one of the samples to be tested.

hall

the

the

he test of 16.4 where only.three specimens in total are needed for the series, the heaiest

bnal
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Annex C

(void)
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Annex D

(void)
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E.1

Annex E
(normative)

Glow-wire test

General

The glow-wire test is carried out in accordance with IEC 60695-2-10 and IEC 60695-2-11.

For

and| subclauses of IEC 60695-2-11.

E.2| Severity

The

temperature of the tip of the glow-wire is that stated in 27.4 of this document.

E.3| Conditioning

Theg requirements of Clause 7, “Conditioning”, of  IEC 60695-2-11:2014 apply,

pre

tonditioning is required.

E.4) Test procedure

Theg requirements of Clause 8, “Test procedure”, of IEC 60695-2-11:2014 apply with
following addition to 8.1:

nlf F

nari

ow recesses or sharp edges.”

the purpose of this document, the following applies with reference to the relevant clauses

requirements of 8.2, “Test temperatures” of IEC 60695-2-11:2014 apply, except that|the

but

the

ossible, the tip of the glow-wire js~applied to flat surfaces and not to grooves, knock-duts,
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Annex F
(normative)

Requirements for manually operated switches
which are parts of transformers assembly

F.1 General

The_tests on switches being either integrated or incorporated in the transformers are carried
outjin accordance with IEC 61058-1 as stated in F.2 or F.3.

Manually operated mechanical switches shall comply with the requirements of F.2 orF.3.

F.2| Switches tested as a separate component

The switch, tested as a separate component, shall comply with the requirements and tests of
IEC|61058-1:2016, modified as follows:

e [.9: the switch shall be suitable for use in the relevant pollution degree situation;
e [7.11.3: the switch shall be resistant to 850 °C glow‘avire temperature regarding |the
resistance to heat and fire.

In addition, the characteristics of the switches as_dé&scribed in IEC 61058-1:2016 shall be
appfopriate for the function of the switches under normal operating conditions with regard {o:
a) [Clause 6: the rating of the switches;

b) [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:

If the switch energises or de*energises the socket-outlet(s) in the secondary circuit, the rated

output current and the rated’ peak surge current of the socket-outlet(s) of Table F.1 shal| be
taken into account as specified in F.3.3.

Compliance is checked by inspection and by measurements according to test specifications of
IEC|61058-1.

F.3] Switches tested as part of the transformer

F.3! -
conditions, shall meet th

vy ting

e requirements of F.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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test is carried out on three specimens, no failure is allowed.

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
1<0,5 20
0,5<7<1,0 50
1,0<1 100
If the socket-outlet(s) is/are marked with the current which.faay be drawn, this/these valu

is/a

If th
the

Aftd
sha
dist

Con
in tf

e chosen for the rated current 7 of the socket-outlet(s):

e socket-outlet(s) is/are marked with the powerdwvhich may be drawn, the rated currer
socket-outlet(s) is calculated from this/these value(s).

r the test, the switch shall show no damage in the sense of this document. In particulg
| show no deterioration of its enclosure, no reduction of clearances and creep
ances and no loosening of electricakconnections with mechanical fixing.

npliance is checked by inspection and by the tests specified in F.3.4 and F.3.5, respectiy
e given order.

F.3

adv
par
and

4  The switch shall be_so constructed that it does not attain excessive temperature

rsely affected by-~the operation in normal use in the conditions given by the apparatus

norFal use. The materials: used shall be such that the performance of the switch is (are)

D

e(s)

t of

r, it
age

ely,

5 in
not
. In

icular, the materialand design of the contacts and terminals shall be such that the operation

the performance of the switch are not adversely affected by its oxidation or o

deterioration.

Corn
to 1

hpliance'is checked in the "ON" position under normal operating conditions and accor
64'e) and q) of IEC 61058-1:2016, taking into account the rated current of the soc

out

ther

ing
ket-

i(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 multipole
switch.
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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

General

The tracking tests on the transformers are carried out in accordance with IEC 60112 as follows.

For
trac

Sep
trad

The
con
pos
new

For
sub

G.2

The
req

G.3

The
IEC

the purpose of this document, materials are classified into four groups by their compatra
king index (CTI) values, as follows:

material group | 600 < (CTI);

CTI) < 600;

CTI) < 400;

material group Illb 100 < (CTI) < 175.

material group Il 400 <
material group llla 175 <

(
(
(
(

aration of the material groups is (are) determined by compliance with the compard
king index test made in accordance with IEC 60112.

test is made on three separate specimens or on three pieces cut from the rele
ponent, care being taken that the electrodes are, clean, correctly shaped and corre
itioned before each test is started. In case of doubtithe test is repeated, if necessary, (
specimen.

the purpose of this document, the following applies with reference to the clauses
clauses of IEC 60112.

Test specimen

requirements of Clause 5 “Test specimen”, of IEC 60112:2003 apply except the thickn
lirement of at least 3 mm.

Test apparatis

requirements.of Clause 7 “Test apparatus”, with the test solution A as described in 7.
60112:2003 shall be used.

G.4| Procedure

tive

tive

ant
ctly
na

and

ess

3 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

General

For transformers including electronic circuits, the following requirements apply additionally
to Clauses 5, 15, 26.

This

H.2

H.2

2 for the specific transformers, apply to electronic circuits.

H.2
nec

The number of additional samples should be kept to a minimum by an evaluation of the rele

circ

H.3] Short circuit and overload protection (addition to Clause 15)

H.3
the

Compliance is checked by evaluation\of the fault conditions specified in H.3.3 for all circuif
paris of circuits, unless they comply, with the conditions specified in H.3.2.

If the safety of the transformer under any of the fault conditions depends on the operatio
a fuse-link, the test of H.3.4.is made.

Durjng and after each\test, the temperatures shall not exceed the values specified in Tab
and| the transformer shall comply with the conditions specified in 15.1.

If a
to h

annex is not required for associated transformers.

General notes on tests (addition to Clause 5)

1 All clauses of this document, as modified in this annex, and in the Parts of IEC 615

2 The accumulation of stress resulting from successive testspis-to be avoided. It may
essary to replace components or to use additional samples.

Lits.

1 Electronic circuits shall be so designed,;and applied that a fault condition will not rer

conducterof a printed circuit board becomes open-circuited, the transformer is considg

hé/printed circuit board complies with the requirements of FV1;

transformer unsafe with regard to eleetric shock, fire hazard or dangerous malfunction.

fave withstood the particular test, provided that all six of the following conditions are mat:

58-

be

ant

der

S or

e 5

red

he interrupted conductors have not peeled by more than 2 mm on each side;

the interruption is in a low-power circuit as described in H.3.2, and in addition the volt
over the interruption shall not exceed 50 V;

age

the transformer complies with the requirements of this subclause with the interrupted

conductors bridged;
no other conductor has been loosened over a length of more than 5 mm;

any peeled or loosened conductor does not reduce the creepage distances and clearan
between hazardous-live-parts and accessible parts below the values specified in Cla
26.

ces
use

Unless it is necessary to replace components after any of the tests, the dielectric strength test

of 1

8.3 need only be carried out after the final test on the electronic circuit.
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In general, examination of the transformer and its circuit diagram will reveal the fault conditions
which have to be simulated, so that testing can be limited to those cases which may be expected
to give the most unfavourable result.

H.3.2 Fault conditions a) to f) specified in H.3.3 are not applied to circuits or parts of circuits
where both of the following conditions are met:

— the electronic circuit is a low-power circuit as described below;

— the protection against electric shock, fire hazard, mechanical hazards or dangerous
malfunction in other parts of the transformer does not rely on the correct functioning of the
E‘|'Ebt|uniu bilbuit.

A lgw-power circuit is determined as follows (an example is given in Figure H.1):

The transformer is operated at rated voltage and a variable resistor, adjusted to its maximum
resistance, is connected between the point to be investigated and the oppo0site pole of|the
supply source to the electronic circuit.

Thel resistance is then decreased until the power consumed by the resistor reaches a maximum.
Any point nearest to the supply at which the maximum power deliveredto this resistor does|not
exceed 15 W at the end of 5 s is called a low-power point. The paft-of the circuit which is further
from the supply source than a low-power point is considered 1@ be a low-power circuit.

Thel measurements are made from only one pole of the supply source to the electronic cirguit,
preferably the one that gives the fewest low power points.

When determining the low power points, it is reecommended to start with points close to|the
supply source.

NOTE The power consumed by the variable resistoris measured by a wattmeter.

H.3[3 The following fault conditions;arfe considered and, if necessary, applied one at a time.
Consequential faults are taken into.consideration.

a) PBhort circuit of creepage distances and clearances between live parts of different polarity,
f these distances are less:than those specified in Clause 26.

b) Ppen circuit at the terminals of any component.

c) Bhort circuit of capacitors, unless they comply with IEC 60384-14.

d) Bhort circuit of'‘any two terminals of an electronic component, other than integrated circuits.
This fault condition is not applied between the two circuits of an optocoupler.

e) Ppen circuit or short circuit inside an integrated circuit. In that case, the possible hazardous
Situations of the transformer are assessed to ensure that safety does not rely on the corfect
functioning of such a component.

\H-possibleoutput-signalsof the-integrated circuit areconsidered-in-the resultlf it cam be
shown that a particular output signal is unlikely to occur, then the relevant fault is not
considered.

Microprocessors are tested as integrated circuits.

Semiconductor components such as thyristors and triacs are subjected to fault conditions b)
and d).

f) In addition, each low-power circuit is short-circuited by connecting the low power point to
the pole of the supply from which the measurements were taken.

For simulation of the fault conditions, the transformer is operated at any supply voltage
between 0,9 times and 1,1 times the rated supply voltage.
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Where any of the fault conditions are simulated, the test is continued until steady-state
conditions are established.

In each case, the test is ended if interruption of the supply occurs within the transformer.

If the transformer incorporates an electronic circuit which operates to ensure compliance with
Clause 15, the relevant test is repeated with a single fault simulated, as indicated in a) to e)
above.

Fault condition e) is applied to encapsulated and similar components if the circuit cannot be
assessed by other methods.

Posiitive temperature coefficient resistors (PTCs) and negative temperature coefficientresisfors
(NTICs) are not short-circuited if they are used within their manufacturer's declgred
specification.

H.3[4 If, for any of the fault conditions specified in H.3.3, the safety)of the transformer
depends on the operation of a fuse-link, the test is repeated but with the/fuse-link replaced by
an ammeter.

In gase of doubt, the maximum resistance of the fuse-link has~tobe taken into account when
determining the current.

For|miniature fuse-links complying with IEC 60127-3 the following applies.

If the current measured does not exceed 2,1 times the rated current of the fuse-link, the cifcuit
is npt considered to be adequately protected, andithe test is carried out with the fuse-link short-
circpited.

If tHe current is at least 2,75 times the rated current of the fuse-link, the circuit is considere(d to
be adequately protected.

If tHe current measured exceeds 2,1 times the rated current of the fuse-link, but less than 2,75
timegs the rated current, the fuse-link is short-circuited and the test is carried out:

— for quick acting fuse-links for the relevant period, or for 30 min, whichever is the shorte

]

— for time lag fuse-links, for the relevant period, or for 2 min, whichever is the shorter.

The| verification twhether the fuse-link acts as a protective device is based on the fuging
characteristics) specified in IEC 60127-3, which also gives the information necessary to
caldulate thé ' maximum resistance of the fuse-link.

For|fuses’other than those complying with IEC 60127-3, the test is carried out as specified in
15.8.2.f0 15.3.5

H.4 Creepage distances, clearances and distances through insulation
(addition to Clause 26)

H.4.1 For live parts of different polarity separated by basic insulation only, creepage
distances and clearances smaller than those specified in Clause 26 are allowed, provided the
requirements of Clause H.3 are met if these creepage distances and clearances are short-
circuited in turn.

Creepage distances and clearances within optocouplers are not measured if the individual
insulation is adequately sealed, and if air is excluded between individual layers of the material.
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If coatings are used on printed circuit boards to protect the micro-environment or to provide
basic insulation, Annex W applies. Smaller distances as required in Clause 4 of IEC 60664-
3:2016, are applicable (Type 1 protection: P1 value; Type 2 protection distances to insulation).

For cycling tests for potted transformers see 26.2.

H.4.2 For optocouplers, the conditioning procedure is carried out at a temperature of 50 K in
excess of the maximum temperature measured on the surface of the optocoupler during the
tests of Clause 14 or Clause 15, the optocoupler being operated under the most unfavourable
conditions which occur during these tests.

D is ja point furthest from the supply source where the maximum power delivered to external load exceeds 15 W.

A anf B are points closest to the supply source where the maximum power delivered to external load does not ex

15 W

Poin

i ()

Supply Zg 4® Zs
source

2 fe)

. These are low-power points.

s A and B are separately short-circuited. to C.

The fault conditions a) to e) specified in H:3.3 are applied individually to Z,, Z,, Z,, Z, and Z,.

Figure H.1 — Example of an electronic circuit with low-power points

IEC

ceed
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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 1.1 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.

When the size 4 in the Table 1.1 is higher than 400 mm, the dimension parameters shal
accprding to DIN 43671 for copper rectangular cross-section connectors, DIN 43670
aluminium rectangular cross-section connectors and DIN 43670 part 2 for coppgr“clad

be
for
ding

aluminium cross-section connectors or at least equal to the cross-section value for,the winding

wirg

The

or foil.

current-density of the rectangular cross-section connector shall not exceed 4,0 A/mm2.

The

dimensions and mounting holes of the attachment surface shall conform-with the values stated

in Tlable 1.1.

For
can

NOTE These values can be reduced when the rectangular crdss-section connectors are cooled by addit

meth

The

contortion or breaking away caused, for example, by high short-circuit currents and
conpection with a bunched conductor.

Tab

higher current values or by constructional reasons, rectangular cross-section connec
be used in parallel connection if the same value of the cross-section dimension is met.

ods and the attachment is ensured. Methods are for example liquid cooling.

rectangular cross-section connectors shall-Rave sufficient mechanical strength to a

le 1.1 is only necessary to ensure-the connection with busbars.

tors

onal

oid
the
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Table 1.1 — Dimensions of rectangular copper connectors

Dimensions Current A B C D E F Mounting
A mm mm mm mm mm mm Screws
y < 145 15 12 6 5,5 M5
<215 18 15 7,5 6,6 M6
2 O)‘
JCH < 365 23 20 10 9 M8
NO N <430 28 25 12,5 11 M10
N--— + / /
1€ a <760 35 30 15 11 M10
N~ N
< S N
N C < 950 45 40 20 13,5 M12)
IEC
A

..@-@"% <1130 85 50 20 13,5 40 / M12

IEC

Winding

7
=y
a
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Current A B C D E F Mounting

Dimensions [A] [mm] | [mm] [mm] [mm] [mm] [mm] Screws

1305 65 60 17 13,5 26 26 M12

Winding|//

!
|
|
|
I
!
F
B
In

///
777

IEC

IA

1645 85 80 20 13,5 40 40 M12
1975 85 100 20 13,5 40 50 M12

IN

</ 7/

@ @ <2305 85 120 20 13,5 40 60 M12

IEC

!/ /OAindinal/ /.,

[/
t
a

A <2940 85 160 20 13,5 40 40 M12

<3565 85 200 20 13,5 40 50 M12

1 /1)) SAaredimal l L))
[/ 217

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

N Ry r[; Cs

1500 O — 0,22 uF
+0,1 % +1,0 %
Test terminals 10 KQ 0,1 %
1
L 1
Ry
B 500 Q _ 0,022 yF | <
+0,1% = 0% T LS
’ n)
V = voltmeter IEC
Source: Figure 4 of IEC 60990:2016.
Trug RMS reading Input capacitance? <200 pF
Undertainty: <2% Supply frequency range: 15 Hz to 1 MHz

Inplit 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
insulation, supplementary insulation, double insulation or reinforced insulation in wound
conmponents. For details of the construction, see 19.12.3.

Thig annex applies to solid circular winding wires and stranded winding wires having diameters
between 0,05 mm and 5,0 mm and solid square and solid rectangular (flatwise bending) winding
wirgs with equivalent cross-sectional areas (0,002 mm2 to 19,6 mm?2).

If the wire is insulated with two or more spirally wrapped layers of tape,(the overlap of layers
shall be adequate to ensure continued overlap during manufacture of(tfe wound compongnt.
The layers of spirally wrapped wire insulation shall be sufficiently-secured to maintain|the
amaunt of overlap.

K.2l Type tests

K.2|1 General

The winding wire shall pass the following type tests, carried out at a temperature between 1% °C
and 35 °C and a relative humidity between 25 %.and 75 %, unless otherwise specified.

K.2}2 Dielectric strength test
K.2|2.1 Solid circular winding wires and stranded winding wires

The test sample is prepared according to 4.4.1 of IEC 60851-5:2008 (twisted pair). The sample
is then subjected to the dielectric strength test of 18.3 in this document with a test volfage
standard, with a minimum of:

— B kV RMS for reinforeed insulation, or

— B kV RMS for basic insulation or supplementary insulation.
K.2{2.2 Square or rectangular wires

The test_sample is prepared according to 4.7.1 of IEC 60851-5:2008 (single condugctor
surfounded by metal shots). The sample is then subjected to the dielectric strength test of 1)8.3,
with a&minimum test voltage of:

— 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
diameters 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
<0,75 8,0+0,2
< 2,50 10,0 £ 0,2
< 5,00 4 times the conductor diameter or thickriess ®
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 is calculated from the wire
diameter to be equivalent to 118 MPa, with a relative tolerance of, #10" %, (118 N/mmZ, with a
reldftive tolerance of £10 %).

Edgewise bending on the smaller dimension side (width) is Aot required for rectangular wire.
Forlmandrel winding test of the square and rectangular wijre, two adjacent turns do not neefd 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 60851-6:2(12,
followed by the dielectric strength test of 18.8, with a minimum test voltage of:

— B,5 kV RMS or for reinforced insulation, or
— PR,75 kV RMS for basic insulation or supplementary insulation.

The test voltage is applied between the wire and the mandrel. The oven temperature is|the
relevant temperature of the-thermal class of insulation in Table K.2. The mandrel diameter jand
tengion applied to the wire during winding on the mandrel are as in Table K.1. The test voltage
is applied between the.wire and the mandrel.

The dielectric strength test is conducted at room temperature after removal from the oven.

Table K.2 — Oven temperature

THerfnal class 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

suit

able 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
edition (2008) of that standard.

The samples shall be subjected to the dielectric strength test of 18.3, with a minimum test

volt

The mandrel diameter and tension applied to the wire during winding on the mandrel are a

Cla

K.3 Testing during manufacturing

K.3

Theg wire shall be subjected by the wire manufacturer to dielectric strength tests du
manufacture as specified in K.3.2 and K.3.3.

K.3

The| test voltage for routine test shall be in accordance with the dielectric strength test of 18.
with a minimum of:

K.3
K.3

Twi
volt

K.3

The

age of:

5KV RMSforreimforcedimrsutation, or

P, 75 kV RMS for basic insulation or supplementary insulation.

Ise K.2.3.

1 General

2 Routine test

1.2 kV RMS for reinforced insulation, or
P, 1 kV RMS for basic insulation or supplementary insulation.

3 Sampling test
3.1 Solid circular winding wires and stranded winding wires
sted pair samples shall be tested in accordance with 4.4.1 of IEC 60851-5:2008. The

nge shall be in accordance with the dielectric strength test of 18.3, with a minimum of:

b kV RMS for reinforced insulation, or
3 kV RMS fofbasic insulation or supplementary insulation.

3.2 Square or rectangular wire

S in

ring

test

test sample is prepared according to 4.7.1 of IEC 60851-5:2008. The sample is then
subjected to the dielectric strength test of 18.3. The test voltage shall be in accordance with

the

diel

ecltric strength test or 1o.3, wWith a minimum Of1.

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

properties and the reliability of the transformer, and shall be made by the manufacture‘ on
each transformer after production. The inspection is to check that the following is ascértained
on 100 % of the products by the manufacturer production system.

These tests should be carried out at the temperature of the production line.

Further tests may have to be made to ensure that every transformeris conform with|the
spefimens that withstood the tests of this document, depending on thé-experience gained by
the manufacturer.

The routine tests shall in principle be carried out at the end of the production. However they
may be carried out at an earlier stage if it can be shown that(the procedure provides the same
degree of safety.

L.2| Protective earthing continuity test

For|class | transformers, a current of at least'10 A, derived from a source with a no-load

volt

of accessible conductive parts which have'to be earthed for safety reasons.

Dur
occ
con

L.3

The
mal
by t

L.4

hge not exceeding 12 V, is passed in turn.between the protective earthing terminal and €

Ur between the protective earthing terminal and the relevant accessible metal
Huctive parts.

Checking of no-load output voltage

no-load outpat,voltage shall comply with the declared value and tolerance stated by
ufacturer and\shall in addition not exceed the maximum no-load output voltage requ
he relevant-part of IEC 61558-2.

Dielectric strength test

ach

ng this test, no interruption of the,connections or substantial decrease of the current ghall

part

the
ired

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)

live parts of the input circuits and accessible conductive parts of the transformer;

input circuits and output circuits.

No 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.6| Visual inspection

Visdal inspection shall ensure that all required and relevant markings are providéd.

L.7| Repetition test after routine dielectric strength test

Any| repetitions test for the dielectric strength test shall be 80 % actording to Table 14 of|the
reqliired test voltage value.
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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*T 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 L. -
or at least four layers of serrated tape B basic inSulation

supplementary

1 A tube of a specified thickness for supplementary insulation or at least s :
insulation

three layers of tape (see Clause 26).

2 Formed part of thickness as specified for supplementary insulation in R, (4einforced insulationfor
Clause 26 double insulation

3 | Last turn of winding prevented from being displaced. For examplg, input or first winding

adhesive bonding tape or a bonding agent. o) output or second winding

M.2 Coil-former

M.2[1 Concentric type

Tubular One single More than one Coil-former with
coil-former coil-former coil-former distance piece
i —] =h
Bizzl = [FA b
N | ® 7] |
X B | I
(0] -
R |1
N N e
1 SIS
N X Y
z) SRR
- % ' 0 0 S(
N
N AN Zb|| N4
Insulation insert
Distance piece
IEC IEC IEC (e.g.fourpegs) 4.
Class I (Il) Class I (Il) Class I/ll Class I (Il)

Figure M.1 — Examples for concentric type constructions


https://iecnorm.com/api/?name=4866ceb7d6556bcfc276962cbfc2aaa4

- 154 — IEC 61558-2-7:2023 EXV © IEC 2023

M.2.2 Side-by-side type

Tubular
coil-former

One single More than one
coil-former coil-former

— g —
(R)
Bl | | I
Insulation insert
CR k/l ¢R 3| CR ;l CR
i ! ( ,:
(R
Pll. o 0 o)
Lt | ~—1 [
IEC IEC IEC
Class I (Il) Class I/ll Class I/ll

Figure M.2 — Examples for side-by-side type constructions

M.3 Windings

M.31 Without screen

CR CR i CR
2 iy
A ] / X
5 ==
O | (R) I R)
A R s
/é~/_\/“ ffz
Adhesive bending Z4 T — |[T— | & ~
tape (no CL)
S 5 \g o} CR
S R* B
% B o} § %L /»@3‘000 @ooo/l/?
n — Inserted W ﬂ
s iz %c insulation - B
Class I (Il) Class I (ll)

Figure M.3 — Examples for winding constructions without screen
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CR CR
y 7 Yy
T T
% 17
é o I /% o
;’//j} (5) 5 (R) % (5) 5 -(5)
b7 kd N T ? T TR i Inserted
% l j/ % N /’/k\; % insulation
?///f— //2 o CR

i

Input and output winding wrapped
with insulating material (no CR)

N
X

Input or output winding wrapped
with insulating material
IEC

Class | (1) Class I (1)
Figure M.4 — Examples for wrapped winding-constructions

M.3l2 With screen

IEC

y o
— 1 i mo
0 g |\\\\ i o . 4
== f’ i
/ o / . F
7 e o | .
% <§_| i é — <§> 'EJ E’ é =1 S //
o l=h &N
% %//% % ﬁ / % /:_ % //é Adhesive tape
Eart_hing Ec Ear;ing
Class | Class |

Screen

Figure M.5 — Examples for winding constructions with screen

NOTE For class Il constructions the abbreviations are given in brackets.

EC
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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)

basic insulation
%
basic insulation (for the level of the applied voltage to the output winding)

supplementary insulation

double or reinforced insulation

@ (0@ @ @

(s)

=/

Screen

Output 1

[]

IEC

a)-’ Transformer of class | construction b) Transformer of class | construction
with earthed metal screen

Figure N.1 — Transformer of class | construction with metal enclosure
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Input 2 Output 2 Input 2 Output 2
Core Core
IEC TEC
a) Core connected to the body b) Core not connected to the body

Figure N.2 — Transformer of class Il construction with metal enclosure

Metal foil

S

Input 2 Output 2

Core

[

IEC

Figure N.3 — Transformer of class Il construction with enclosure of insulating material
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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)

basic insulation
%
basic insulation (for the level of the applied voltage to the output winding)

supplementary insulation

double or reinforced insulation

©© (0 ® @ ®

between terminals for the connections (see Table 23)

Input 1 Output.1 Input 1 Output 1
Input 2 Output 2 Input 2 Output 2
— IEC e EC
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 o e

Output 1

Output 2

Input 2 e

- IEC@

Input 1 Output 1 nput 1 Outpuf 1
Inppt 2 Output2  Input 2 Output 2
IEC IEC
a)\_Core connected to the body b) Core not connected to the body

Figure P.3 — Transformer of class Il construction with metal enclosure
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Fi

Metal foil
D ( S) D

Input 1 [ 4 Output 1

Kl é

7 7

® .

% o
Input 2 e Output 2

’ Core
[]
IEC

pure P.4 — Transformer of class Il construction withienclosure of insulating mater

al
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Annex Q
(informative)

Explanation of IP numbers for degrees of protection

General

full details see IEC 60529 from which the following is an extract.

023

The
follg
con
indi
the

An
acc

IEC

Q.2

The

a)

b)

designation indicating the degrees of protection consists of the characteristics letter
wed by two numerals (the "characteristic numerals") indicating conformity ,with
ditions stated in Table Q.1, Table Q.2 and Table Q.3 respectively. The first_num
cates the degree of protection described under item Q.2 a) and b) and the second num
degree of protection described under item Q.3.

additional letter (optional) may be used to indicate the degree of protection against
bss to hazardous parts more detailed (see IEC 60529:1989, Clausel/7).

supplementary letter (optional) may be used for supplementary information
60529:1989, Clause 8).

foreign objects

type of protection covered by this system of.classification is as follows:

protection of persons against contacts with, or approach to, live parts and against con

protection of the equipment against’ingress of solid foreign objects.

with moving parts (other than smooth roetating shafts and the like) inside the enclosure];

IP
the
eral
eral

o

the

Ssee

Degrees of protection against access to hazardous parts and against sqglid

tact
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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 @, 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 o, 80 mm
with a finger length, shall have adeguate clearance 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 1,0 mm @ shall not
with a wire penetrate.
5 Protected against access to hazardous parts The access probéef1,0 mm & shall not
with a wire penetrate.
6 Protected against access to hazardous parts The access‘forobe of 1,0 mm & shall not
with a wire penetrate.
Dug to the simultaneous requirement specified in Table Q.2, the definition “shall not penetrate” is given in
Tabhle Q.2
NOTE In case of the first characteristic numerals 3,4,5 and 6, protection against access to hazardous-live-parts
is sptisfied 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-protectéd -

1 Protectedvagainst solid foreign objects of 50 The object probe, sphere of 50 mm J, shal

mm/@'and greater not fully penetrate ")
2 Rrotected against solid foreign objects of 12,5 | The object probe, sphere of 12,5 mm @&, shhll
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 9, shall not
mm J and greater penetrate at all. "/

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

1)

The full diameter of the object probe shall not pass through an opening of the enclosure.
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Q.3 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 harmffl
effects
2 Protected against vertically falling water drops | Vertically falling drops shall have no\Warmfl
when enclosure tilted up to 15° effects when the enclosure is tilted at any
angle up to 15° on either side ofithe verticgl
3 Protected against spraying water Water sprayed at an angle'up to 60° on either
side of the vertical shall have no harmful
effects
4 Protected against splashing water Water splashed, against the enclosure from
any direction shall have no harmful effects
5 Protected against water jets Water projected in jets against the enclosyre
from apy.direction shall have no harmful
effects
6 Protected against powerful water jets Water projected in powerful jets against thg

enclosure from any direction shall have nd
harmful effects

7 Protected against the effects of temporary Ingress of water in quantities causing harmfful
immersion in water effects shall not be possible when the
enclosure is temporarily immersed in watefr
under standardized conditions of pressure gnd

time
8 Protected against the effects;of continuous Ingress of water in quantities causing harmfful
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 an
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

R.2 Example

Working voltage: 300V (r.m.s.) OVC Il
= |according to Table F.1: 4 000 V (rated impulse_voitage)

U

= |according to Table F.5 (6 000 V) = 7,385kV (impulse test voltage at sea level)

wave-form: 1,2 / 50 us
three impulses of each polarity

nterval between impulses at least 1 s
mpulse voltage according to Table F.5 of IEC 60664-1:2007

rated impulse voltage according to working voltage and overvoltage category,of Table
bf IEC 60664-1:2007

for double or reinforced insulation the next higher value according to 412:3 of IEC 606
1:2007 is to be used (see 5.1.6 of IEC 60664-1:2007). With this value thg applicable imp
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 ofVIEC 60664-1:2007 car
found in Table R.1.

double insulation = 6 000 V (next higher value according to 4.2.3 rated impulse volta

Table R.1 — Impulse test voltage‘according to 6.1.2.2.1 of IEC 60664-1:2007

F.1

64-
ilse

be

ge)

Overvoltage Overvoltage Overvoltage Overvoltage
category IV category lll category Il category |
Wqrking D<_)ub|e or Basic D<_>ub|e or Basic D<_>ub|e or Basic Dc_)uble or Basi
reinforced | . . reinforced | . X reinforced | . X reinforced | . N
voitage | . X insulation | . X insulation | . X insulation | . X insulation
insulation insulation insulation insulation
\ AC V AC V[*AC V AC V AC V AC V AC V AC V A(
50 2920 1751 1751 934 934 541 541 357
00 4 923 2920 2920 1751 1751 934 934 541
50 7.385 4923 4923 2920 2920 1751 1751 934
B00 9 847 7 385 7 385 4923 4923 2920 2920 175
500 14 770 9 847 9 847 7 385 7 385 4923 4923 292p
1000 n.a. 14 770 14 770 93847 9847 [ 385 [ 385 4 923

Values of test voltage for intermediate values of working voltage are found by interpolation
between tabulated values.

Example:

AC 230V 8 698 V 6 236 V 6 236 V 3989V 3989V 2375V 2375V 1370

\Y

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 Ill 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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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
user on the way to proceed for resetting the transformer after operation of the thermal cut-out.

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 jand
assjociated transformers.

Figdre 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 temperaturés
V.2 Non-self-resetting thermal cut-out (see 3.3.4)

T

| o
IEC

Figure V.1 — Restored by manual operation

I
X o

IEC

Figure V.2 — Restored by disconnection of the supply

0

IEC

\L

[ LY Tla H L YT, W A
rigurc v.o = IIIUIIIIaI Il“k ‘SUU J.J.J)

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 modifications described in W.2 to W.5.

W.2 General

The requirements of 5.1 of IEC 60664-3:2016 apply, but when production sanmiples are used,
thrge samples of the printed circuit board are tested.

W.3 Cold

Thel 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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Index of defined terms

accessible part 3.2.5 output circuit 3.4.2
all pole disconnection 3.3.1 output winding 3.4.4
associated transformer 3.1.6 overload relay 3.3.6
auto-transformer 3.1.5 overvoltage category 3.5.11
basic insulation 3.7.1 overvoltage category | 3.5.11.1
body 3.2.4 overvoltage category Il 3.5.11.2
class | transformer 3.7.5 overvoltage category lll 3.5.11.3
class Il transformer 3.7.6 overvoltage category IV 3.5.11.4
class Ill transformer 3.7.7 PELV-circuit (protective extra low 3.7.18
clearance (CL) 3.7.8 voltage)

congetive—part 32+ poliution 3,7.10
connecting leads 3.2.3 pollution degree 1 (P1) 3]7.12.1
conftinuous duty 3.3.10.1 pollution degree 2 (P2) 3{7.12.2
crebpage distance (CR) 3.7.9 pollution degree 3 (P3) 317.12.3
degree of pollution 3.7.12 portable transformer 3{1.12
detichable part 3.2.6 power supply cord 3]2.2
doyble insulation 3.7.3 power supply unit 3]1.19
dryltype transformer 3.1.18 power supply unit for toys 3{1.102
duty type 3.3.10 protective earthing conductor 3]3.11
elegtrical separation 3.2.15 protective earthing camductor current | 3(8.2
elegtronic circuit 3.2.13 protective screening 3|7.14
ele¢tronic component 3.2.12 protective sepatation 3|7.13
ELY (extra-low voltage) 3.7.15 rated ambient temperature ta 3]5.8
endlosure 3.2.9 rated frequency 315.3
extg¢rnal flexible cable or cord 3.2.1 rated,minimum ambient temperature 315.9
extfuded winding wire (TIW) 3.4.9 famin

fail{safe transformer 3.1.11 rated*minimum temperature ¢min 3]5.10
FEWV-circuit (functional extra low voltage) 3.7.19 rated output 3[5.7
fixeld transformer 3.1.14 rated output current 3[5.4
flugh-type transformer 3.1.13 rated output voltage 3]5.5
fully insulated winding wire (FIW) 3.4.6 rated power factor 3/5.6
funftional insulation 3.7.1.1 rated supply frequency 3]5.3.1
grafle of FIW 3.4.7 rated supply voltage 3]5.1
harld-held transformer 3.1.16 rated supply voltage range 315.2
hadardous-live-part 3.7%21 reactor 311.21
incgrporated transformer 3:1.6.1 reinforced insulation 317.4
indépendent transformer 317 safety isolating transformer 3]1.3
inhérently short-circuit proof transformer 3.1.9.2 self-resetting thermal cut-out 313.3
inp{it circuit 341 SELV (safety extra low voltage) 3{7.16
inplit winding 3.4.3 SELV-circuit 3|7.17
inslilated winding wire 3.4.8 separating transformer 3{1.4
intdntional weak part 33.7 short-circuit proof transformer 3{1.9
intdrmediate conductive part 3.2.10 short-circuit voltage 313.9
intdrmittent duty cycle 3.3.10.3 short-time duty cycle 313.10.2
intdrnal operational frequency 3.5.3.2 stationary transformer 311.15
intdrnal circuit 345 supplementary insulation 3{7.2
isollating transformer 3.1.2 switch mode power supply unit 3]1.20
live| part 3.7.20 thermal cut-out 3]3.2
micfo-environment 3.7.11 thermal-link 313.5
no-{oad input 3.6.1 tool 3|2.8
no-load putput voltage 3.6.2 touch current 318.1
norl-detachable part 3.2.7 transformer _ 3{1.1
nor-inherently short-circuit proof 3.1.9.1 transformer for specific use 3{1.6.2
transformer transformerforteys 311.101
non-inherently short-circuit proof 3.1.9.1.2 Type X attachment 3.2.1
transformer with non-resettable, self- Type Y attachment 3.2.1
resetting or replaceable protective device Type Z attachment 3.2.1
non-inherently short-circuit proof 3.1.9.1.1 working voltage 3.3.8
transformer 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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