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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF POWER TRANSFORMERS, POWER SUPPLY UNITS
AND SIMILAR —

Part 1: General requirements and tests

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organizatig

for Standardization (ISO) in accordance Wlth conditiong
organizations.

2) The formal decisions or agreements of the IEC on fec

3) The documents produced have the form of recamm i i tiohal use and are published in the form
of standards, technical reports or guides and \CCe by the National Committees in that sense.

4) In order to promote international unlflcau Nationmal Sommittees undertake to apply IEC International
Standards transparently to th yssible_ilvtheir national and regional standards. Any
divergence between the IK anda d_t gponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no m approval and cannot be rendered responsible for any

equipment declared to be standards
6) Attention is draw ibi e elements of this International Standard may be the subject
of patent rights. The IEC a esponsible for identifying any or all such patent rights.

International as been prepared by IEC technical committee 96: Small
power transfdrme power supply units and special transformers, reactors and
power supgl ~sar quirements

It has the sta growp safety publication in accordance with IEC Guide 104: Guide for the
drafting of safety ards, and the role of Committees with safety pilot functions and safety

group funegtions (1984).

This (consolidated version of IEC 61558-1 is based on the first edition (1997) [documents
96/4+%/FDIS and 96/70/RVD] and its amendment 1 (1998) [documents 96/106/FDIS and
96/109/RVD].

It bears the edition number 1.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.
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This part 1 is to be used in conjunction with the appropriate part 2, which contains clauses to
supplement or modify the corresponding clauses of part 1, in order to provide the relevant
requirements for each type of product.

This part 1 replaces Chapter | of IEC 60742 and IEC 60989.

However, individual countries may wish to consider its application, so far as is reasonable, to
transformers not mentioned-in pnrf 2, and-to transformers rlncignnd an-new Inrinr\i:nlnc

If the functions of a transformer are covered by different parts 2 of IEC 61558, the relevant
part 2 is applied to each function separately, so far as is reasonable. If applicable; the
influence of the function on the other is taken into account.

Annexes A, B, C, D, E, F, G, H, J, and K form an integral part of this sta

Annexes L, M, N, P, Q, R, S, T, U and V are for information only.

In this standard, the following print types are used:

— requirements proper: in roman type;

— test specifications: in italic type,

— explanatory matter: in smaller roman type
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INTRODUCTION

In general, this International Standard covers safety requirements for transformers.

When elaborating this standard, the requirements of IEC 60364 were taken into account as far
as possible, so that a transformer may be installed in accordance with these wiring rules.
However, national wiring rules may differ.

This standard recognizes the internationally accepted level of protection against hazards such
as electrical, mechanical and fire of transformers when operated as in normal use, taking into
account the manufacturer's instructions. It also covers abnormal situations which can be
expected in practice.

— CISPR 11 and CISPR 14 concerning radio
— |EC 61000-3-2 and IEC 61000-3-
The object of part 1 of |

considered to be generally
up as required by the

e clauses of part 1, specify the extent to which that
hich the tests are to be performed; they also include
. Each part 2 is self-contained and therefore does not

applicable”, this phrase is to be interpreted as meaning that all
requirements (ofNthat ¢lause of part 1 apply, except any which are clearly inapplicable to the
particular type of trarsformer covered by that part 2.

Eachpart 2 of IEC 61558 (containing requirements for a particular type of transformer) is
published separately for ease of revision, and additional parts 2 will be added as and when a
need for them is recognized.
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SAFETY OF POWER TRANSFORMERS, POWER SUPPLY UNITS
AND SIMILAR —

Part 1: General requirements and tests

1 Scope

1.1 This International Standard deals with all aspects of safety (su ical, thermal

and mechanical) of:

a) Stationary or portable, single-phase or polyphase,
isolating and safety isolating transformers , associated \ or othgrwi g a rated
supply voltage not exceeding 1 000 V a.c. and rated frg g ediig 1 MHz, the
rated output not exceeding the following values.

NOTE 1 — For higher frequencies, this standard may be used 2 apcexdecument.

For isolating transformers

— 25 kVA for single-phase transfo
— 40 kVA for polyphase transformers.

For safety isolating transformer

e national wiring rules or for special purposes.

ers 50V a.c. r.m.s. and/or 120 V ripple free d.c. between

NOTE 3 ating\ and safety isolating transformer s are used where double or reinforced insulation
TN by the installation rules or by the appliance specification (for example toys, bells,

Rated values for each type of transformer are indicated in the relevant part 2.

b).Stationary or portable, single-phase or polyphase, air-cooled (natural or forced)
separating transformers , auto-transformers, variable transformers and small reactors,
associated or not, having a rated supply voltage not exceeding 1 000 V a.c., a rated

fraaguanevy _naot avecaodina 1 MEZz o ratad na load ar load Aantnnt voltann nat aveaondina 16 1\ /
Hegue ey —rot+exececam g5t e oo O 1O ottt p Uty Ot g e-HoTExee e o g—=o1Y

a.c. or d.c., and for independent transformers not less than 50 V a.c. and/or 120 V ripple
free d.c. and a rated output not exceeding the following values:
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— 1 kVA for single-phase transformers;
— 2 kVAR for single-phase reactors;

— 5 kVA for polyphase transformers;

— 10 kVAR for polyphase reactors;

unless otherwise specified in the relevant part 2.

NOTE I — Separatng wansformer s are used where double or remtorced msutation . between circuis 15 not
required by the installation rules or by the appliance specification.

NOTE 2 — The technological development of transformers might imply a need to increase the higher limit of"the
rated frequency .

NOTE 3 — Normally, the transformers are intended to be associated with equipment to ppevide voltages different
from the supply voltage for the functional requirement of the equipment. The safety inqulation\mnay jhe-provided
(or completed) by other features of the equipment, such as the body . Parts of output ci connected to
the input circuit or to protective earth.

c) Power supply units incorporating a transformer of types a) or b

NOTE 2 — Examples of power supply units are transformers, battery
self-contained. In the latter case they can even be provided with j
fixed socket-outlets.

1.2 This standard is applicable
encapsulated or non-encapsulated.

NOTE 1 - For transformers filled with liquid dielgetti
consideration.

ssociated with specific items of equipment, to
the extent decided upon bythe xg & technidal'committees.

This standard does$ pothapy eircuits and their components connected to terminals
or socket-outlets ¢

— in locations whexe/special environmental conditions prevail, particular requirements may be necessary in
accordange with IEC 60364-5-51.
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2 Normative references

The following normative documents contain provision which, through reference in this text,
constitute provisions of this part of IEC 61558. At the time of publication, the editions indicated
were valid. All normative documents are subject to revision, and parties to agreement based on
this part of IEC 61558 are encouraged to investigate the possibility of applying the most recent
editions of the normative documents indicated below. Members of IEC and ISO maintain
reqgisters of currently valid International Standards

IEC 60050(421):1990, International Electrotechnical Vocabulary (IEV) — Chapter 421: Powet
transformers and reactors

IEC 60051, Direct acting indicating analogue electrical measuring ing ents ,and their

accessories

IEC 60065:1985, Safety requirements for mains operated electroni¢ an edhapparatus for
household and similar general use

(sinusoidal)

IEC 60068-2-32:1975, Environmental testing — Pa

IEC 60112:1979, Methq
insulating materi 2

IEC 60127, Miniaturé

IEC 60269-2:1986, L'ow voltage fuses — Part 2: Supplementary requirements for fuses for use
by autharized persons (fuses mainly for industrial application)

IEC60269-2-1:1987, Low voltage fuses — Part 2: Supplementary requirements for fuses for use
by authorized persons (fuses mainly for industrial application) — Sections | to Il
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IEC 60269-3:1987, Low voltage fuses — Part 3: Supplementary requirements for fuses for use
by unskilled persons (fuses mainly for household and similar applications)

IEC 60269-3-1:1994, Low voltage fuses — Part 3: Supplementary requirements for fuses for use
by unskilled persons (fuses mainly for household and similar applications) — Sections | to IV

IEC 60309, Plugs, socket-outlets and couplers for industrial purposes
- 60317-S fioati : - ¢ wingi .
IEC 60320, Appliance couplers for household and similar general purposes

IEC 60364-4-41:1992, Electrical installations of buildings — Part 4: Protection for safety —
Chapter 41: Protection against electrical shock

IEC 60364-5-51:1994, Electrical installations of buildings — Part 5:
electrical equipment — Chapter 51: Common rules

the supply mains

IEC 60417:1973, Graphical symbols for use on equip
single sheets

IEC 60449:1973, Voltage bands for eleg

IEC 60529:1989, Degrees of protection provide

’ d )
IEC 60536:1976, Classifieation of elestri a

against electric shock

protection agai

IEC 60536-2:199?, a saki af electxical and electronic equipment with regard to
electric shock

IEC 60664-1:199

IEC 60695-2-1/0:1994, Fire hazard testing — Part 2: Test methods — Section 1/sheet 0: Glow-
wire test methods — General

IEC-60695-2-1/1:1994, Fire hazard testing — Part 2: Test methods — Section 1/sheet 1: Glow-
Wire end-product test and guidance

anZ0=2.4

HEC—60707-198—Method—oftest—for—thre—feterminatiomof—the—ffammabitity—of—sotid—etectricat
insulating materials when exposed to an igniting source

IEC 60730-1:1993, Automatic electrical controls for household and similar use — Part 1:
General requirements
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IEC 60738-1:1982, Directly heated positive step-function temperature coefficient thermistors —
Part 1: Generic specification

IEC 60851, Methods of test for windings wires

IEC 60884-1:1994, Plugs and socket-outlets for household and similar purposes — Part 1:
General requirements

IEC 60898:1995, Electrical accessories — Circuit-breakers for overcurrent protection \for

household and similar installations

IEC 60947-7-1:1989, Low-voltage switchgear and controlg
Section 1: Terminal blocks for copper conductors

IEC 60990:1990, Methods of measurement of touch-

IEC 60998-2-2:1991,
purposes — Part 2-2:

screwless-type claxapin
IEC 60999-1:1992?

type clamping unj

Limitation of voltage fuctuation and flicker in low-voltage power supply systems for equipment
with rated.current <16 A

IEC.61032:1990, Test probes to verify protection by enclosures

IE€ 61058-1:1990, Switches for appliances — Part 1: General requirements

IEC 61140:1992, Protection against electric shock. Common aspects for installations and
equipment

ISO 3:1973, Preferred numbers — Series of preferred numbers
ISO 4046: 1978, Paper, board, pulp and related terms — Vocabulary

ISO 8820, Road vehicles — Blade type fuse-links
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3 Definitions
Further definitions of transformers intended for particular use are indicated in the relevant parts 2.

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

WRhen the terms voltage and current are used, they imply, Tor alternating voliages and currents,
the r.m.s. values, unless otherwise specified; for direct voltages and currents, they imply the
arithmetic mean value, unless otherwise specified.

For the purpose of this International Standard, the following definitions app}y

3.1 Transformers

3.1.1 (power) transformer : A static piece of apparatus with t ihich, by
electromagnetic induction, transforms a system of alternating jnto another
system of voltage and current usually of different values a ame, fregdency for the
purpose of transmitting electrical power. [IEV 421-01-01]

NOTE - Toroidal transformers are included in that definition.

3.1.2 isolating transformer : A transformer wij separation between the input
and output windings 6

3.1.3 safety isolating transformer designed to supply SELV
(safety extra-low voltage) or PELV (profecti i Itage) circuits.

3.1.5 flush-typ ormer designed to be mounted in a flush-type
mounting box.

3.1.6 associated tre ansformer designed to supply specific appliances or
equipment or part er incorporated in or not incorporated in, but specially
designed to Ke use .{ Wi & specific appliance(s) or equipment.

3.1.7 incQrporaf
into a specifiscapplianc
electric shoek;

. An associated transformer which is designed to be built
or equipment, the enclosure of which provides protection against

3.1.8 {kansformer for specific use : An associated transformer  which, without being
incorporated in an appliance or equipment, is fixed to or delivered with the appliance or
egquipment.

oY

exceed the specified limits when the transformer is overloaded or short-circuited, and which
continues to meet all requirements of this standard after the removal of the overload or short-
circuit.

21 Q c\hnv‘f r\lrr\nuf nrnr\f fr')nofnrmnr A franofnrmar |n \uhlr\h fha temperatitre does—not
Pt HerattHe—aees—hot
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3.1.9.1 non-inherently short-circuit proof transformer . A short-circuit proof transformer
equipped with a protective device which opens the input circuit or the output circuit , or
reduces the current in the input circuit orthe output circuit when the transformer is
overloaded or short-circuited, and which continues to meet all requirements of this standard
after the removal of the overload or short circuit and resetting or replacing of the protective
device.

NOTE 1 - Examples of protective deV|ces are fuses, overload releases thermal fuses, thermal links, thermal cut-

NOTE 2 — In case of protection by a device which cannot be replaced nor reset, the wording "continue to meet all
requirements of this standard after removal of the overload" does not imply that the transformer continues- to
operate.

tfransformer not
N the case of

3.1.9.2 inherently short-circuit proof transformer : A short-circuit prog
equipped with a device to protect the transformer and in which the temperature

overload or short circuit.

3.1.10 non-short-circuit proof transformer

3.1.11 fail-safe transformer : A trans
function by an interruption of the in
surroundings.

3.1.12 portable transformer E|ther a tr
transformer which can easSi

supply.

though_it cannot be @J
3.1.13 hand-held"t

during normal use

3.1.14 ansformer which is intended to be used while fastened to a
support or otherwise a specific situation.

3.1.15 i K ofmer : Either a fixed transformer or a transformer having a mass
exceeding 18(Kg ot provided with one or more carrying handle(s)

3.1.16 ~‘ordinary transformer : An enclosed transformer without special protection against
dust and moisture, but complying with verification by the standard test finger.

31.17 independent transformer : A transformer designed to supply unspecified appliances
and which can be used without any additional enclosure . Such a transformer provides all

necessary protection according to its marking.

NOTE - Such transformer can be either of the portable or stationary type.

3.1.18 dry-type transformer : A transformer of which the core and windings are not
immersed in an insulating liquid.
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3.1.19 power supply unit : An apparatus which takes power from the mains and from which
one or more other apparatuses are fed.

NOTE — Power supply units may incorporate components for transforming, rectifying, converting, frequency
inverting or combination thereof.

3.2 General terms

3.2.1 external flexible cable or cord : A flexible cable or cord for external connection to the

input or output circuit , fixed to or assembled with the transformer according to one of the
following methods of attachment:

— type X attachment , a method of attachment so that the flexible cable or cord ,can be
replaced easily;

NOTE 1 — The supply cord may be especially prepared and only available from the At
agent.

or his service

NOTE 2 — A specially prepared cord may also include a part of the transformer.

NOTE 3 — The type X attachment includes both types X and M according 16

cords.

— type Z attachment , a method of attachme
replaced without breaking or destroyi

3.2.2 power supply cord : An externs
supply purposes.

NOTE - Power supply cords are;

3.2.3 connectir{? S
NOTE — Connecting legds” s

metal parts,
metal foil

, grips and the like, accessible metal fixing screws and
surfaces of insulating material; it does not include non-

3.2.5 accessi art M his term is used in this standard as a general term; it includes all
parts which~may pouched with the standard test finger after correct installation of the
transformer.

3.2.6( )detachable part : A part which can be removed without the aid of a tool .

3,2.7 non-detachable part : A part which can be removed only with the aid of a tool .

3.2.8 tool: A screwdriver, a coin, or any other object which may be used to operate a screw
or similar fixing means.

3.2.9 enclosure : A part providing protection of the transformer against certain external
influences and, in any direction, protection against direct contacts (see 3.1 of IEC 60529).

NOTE - Examples of external influences are mechanical impacts, corrosion, fungus, vermin, solar radiation, icing
and moisture.
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3.3 Operations and protections

3.3.1 all pole disconnection : Disconnection of all supply conductors by a single switching
action.

NOTE 1 — A protective conductor is not considered to be a supply conductor.
NOTE 2 — A neutral conductor is considered to be a supply conductor.

NOTE 3 — National wiring rules may or may not require the disconnection of the neutral conductor.

3.3.2 thermal cut-out : A temperature sensitive device which limits the temperature of &
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.

3.3.3 self-resetting thermal cut-out : A thermal cut-out which a omat'c restores the

current after the relevant part of the transformer has cooled down g
been removed.

3.3.4 non-self-resetting thermal cut-out

3.3.5 thermal-link : Thermal cut-out
complete replacement.

3.3.6 overload release : A current-operated

ig ..e of the a.c. or d.c. voltage which may occur

(locally) across any ingulation af rated supply voltsy transients being disregarded, in no-load

NOTE 1 — When cQ i C bettveen windings not intended to be connected together, the
working voltage is Cq 6 i oltage occurring on any of these windings.

NOTE 2 — Attention is dfkawn t orking voltage to earth of the input may be different from the
apparent value on sipglespk S s with o neutral line, and on three-phase systems with no-earthed neutral
when star connected délta cormnection is used. The output voltage of a transformer may be artificially

3.3.8 shOxt-circui ~The voltage to be applied to the input winding , when the
windings~are “a i emperature, to produce in the short-circuited output winding a

oltage is usually expressed as a percentage of the rated supply voltage
3.3.9_<eontinuous operation : Operation for an unlimited period.

3.3;10 short-time operation: Operation for a specified period, starting from cold, the intervals
between each perrod of operatron being sufficient to allow the appliance to cool down to

appl UAIIIIC[LCI_y ClIIIUICI IL LCIII[JCI alul C.

3.3.11 intermittent operation : Operation in a series of specified identical cycles.
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3.4 Circuits and windings

3.4.1 input circuit : The circuit intended to be connected to the supply.

3.4.2 output circuit : A circuit to which the distribution circuit, appliance or other equipment is
to be connected.

343 mput windina - A windina of the innut citcuit
Lig g ) g

3.4.4 output winding : A winding of the output circuit

3.5 Ratings

-to-phase

3.5.1 rated supply voltage : The supply voltage (for polyphase supgly,
i qnditions

voltage) assigned to the transformer by the manufacturer for the spe
of the transformer.

3.5.2 rated supply voltage range : The supply voltage ranpg ;) ansformer by
the manufacturer, expressed by its lower and upper limits.

3.5.3 rated frequency : The frequency assigned tg the c pthe manufacturer for
the specified operating conditions of the transformey.

3.5.4 rated output current

3.5.5 rated output voltage
voltage) at rated suppl
factor , assigned to the

of the transformer
3.5.6 rated powel: a

3.5.7 rated¢output\; et of the rated output voltage and the rated output current
or, for po a Jn times the product of the rated output voltage and the
rated o Y n being the number of phases. If the transformer has more than one

éd output winding , the rated output denotes the maximum sum of
gutput voltage and rated output current for such circuits that may be
loaded simuitaneous

3.5.8rated ambient temperature t;: The maximum temperature at which the transformer
may-be operated continuously under normal conditions of use.

NOTE — The value of the rated ambient temperature (t,) does not preclude temporary operation of the transformer

al-a-temperature-notexceeding(t-+.10) . °C
g g 7

3.6 No-load values

3.6.1 no-load input : The input of the transformer when connected to rated supply voltage
at rated frequency , with no load on the output.
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3.6.2 no-load output voltage : The output voltage when the transformer is connected to
rated supply voltage at rated frequency , with no load on the output.

3.7 Insulation

3.7.1 basic insulation : The insulation applied to hazardous live parts to provide basic
protection against electric shock (see 2.1 of IEC 60536).

NOTE — Basic insulation does not necessarily include insulation used exclusively for functional purposes, for
example wire enamel.

3.7.2 supplementary insulation : An independent insulation applied in addition to basic
insulation in order to provide protection against electric shock in the event of failureDof the
basic insulation (see 2.2 of IEC 60536).

3.7.3 double insulation : Insulation comprising both basic insulati ~ expentary
insulation (see 2.3 of IEC 60536).

3.7.4 reinforced insulation : A single insulation system N live parts |,
which provides a degree of protection against electric shés L ] double insulation
(see 2.4 of IEC 60536).

afety precaution in such a way
that means, such as an earthing terptinal, K ded for the connection of accessible
conductive parts to the protective earthing i e fixed wiring of the installation, so

that accessible conductive/x S il the event of a failure of the basic
insulation
NOTE - Class | transformeis einforced insulation.

3.7.6 class Il t@: i which protection against electric shock does not
rely on basic instHaion ich additional safety precautions such as double
insulation or reipf

earthing or relian

requirem
NOTE 2 — In Te y be necessary to distinguish between "all insulated" and "metal encased" class Il
transformers .

NOTE 3 — A transfor aving a durable and substantially continuous enclosure of insulating material which
envelops all'\metal parts, with the exception of small metal parts, such as nameplates, screws and rivets, which are
isolated/ffom hazardous live parts by insulation at least equivalent to reinforced insulation , is called an all
insulatedclass Il transformer .

NOTE"4 — A transformer having a substantially continuous metal enclosure , in which double insulation is used
throughout, except for those parts where reinforced insulation is used because the application of double
inSulation is manifestly impracticable, is called a metal encased class Il transformer .

NOTE 5 — If a transformer with double insulation and/or reinforced insulation throughout has an earthing
terminal, it is deemed to be of class | construction.



https://iecnorm.com/api/?name=8620c574fb7c854999b5619ae855882f

61558-1 © IEC:1997+A.1:1998 - 35—

3.7.7 class lll transformer : A transformer in which protection against electric shock relies on
supply at SELV, and in which voltages higher than those of SELV are not generated.

NOTE - The classification I, Il or Il does not refer to the insulation system between input windings and output
windings .

3.7.8 clearance: The shortest distance in air between two conductive parts (see 1.3.2 of
IEC 60664-1).

NOTE - 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 2).

3.7.9 creepage distance : The shortest distance (through air) along the surfaceDof an
insulating material between two conductive parts (see 1.3.3 of IEC 60664-

NOTE - For the purpose of determining a creepage distance to accessible parts
insulating enclosure is to be considered conductive as if it were covered by a meta
by the standard test finger (see figure 2).

3.7.11 micro-environment : The immediate enviropgment of\thexinsulaton, which particularly

edepage distances the following degrees of
ylished.

(P2): Only nonconductive pollution occurs, except that

aving & 'reasonably tight enclosure are considered to have pollution degree 2 (P2),

3.7.12.3 «pollution degree 3 (P3): Conductive pollution occurs, or dry nonconductive
pollution ~occurs which becomes conductive due to the condensation which is to be expected.

3~+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 )

(see 2.9 of IEC 60536-2).

3.7.14 protective screening : Separation from hazardous live parts by means of an
interposed conductive screen, connected to the means of connection for an external protective
conductor (see 2.8 of IEC 60536-2).
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3.7.15 ELV (extra-low voltage): A voltage not exceeding the upper limit of voltage band 1
(see IEC 60449).

3.7.16 SELV: A voltage which does not exceed 50 V a.c. or 120 V ripple free d.c. between
conductors, or between any conductor and earth, in a circuit which is isolated from the supply
mains by such means as a safety isolating transformer

NOTE 1 - Maximum voltage lower than 50 V a.c. or 120 V ripple-free d.c. may be specified in particular

requirements, especially when direct contact with live parts 1s allowed.

NOTE 2 — The voltage limit should not be exceeded at any load between full load and no-load when the source is’a
safety isolating transformer

NOTE 3 - "Ripple-free" is conventionally an r.m.s. ripple voltage not more than 10 % of the d.c. componént; the
maximum peak value does not exceed 140 V for a nominal 120 V ripple-free d.c. system and. 70 V for-a-nominal
60 V ripple-free d.c. system.

3.7.17 SELV-circuit : An ELV circuit with protective separation ‘ cuits, and
which has no provisions for earthing of the circuit nor of the exposed 8

3.7.18 PELV-circuit : An ELV circuit with protective separatj - er Aircuits and
which, for functional reasons, may be earthed and/or the 2d X i
may be earthed.

3.7.21 hazardous live

particular ‘transformer or group of transformers does not exist, the nearest applicable part 2
may beused as a guide to the requirements and tests. Where the design of a transformer is
such(that two or more parts 2 are applicable, the transformer shall comply with both or all of
thesappropriate parts 2.
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5 General notes on tests
5.1 Tests according to this standard are type tests.
NOTE - Recommendations for routine tests are given in annex L.

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 narts of transformers. provided that thev are of the same materials and desians
g L o 7 J

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.

Transformers intended to be used with non-detachable flexible cables or Cords are tested with
the flexible cable or cord connected to the transformer.

specimens are u@
NOTE 1 — For associated t
tested.

NOTE 2 — Additional

5.3 Tests are™¢
specified.

5.4 (Ifthe test results are not influenced by the temperature of the ambient air, the ambient
temperature is, in general, maintained at (20 + 5) °C. Otherwise and if, however, the
temperature attained by any part is limited by a temperature-sensitive device, or is influenced
by the temperature at which a change of state occurs, the ambient temperature is, in case of

doubt, maintained at (23 + 2) °C or ty + 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.
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5.5 For a.c., test voltages are of substantially sine wave form, and, if not otherwise specified,
have a frequency of 50 Hz or 60 Hz.

NOTE — Unless otherwise specified in a given part 2, the frequency of test voltage for a.c. with frequency above
1 kHz is under consideration.

5.6 Transformers designed for more than one rated supply voltage , for a rated supply
voltage range or for more than one rated frequency , are tested, unless otherwise specified in
this standard, at the supply voltage or frequency that imposes the most severe conditions for

the transformer in the test concerned.

5.7 As far as possible, measurements are made with instruments which do not appreciably
affect the values to be measured; if necessary, corrections for their influence_are made.

5.9 If class | transformers have accessible metal parts ] ected to a
protective earthing terminal or protective earthing conts BX) 1%
hazardous live parts by an intermediate metal part which s mectegkto amearthing terminal
or earthing contact, such parts are checked for compli ] fre ‘agpropriate requirements

5.10 A flush-type transformer is te
material. This box is placed in an en

standards are tested as #ansfQ e, their rating being considered as the
power consumption amsl_pow ' iance(s) or equipment for which they are
designed.

5.12 Associate;r i

a-conditions under which they are used in the appliance

or equipment shall Qe : ¢ with their marking. However, if they are used in an
appliance or equipxent fo\which artelevant appliance or equipment standard exists, they may
be tested u S present in the appliance or equipment for which they are
intended

which it is inteaded has to comply with the following clauses, subclauses or parts thereof, all
other clausées, subclauses or parts thereof being considered to be covered by the relevant
productstandard:

1-2-3-4-51-52-53-54-55-56-57-512-71-72-75-76-82-811-
1471 — 14.2, except for table 1 all requirements starting with the first: external enclosures ..., —
14.3 — 15.1, restricted to the first box of table 3 — 18.1 — 18.2 — 18.3, except items 3 and 4 of

table 8 —18.4 - 19.1 - 19.12 -20.9 — 26.1 — 26.2 — 26.3 —annexes A, C, D, G, L, M, N, P.

NOTE - Attention is drawn to the fact that if the appliance or equipment standard does not include tests for short-
circuit or overload protection of the transformer, relevant tests of clause 15 may have to be made.
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5.13 IP0O0O transformers, the use of which is not known, are tested without adding an
enclosure .

For these transformers, the relevant requirements of clauses 9 and 17 are not applicable.

5.14 IP0O transformers, the use of which is known, are tested mounted in accordance with
the manufacturer's instructions.

6 Ratings

Ratings are indicated in the relevant part 2 for different types of transformer

NOTE - If values other than the ones indicated as preferred values are chosen, At wended, where

applicable, that they be taken from the R10 series (see ISO 3).
7 Classification
Transformers are classified:

7.1 According to their protection against electric shg

— class | transformers;

— class Il transformers ;

— class lll transformers

NOTE - Incorporated transformers gree of protection against electric shock is

7.2  According to short- i iopr against abnormal use:

- non-inhere@
— non-short-cireuj

7.3 ¢ of protection ensured by the enclosure and defined in
accordance Wi stem, for further information see annex Q).
7.4
— fixgd:transformers;
—=( portable transformers;
= hand-held transformers.
Z L Aeccordinato-thaolr fiona of cnaration.
rm.J I‘\\J\JUIUIIIB COULrTreTIr uarnmme Ut UP\-IMLI\JII.

— continuous operation;
— short-time operation;
— intermittent operation.
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7.6 According to the intended use:

7.6.1 Associated

— incorporated;
— for specific use.

762 Indnr\nndnnf

8 Marking and other information

8.1 Transformers shall be marked with:
a) rated supply voltage (s) or rated supply voltage range (s) in vgk

throughout the range, shall be marked with the lower and
separated by a hyphen.

particular value by the user or installer, shall be
by an oblique stroke.

Example: 230 V/400 V: The transformer is(only suitabl
single-phase operation and 400 V for three—hasio
b) rated output voltage i ilovolts;

be marked with_t
r.m.s. value,

NOTE 4 — An r.m.sYvatue,is\gh n arithmetic mean value by the use of r.m.s. in the marking.

f) rated power facfor , if other than unity for transformer above 25 VA,;

g) symbol or abbreviation DC for nature of output current for transformers incorporating a
recCtifier;

h) symbol indicating the kind of transformer as indicated in the relevant part 2;
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);



https://iecnorm.com/api/?name=8620c574fb7c854999b5619ae855882f

61558-1 © IEC:1997+A.1:1998 —47 —

[) symbol for class Il construction, for class Il transformers only;

m) symbol for class Il construction, for class Il transformers only;

n) indication of the protection index IP, if other than IPOO or ordinary transformers ;
0) rated maximum ambient temperature t, if other than 25 °C;

NOTE 6 — It is recommended that the values of t, are given in steps of 5 °C for t, <50 °C and in steps of 10 °C
for t; >50 °C.

p) transtormers 10r short-ume operaton  or intermittent operaton  shall be marked with
the rated operating time or with the rated operating time and the rated resting time
respectively, unless the operating time is limited by the construction of the transformer-or
corresponds to the operating conditions specified in the relevant part 2.

The marking of short-time operation or intermittent operation shall pond toynormal
use.

The marking of intermittent operation shall be such that the rated\Ox y! i precedes
the rated resting time, both markings being separated by an obliq

information (in the literature or otherwise):

— for stationary transformers with a rated outpu edi 000 VA, the short-
circuit voltage expressed as a percentage of the ‘ ;

— the electrical function of the transformer.

NOTE 7 — If the transformer has more than one o wikding -, ircuit voltage to be marked is

8.2 Transformers with protection ind iated transformers , may be marked
with only the name (or trage mark) of\ the\ ma or responsible vendor and the type
reference (or catalogue refere > ics shall then be given in the data sheets
of the transformer or in the ows delivered with the transformer.

This information | b F sement transformer can be supplied, which will be
fully interchangeable iof

8.3 If the tfansfo adjusted to suit different rated supply voltages , the voltage to

8.4 Transfo pped or multiple output windings shall be marked with:

— the gated output voltage for each tapping or winding, unless the transformer is intended
for spegial purposes involving frequent changes in output voltage;

= (the rated output for each tapping or winding, unless it is the same for every tapping or
winding.

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

clearly indicated on the transformer.
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8.5 Transformers which are declared to be short-circuit proof transformers, and which
comply with the requirements for such transformers, shall be marked with the symbol for short-
circuit proof transformers

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
devices other than fuses, and non-short-circuit proof transformers designed to be protected
with protective devices other than fuses shall, in addition, be marked wit anufacturer's
model or type reference of the device, and/or rating of the device.

NOTE — Non-inherently short-circuit proof transformers with non-replaceallle de
marking regarding the protective device.

8.6 Terminals intended exclusively fo
for neutral.

If any point of a windi inal ’s connected to the frame or core, it shall be marked with

8.7 Transfrme 3 wided with markings clearly indicating the manner in which the
transforme : unless it is evident from the design of the transformer.

8.8 For transfo ith type X, Y and Z attachments , the instruction sheet shall contain
the substance.of\the following information:
— forstype X attachments having a specially prepared cord:

"If the external flexible cable or cord of this transformer is damaged, it shall be replaced
by-a special cord or assembly available from the manufacturer or his 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 his service agent or a similar 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 should be scrapped".
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8.9 Transformers for indoor use only shall be marked with the relevant symbol.

As there is no symbol available for the time being (under consideration) the manufacturer shall
put in the instruction sheet the wording: "for indoor use only".

8.10 class Il transformers shall be marked with the graphical symbol 5172 of IEC 60417
placed adjacent to the supply information, for example on the rating plate, so that it is obvious

that tha cvumbal ic nart af tha tachnical Infarmatinn and i+ can 1n N vwav ha eanfucad with tha
-5y e o +—1S—Pat— o He—te e ear— et o a1 o—Way—pe—-codSe a—wtH—e

manufacturer’'s name or any other identification (see 5.2.2.3 of IEC 60536-2).

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

Symbol Explanation ( IEC60417

N
Vv* Volts /\< (\
A* Amperes & \ >
VA or (VAR)* Volt amperes (or volt-amperes reactive for reactors) ( \

~N

W* Watts ¢

N \
iz Hertz DN

PRI Input / N \ \

SEC Output /\\ )/ N

p— Direct current /\ A > ( U ‘\) 5031
N Neutral \ \ /

(N Single-phase a.c. /A \ 5032
3~ Three-phase a.c. \ )

3IN~ Three- @a%{ m}\ \) N >

cos ¢ N

fac
l:l <\ Cla s Il COW \> 5172

Iasw N4 5180

I 7|\ \ &e Ik (Msymbol for time-current characteristics) 5016
t, \ WXmum ambient temperature
\F@ﬂe or core terminal 5020

@ Protective earth (ground) 5019

IPXX IP number**

under For indoor use only
consideration

*  Multiple or submultiples are allowed.

**  The X used in the IP number 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
letters mentioned in IEC 60529 may be used if necessary.
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8.12 The different positions of regulating devices and the different positions of switches shall
be indicated by figures, letters or other visual means.

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

The 'Fignrn O _shall not he 1ised for any other indication lndications—used —shall _he

comprehensible without a knowledge of languages, national standards, etc.

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

Marking shall, with the exceptions mentioned below, be clearly
transformer is ready for use.

device.
Compliance with the requirements of 8

8.14 If it is necessary to take special/precautiong 0
be supplied.

8.15 Marking shall be

Compliance is ¢
of cotton cloth s
petroleum spirit.

the test is aliphatic solvent hexane with a contents of
volume, a kauributanol value of 29, initial boiling point

After all the tests of this standard, the marking shall be easily legible, it shall not be possible to
remove-labels easily, and they shall show no curling.
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9 Protection against accessibility to hazardous live parts

Transformers shall be constructed and enclosed so that there is adequate protection against
accidental contact with hazardous live parts

Compliance is checked by the tests of 9.1 and 9.2.

9.1 In order to verify that a live part is not hazardous live , the following measurements are
carried out between any two parts or contacts, then between any part or contact and either
pole of the supply source used during the test. In addition, discharge shall be measured
between pins of the connecting device of the transformer, if any, and/or between the secandary
conductors where they are accessible 5 s after the interruption of the suppl

c) the discharge does ngt exceed 50 “0 xoltages between 60 V and 15 kV, or
d) the energy of disché 2 xceeth:350.n/ for stored voltages exceeding 15 kV.

The measurement wit or the touch-current shall be carried out in

accordance with <§e
NOTE 2 — It is recommengeéx

b) above be halved.

nded to be used in tropical climates, the values given in a) and

NOTE 3 - To avoid ari ouch-current when several appliances are interconnected, it is

9.2 Tra \ protection index other than IPOO shall be so constructed and
enclosed tha N guate protection against accidental contact with hazardous live
parts and, ansformers , with metal parts separated from hazardous live parts by
basic insulation This requirement applies even after removal of detachable parts ,
except for:

— lamps with caps other than E10;
=type D fuse-carriers.

The insulating properties of lacquer, enamel, paper, cotton, oxide film on metal parts and

sealina compound -shall not he relied unon to aive the reqguired protection aaainst accidental
~ Lt Ll ~ 1 Lt ~

contact with hazardous live parts

NOTE 1 — Self-hardening resins are not regarded as sealing compound.
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Shafts, handles, operating levers, knobs and the like shall not be hazardous live .

Compliance is checked by inspection and by the relevant tests of IEC 60529. For ordinary
transformers, the test is made with the standard test finger shown in figure 2 only.

In addition, apertures in class Il transformers and apertures in class | transformers other
than those in metal parts connected to an earthing terminal are tested with the test pin shown

TR~ Ns)

£
HF TTg a1 Cc—I.

The test finger and the test pin are applied, without appreciable force, in every possible
position.

It shall not be possible to touch bare hazardous live pparts live parts protected
only by lacquer, enamel, paper, cotton, oxide film-ok sealj ] nd , with the test finger.
For class Il transformers , it shall ne kle etal parts separated from
hazardous live parts by basic insula

10 Change of i?le
Transformers withVm

voltage setting ca

NOTE — Thexrequirement concerning the voltage setting is met if a tool is needed to remove a cover before the
voltage setting can be changed.
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11 Output voltage and output current under load

11.1 When the transformer is connected at rated supply voltage , at rated frequency , and
loaded with an impedance which would give rated output at rated output voltage and, for a.c.
current, at 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

rated output voltage ;

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

c) 15 % for the other output voltages of inherently short-circuit proof t rmers 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/taj

Compliance is checked by measuring the output voltage
established, the transformer being connected to rated st

d.c. circuit by means of a vo/tmeter '
(r.m.s.) value is specifically stated (see 84).

, rated output voltage , rated output
se values shall be substantially in agreement with each

other.

If no rated™¢ is“assigned to the transformer, the rated output current for the
purpose © 3 ification can be calculated from the rated output and the rated output
voltage .

Compliance 1s checked by calculation.

12<-No-load output voltage

The relevant Qpprifir‘nrinnq are gi\/pn in the parts 2 for the different types of transformers

For transformers incorporating a rectifier, the output voltages are measured on both sides of
the rectifier if they are connected to terminals or terminations. The measurement at the input
terminals of the rectifier is made if they are accessible to the user. The output voltage is
measured at the terminals of the circuit with a voltmeter giving the arithmetic mean value,
unless the effective (r.m.s.) value is specifically stated (see 8.1).
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13 Short-circuit voltage

If there is a marking for short-circuit voltage , the short-circuit voltage measured shall not
deviate by more than 20 % from the value calculated from this marking.

Compliance is checked by measuring the short-circuit voltage , the transformer being at
ambient temperature.

14 Heating

14.1 Transformers and their supports shall not attain excessive temperaturen normal-use.

windings.

14.1.1 If the manufacturer has neither stated which classifi :
stated any value of t; (see 3.5.8), and the measured tempéers ed the value

chosen in table 2 is the next highest va

14.1.2 If the manufacturer has not ated Wh/

However, ifithe meastred temperature exceeds the value given in table 1, the transformer is
deemed notto comply with the requirements of 14.1.

14.10.47 If the manufacturer has stated which classified material has been used and has stated
d value of t;, and the measured temperature does not exceed the relevant value given in
table 1, taking the value of t, into account, the tests of 14.3 are not made.

However, if the measured temperature, taking the value of ty into account, exceeds the value
given in table 1, the transformer is deemed not to comply with the requirements of 14.1.
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14.2 Temperatures are determined under the following conditions when steady state is
established.

The test and the measurements are made in a draught-free location having dimensions such that
the test results are not influenced. If the transformer has a t, rating, the test is made at t; + 5 °C.

Portable transformers are placed on a dull black painted plywood support. Stationary

trancformarc ara manntind ac in naormal o Aan o Ayl Blanl paintad ahagoaond connart T ha

T ToTOTTTTCTS arCTrrrogrtc oo i1 rrorihar gotT oo aoi ot panitC oy woot—oup oot 1 11C

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 introdu
outlets are tested in a flush-mounted socket-outlet mounted in a box on
plywood support as indicated in figure 1.

black-painted

Flush type transformers are tested as described in 5.10.

Transformers with terminals for type X 8 : i specially prepared cord and for
type Y and type Z attachments i pections subjected to a pull of 5N
immediately before the heating test is

and, for a.c. current, at rated power factor ;
MAfter this voltage increase, no change is made in

then the supply voltag
the circuit. The

windings at the-end
then at short intervals,
instant of switehing off.

o that a curve of resistance against time can be plotted to ascertain the resistance at the
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The value of the temperature rise of a winding is calculated from the formula:

Ry - Ry

Rr (x+1t)—(ta - ty)

where
X = 234,5 for copper;

Xx = 225 for aluminium;

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

Ry is the resistance at the beginning of the test, at temperature ty;

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

is the ambient temperature at the end of the test.

shall be taken into~account when applying the limits in table 1 and when establishing the test
temperatures in 27.1 and 27.4.
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Table 1 — Values of maximum temperatures in normal use

Parts Temperature
°C
Windings, (bobbins and laminations in contact therewith), if the insulation system is:
— of class A materialV) 100
— of class F material 115
— of class B material 120
— of class F material 140
— of class H material 165
— of other material?) —
External enclosures 3)(which can be touched with the standard test finger) of stationary
transformers , if of:
— metal 70
— other material
External enclosures 3) (which cannot be touched with the standard 85
test finger) of stationary transformers
External enclosures 3), handles and the like of portable transformers
— if, in normal use, these parts are continuously held (for exa
transformers ):
» of metal 55
« of other material 75
— if, in normal use, these parts are not coqtinudys
¢ of metal 60
» of other material 80
Terminals for external conductgkrs and terminals of 70
Insulation of internal and exte
— of rubber 65
— of polyvinyl chloridg 70
Parts the deteriord
— of rubber (other 75
— of phenolforma 105
— of ureaformailgehyde 85
— of impregha € \ i 85
— of impr 85
— of i \ \ 65
plasti
— of varni i 75
Supports 85
Printed boards®):
— _bonded with phenol-formaldehyde, melamine-formaldehyde, phenol-furfural 105
or polyester
= bonded with epoxy 140
1) The material classification is in accordance with IEC 60085 and IEC 60216; however, the values have
peen dujusteu LO laKe ilILU account trne 1act trnat, ill tiese lesis, e telfperatures are medil and not not-spot
values.

2) If other materials than those specified in IEC 60085 and IEC 60216 are used, they shall withstand the
test of 14.3.

3) If any component is part of the external surface of the transformer, the temperature of that component
shall not exceed the value specified for the appropriate external enclosure .

4) The grades of rubber and polyvinyl chloride insulation are those covered by IEC 60245 and IEC 60227,
respectively.

If other materials are used, they shall not be exposed to temperatures in excess of those which have been
proved permissible for these materials.
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NOTE 3 — Attention is drawn to the fact that protective devices may incorporate heating elements having a
surface temperature exceeding the permissible maximum temperature for the affected insulation system.

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

For class | transformers , care is taken that other insulation is not stressed by a voltage
exceeding the relevant value specified in 18.3.

After the test the electrical connections shall not have worked loose, creepage distances and
clearances shall not have been reduced to less than the values specified in clause 26, sedling
compound shall not have flowed out, and overload protection devices shall not have operated.

14.3  When applicable (see 14.1, 19.12.3 and 26.3), the live parts of the transformer (core
and windings) are subjected to the following cycling test, each cycle g heat run, a
moisture treatment, and a vibration test. Measurements according made after
each cycle.

The number of specimens is as indicated in 5.2. The sp hjected to 10 test

cycles.

14.3.1 Heat run

@t insa heating cabinet for one
ble,2.\The 10 cycles are carried out with the

The temperature in the heating cabinet\s ] a tolerance of +3 °C.

Table 2 t te peratur and testing'time (in days) per cycle
Temperature for the insulation system
st emper ure oc
100 115 120 140 165
4
21 7
< 00 14
190 4
80 7
170 14
160 4
150 4 7
140 7
130 4
120 7
Corresponding classification
according to IEC 60085 and IEC 60216 = = ° T n
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14.3.2 Moisture treatment

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

14.3.3 Vibration test

SpeCImens are fastened in the/r normal position of use to the VIbrat/on generator as spec:/fled

vert/cal and the sever/ty is:

duration: 30 min;
amplitude: 0,35 mm;

frequency range: 10 Hz, 55 Hz, 10 Hz;
sweep rate: approximately one octave per minute.

14.3.4 Measurements

1,2 t/mes the rated supply
if the no-load current or the

npletion of all 10 cycles, one or more
ot complying with the endurance test.

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 made twice, once

with the short circuit applied on one side of the rectifier, and again with the short circuit
applied on the other side of the rectifier;
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— for transformers with more than one output winding or a tapped output winding , the
results to be considered are those showing the highest temperature. In the first case, all
windings which are intended to be loaded at the same time are loaded at rated output and
then the chosen output winding is short-circuited.

For the tests of 15.2, 15.3 and 15.4, the temperatures shall not exceed the values given in
table 3 when the transformer is operated at its rated ambient temperature (25 °C or ty). In the
cases where the temperature in the test area differs from the rated ambient temperature , this

airterence snall be taken into account wnen applying the lmits in table s.

Table 3 — Maximum values of temperatures under short-circuit
or overload conditions

(-

Insulation classification A E B \H

/\ TN
Maximum (e atur v

1%\ 190 210
Winding protected by protective device:

— during the time T given in table 41 200 QXZZS 40 260
— after the first hour, peak value?) 175 19 200 215 235
9165

Winding protected inherently 150

— after the first hour, arithmetic mean 15 1 190 210
value?)

External enclosures (which can be touch®ed

with the standard test finger)

Rubber insulation of wiring

PVC insulation of wiring

Supports (i.e. any area on the pine d 05

surface covered by the tra former

1) After the tests of 15.3. yb Md due to the thermal inertia of the transformer.
2) Does not aq{ly\g the tests

During the test, thé \Xra sha// ot emit flames, molten metal, poisonous or ignitable gas
in hazardous amov res shall not exceed the values shown in table 3.

transformer shall comply with clause 9.

After the tests,_th ation, when it has cooled down to approximately ambient temperature,
9 ctric strength test in 18.3.

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

15.2\_JInherently short-circuit proof transformers are tested by short-circuiting the output
windings until steady-state conditions are reached.
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15.3  Non-inherently short-circuit proof transformers are tested as follows:

15.3.1 The output terminals are short-circuited. The incorporated overload protection device
shall operate before the temperature exceeds the values shown in table 3 for any value of the
supply voltage between 0,94 times and 1,06 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

tanhniaall alant £ tha trancfaorns oy | laadad faor o tinaa T opmd it o g pramd oo L L

th
Lculuuuully Cblulvulclll. luac, thHe—transtrormetr—1sroaaea—orea—te—Tanrawith—a UUIICIIL cyaal LU A}

times the current marked on the transformer as the rated current of the protection fuse-link;
where k and T have the values shown in table 4.

Table 4 — Values of T and k for fuses f\
N
Values marked as rated current |/,
of protecting fuse-link for gG T K
A h/\
I <4 1 2/
4</,<16 1 \ 1,9
16 </, <63 1,6
63 </, <160 > 1,6
160< /, <200 /\3 1,6
NOTE 1 — For cylindrical fuses gG t rgo C 60269-3-1), and for
fuses for use by authorised persons connections (IEC 60269-2-1), the
value of kis 1,6 for /, < 16 A.

15.3.5 If protested by an overload protection device other than a fuse according to IEC 60127
or IEC 60269, or a>efrcuit-breaker, the transformer is loaded by a current equal to 0,95 times
the valdue-sof the lowest current which causes the device to operate, until steady-state
condjtions are reached.

15.83.6 For the tests of 15.3.2, 15.3.3 and 15.3.4, the fuse-link is replaced by a link of
negligible impedance.
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For the tests of 15.3.5, the test current is obtained at ambient temperature, commencing
at 1,1 times the rated tripping current, which is slowly decreased in steps of 2 % until the
current value is obtained for which the overload protection device does not operate.

If non-self resetting thermal cut-outs which can be neither reset nor replaced are used, the
test current of one specimen shall be increased in steps of 5 %. After each step, the
transformer shall reach steady-state conditions. This is continued until the thermal cut-out
operates. This current value is noted. The test is repeated with the other specimens using

0,95 times the noted value.

15.4  Non-short-circuit proof transformers are tested as indicated in 15.3. The carrect
protective device specified by the manufacturer is fitted to the relevant input_or output circdit .

15.5 Fail-safe transformers

15.5.1 Three additional specimens are used only
the other tests are not subjected to this test.

If the transform@'
in 15.5.2.

15.5.25/-At any time during the tests of 15.5.1:

=" the temperature of any part of the enclosure of the transformers which may be touched
with the standard test finger shall not exceed 175 °C;

) " " yv) I / e} Il -y
= e icrrigerature uritrie gryvwooud supgpurt Sridilr TTOWIrieTe €ACECU .LZO ”C,

— the transformers shall not emit flames, molten material, glowing particles, or burning
drops of insulating material.
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After the tests of 15.5.1, and after cooling down to ambient temperature:

— the transformers shall withstand a dielectric strength test, the test voltage being 35 % of
the values according to clause 18 table 8. 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 ;

— enclosures , if any, shall show no holes allowing the standard test finger (figure 2) to
touch bare hazardous live parts . In case of doubt, contact with bare hazardous live parts

is detected by means of an electrical contact indicator, the voltage being not less than 40 V.

If the transformer fails any part of this subclause, the transformer is considered as (not
complying with the endurance test.

16 Mechanical strength

16.1 Transformers shall have adequate mechanical strength, strogtéd as to

After the tests, the transformer shall show no d jiNtheNqeaning of this standard. In
particular, hazardous live parts shall ] when tested as described
in 9.2. Insulating barriers shall not ha ndles, levers, knobs and the

NOTE 1 — Damage to the finish, small dents which/de ngt, redige creepage distances or clearances below the
values specified in clause 26, and i i adversely affect the protection against electric shock or

16.2 The transform W and the like fitted, is held firmly against a rigid support
and is subjecte S from a spring-operated impact hammer according to
IEC 60068-2-6 k )y of (0,5 +0,05) J applied to every point of the exterior that
protects haza je'parts. aghd is likely to be weak, including handles, levers, switch knobs
and the Jike { ammer nose perpendicularly to the surface. Before applying the

If there js\a doubt as to whether a defect has occurred by the application of the preceding
blows,he defect is neglected, and the group of three blows is applied to the same place on a
new sample which shall then withstand the test.

Parts of IPOO transformers, which are not accessible when the transformer is mounted in an
npplianr‘n ar ather pqui,nmpnt are naot quhjnr‘md ta the test.
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16.3 Portable transformers are held in their 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
concrete support. One hundred falls are carried out at a rate not exceeding one fall per 5 s.

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

Tha mathod of ralaacing tha cnaciman chall ha ciicrh ac 1o allowu, fraa fall from tha naocitinn of
He—HeHee—e—ereasSHig—tHe—5SpeeHHeA—5SHanr—oe—5StHeA—as—to—anr oW —ee—tar—HoH—tHe—pPoSHoH—64

suspension, with a minimum of disturbance at the moment of release.

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

16.4 Transformers which are provided with integrated pins, intended oduced into
fixed socket-outlets, shall have adequate mechanical strength. The/
out instead of the test of 16.3:

Compliance is checked by the following tests:

a) The test is carried out on three specimens,
IEC 60068-2-32. If the transformer is provided with fi X d(s) they are cut to a

— 25 if the mass of the specimen exceegds 250Ny
After the test, the specijr : n

Small pieces may hg hdt the protection against electric shock is not
affected.

Distortion of ] g ' Inish and small dents which do not reduce the
creepage distan es\ below the values specified in 26.1 of IEC 60884-1 are
neglected.

All three speci d the test.

b) The pins shalkizotXurn n a torque of 0,4 Nm is applied, first in one direction for 1 min
and tpen

NOTE -T d out when rotation of the pins does not impair the safety in the sense of this
standard.

c) A pullNorce as.given in table 5 is applied without jerks for 1 min on each pin in turn, in the
direction of the longitudinal axis of the pin.

The.pull force is applied within a heating cabinet at a temperature of (70 + 2) °C, 1 h after the
device has been placed in the heating cabinet.
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Table 5 — Pull force on pins

Rating of the equivalent plug type Number of poles Pull force
N
Up to and including 10 A 130/250 V 2 40
3 50
. . 2 50
Above 10 A up to and including 16 A 130/250 V 3 54
. . 3 54
Above 10 A up to and including 16 A/440 V
More than 3 N

For the purpose of this test, protective earth contacts, irrespectixe\of number, are

After the test, and after the device has cooled down to ambignt % 2 n shall have

17 Protection against harmful ing

17.1 The enclosure of a transforme
of dust, solid objects and moisture in a
the IP number marked on the transforme

Transformers not provided with an external flexible cable or cord are fitted with external
witingy as specified in clause 22, the most unfavourable type and cross-sectional area being
used.

Fortests of 17.1.1 Ato J, a fixed transformer intended for mounting with its body in contact
with a surface shall be tested on a board equal in overall size to the projection of the
transformer, if not otherwise specified.

Transformers having provisions for draining water by means of drain holes shall be mounted
with the lowest drain hole open unless otherwise specified in the manufacturer’'s installation
instructions. Ventilation openings are left open during the test.
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Portable transformers , wired as in normal use, shall be placed in the most unfavourable
position of normal use.

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

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

opar\lflarl in 183 ::nrl lnc‘par\hnn ch::ll ohnm/

Tt

a) no deposit of talcum powder in dust-proof transformers, so that, if the powder were
conductive, the insulation would fail to meet the requirements of this standard;

b) no deposit of talcum powder inside enclosures for dust-tight transforme

values specified in clause 26;

d) no accumulation of water in drip-proof,
transformers, so as to impair safety;

transformers.

17.1.1 Tests

A Solid-object- proof transformers (first character P numeral 2) shall be tested with the

B Solid-object-proof t
every possib
IEC 61032, appiieg'w

e 6> SoJid-object-proof transformer test

Test probe Probe wire Application
according to diameter force
IEC 61032
mm
First 1P W c 2,5*2‘05 3N +10 %
First IP numeral 4 D 1*2’05 1N +10 %

The end of the probe wire shall be cut at right angles to its length and be free from burrs.
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C Dust-proof transformers (first characteristic IP numeral 5) are tested in a dust chamber
similar to that shown in figure 2 of IEC 60529, 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, and shall have a range of
particle size down to and including 1 um with at least 50 % by weight less than 5 um. It
should not have been used for more than 20 tests.

The test shall be carried out as follows:

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 in the dust

chamber;
c) the door of the dust chamber is closed;

e) after 1 min the transformer is switched off and allou
powder remains in suspension.

E Drip-proof transformers (second characteristic
artificial rainfall of 3 mm#Axin by meaRs o vice

vertically from a heigh 00 (mm akovwe theltop.ofthe transformer.

F Rain-proof transfor
10 min by me
semi-circular

the transformer.

The transformer shall be mounted above the pivot line of the tube so that the ends of the
tranSformer receive adequate coverage from the jets. The transformer shall be turned about
its vertical axis during the test at a rate of 1 rev/min.

After this 10 min period, the transformer shall be switched off and allowed to cool naturally

while the water spravis continued for a further 10 min
177t
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G Splash-proof transformers (second characteristic IP numeral 4) are sprayed from every
direction with water for 10 min by means of the spray apparatus shown in figure 4 of
IEC 60529 and described in F. The transformer shall be mounted under the pivot line of the
tube so that the ends of the transformer receive adequate coverage from the jets.

The tube shall be caused to oscillate through an angle 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 during the test at a rate of 1 rev/min.

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, ceol
naturally, while the water spray is continued for a further 10 min.

H Jet-proof transformers (second characteristic IP numeral 5)
immediately subjected to a water jet for 15 min from all directjgh

Water-tight transformers (second characteristi
immediately immersed for 30 min in water, so

J Pressure watertight transformers (s ad~eharactelistie ]
operating or by other sufts é the perature of the transformer enclosure
tank bBy~between 5 °C and 10 °C

The transform
that pressur
30 min.

Transformers(In for fixed connection to the supply are tested with the cable fitted but
with cable ‘entries~aqpen. If knock-outs are provided, one of them is opened. Transformers
intended-to-be used with an external flexible cable or cord are tested with the cord and cord
entries\correctly fitted.

Electrical components, covers and other parts which can be removed without the aid of a tool
are removed and subjected to the humidity treatment with the main part, if necessary.
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The humidity treatment is carried out in a humidity cabinet containing air with a relative
humidity maintained between 91 % and 95 %. The temperature of the air, at all places where
specimens can be located, is maintained to within 1 °C of any convenient value t between
20 °C and 30 °C.

Before being placed in the humidity cabinet, the specimen is brought to a temperature between
tand (t + 4) °C.

The specimen is kept in the cabinet for:

— two days (48 h) for ordinary transformers and transformers with protection index IP20,
or lower;

— seven days (168 h) for other transformers.

In most cases, the specimens may be brought to the specified tempergitt
this temperature for at least 4 h before the humidity treatment.

Keeping them at

solution of sodium
Wlarge contact surface with

NOTE - A relative humidity between 91 % and 95 % can be obtained by placing™a
sulphate (Na,S0O,) or potassium nitrate (KNO3) in water, the solution having a sufficien

After this treatment and the tests of clause 18, the
the meaning of this standard.

18.1 The insulation resistance and the\diel 9 of transformers shall be adequate.

Compliance is checked by~the 18 .AWwhich are made immediately after the test
of 17.2, in the humidifix cabi b » in which the specimen was brought to the
prescribed temperature, af ing those parts which may have been removed.

18.2 The insulio ] yssured with a d.c. voltage of approximately 500 V
applied, the measyren Mmin after application of the voltage.

The insulatiop’'resi be not less than that shown in table 7.
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Table 7 — Values of insulation resistance

Insulation
Insulation to be tested resistance
MQ
Between hazardous live parts and the body:
— for basic insulation 2
=—forTemforcedmsutation 7

Between input circuits and output circuits (basic insulation ) 2

Between input circuits and output circuits (double or reinforced insulation ) 5

Between each input circuit and all other input circuits connected together 2

Between each output circuit and all other output circuits connected together 2

Between hazardous live parts and metal parts of class Il transformers which are

separated from hazardous live parts by basic insulation only

Between metal parts of class Il transformers which are separated from hazardods

live parts by basic insulation only, and the body

Between two metal foils in contact with the inner and outer surfaces ofeqcl 2

of insulating material \
18.3 Immediately after the test of 18.2, the insulatfon (is)subje or/1 min to a voltage of
substantially sine-wave form at 50/60 Hz. The/va f voltage and the points of
application are given in table 8.
Resistors, capacitors and other componen ected-Uefore carrying out the test.
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Table 8 — Table of test voltages

Working voltage

Application of test voltage v
<50 150 300 600 1000
1) Between live parts of input circuits and live parts of 250 1400 2100 2 500 2 750

OUIput CITCUILS — (DasSIC Imsulation )

2) Between live parts of input circuits and live parts of 500 2800 4 200 5 000 5 500
output circuits (double or reinforced insulation )

3) Over basic or supplementary insulation between: 250 1 400 210 500 2750
a) live parts of different polarity

b) live parts and the body if intended to be connected
to protective earth

c) accessible conductive parts and a metal rod of the
same diameter as the flexible cable or cord (or metallic
foil wrapped round the cord) inserted inside inlet

bushing, cord guards and anchorage, and the like 4

d) live parts and an intermediate conductive part \A

e) intermediate conductive parts and the body m
4) Over reinforced insulation between the bo and liv \50{ 6800 L 4200 5 000 5 500
parts

* Values of test voltage for intermediate valyes rkin volt%'&,a{e found by interpolation between
tabulated values.

Initially, not more than ha
value.

No flashover or k
being disregarde ol

annex N.

The high-voltag 5 or the test shall be capable of supplying a current of at
least 200 mA : erminals are short-circuited. The overload releases of the

Care shall be-taken that the voltage applied for the test between input and output circuits
does notwover-stress other insulation. If it is stated by the manufacturer that a double
insulatioh* system exists between input and output circuits , such as from input circuit to
core@nd from core to output circuit , each insulation is then tested separately according to the
test-voltage of item 3 of table 8. The same applies to a double insulation between input and
the body .

For class Il situations incorporating both reinforced insulation and double insulation , care
shall be taken that the voltage applied to the reinforced insulation does not over-stress the
basic or supplementary insulation
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18.4  After the test of 18.3, one input circuit is connected to a voltage equal to double the
rated supply voltage , at double the rated frequency for 5 min. No load is connected to the
transformer. During the test, polyfilar windings, if any, are connected in series.

A higher test frequency may be used; the duration of the period of connection, in minutes, then
being equal to 10 times the rated frequency divided by the test frequency, but not less than
2 min.

During the test, there shall be no breakdown of the insulation between turns of a winding;
between input and output circuits , between adjacent input or output circuits , or betweéen
the windings and any conductive core.

19 Construction

19.1 The input and output circuits as specified in the relevant\p
separated by insulation, and the construction in general shé

or indirectly, through other metal parts.

19.2  Materials which burn fiercely, such as celluloi
transformers.

by the glow-wire test ofx

NOTE — Insulating mdterial\is consige
substantially filled suitgble insqlant.

Wood, even if impred

19.3 hall be either short-circuit proof or fail-safe transformers
Compliagice
19.4 all be taken to prevent contact between accessible metal parts and

conduits aor metal s ths of supply wiring for class Il transformers

Comptiance is checked by inspection.
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19.5 Parts of class Il transformers, which serve as supplementary insulation or
reinforced insulation and which might be omitted during reassembling after routine 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.
NOTE 1 — Sleeving may, however, be used as supplementary insulation on internal wiring, if it is retained in
position by positive means.

NOTE 2 — A sleeve is considered to be fixed by positive means if it can be removed only by
it is clamped at both ends.

aking or cutting, or if

NOTE 3 — Routine servicing includes replacement of switches, protective devices and g
the type of attachment allows this.

Compliance is checked by inspection,

NOTE — For the purpose of this requirement:
— it is not expected that two independent fixings

— parts fixed by means of scre
loose, provided these screws
cord, or other routine sefwci

— conductors connect
near to the termi

— screwless ter

19.7 Parts g accessible metal parts by resistors or capacitors shall be separated
from the hazardous live parts by double insulation or reinforced insulation

Compliance is checked by the tests for double insulation or reinforced insulation

19.8 Resistors or capacitors connected between hazardous live parts and accessible metal
parts shall consist of at least two separate components whose impedance is unlikely to change

elgnlflr\anfl\l rlllrlng fhn ||fnf|ma of fhn francfnrmnr £ nn‘\,l ohe of fhn r\r\mnr\nnnfe is chnrf

circuited or open-circuited, the values specified in clause 9 shall not be exceeded
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Compliance is checked by inspection and by measurement.

NOTE - Resistors complying with 14.1 of IEC 60065 and capacitors complying with IEC 60384-14 are considered
to be appropriate components. One capacitor complying with the requirements of class Y1 of IEC 60384-14 is also
considered to be sufficient.

19.9 Insulating material separating input and output windings , and parts of natural or
synthetic rubber used as supplementary insulation in class Il transformers , shall be either
resistant to ageing or so arranged and dimensioned that, whatever cracks may occur,

creepage distances are not reduced below the values specified in clause 26.

Compliance is checked by inspection, by measurement and, in case of doubt concerning\the
ageing properties of rubber, by the following test.

pecial test may be made (c.f. 14.3

ith care. All precautions should be taken to

Yittoned for a period of 4 h at a temperature of (-10 + 2) °C. While still
at this tempe the coating is subjected to a blow, applied to any point of the layer that
is likely to)be , from a spring-operated impact hammer according to IEC 60068-2-63
with an‘energy of (0,5 + 0,05) J.

Afterthis test, the coating shall not be damaged. In particular, it shall show no cracks visible
with normal vision, or corrected vision without magnification.

c) Scratch test

Finaily, the part atr the hignest temperatare attained under normal operating conaitions 15
subjected to a scratch test. The scratches are made by means of a hardened steel pin, the
end of which has the form of a cone having a top angle of 40°, its tip being rounded with a
radius of (0,25 + 0,02) mm.
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Scratches are made by drawing the pin along the surface at a speed of about 20 mm/s as
shown in figure 4. The pin is so loaded that the force exerted along its axis is (10 + 0,5) N.
The scratches are at least 5 mm apart and at least 5 mm from the edge of the specimen.

After this test, the coating shall neither have loosened nor be pierced, and it shall withstand
a dielectric strength test as specified in clause 18, the test voltage being applied between
the base material and a metal foil in contact with the layer.

NOTE — The tests may be made on a separate specimen of the coated part.

19.11  Handles, operating levers, knobs and the like shall be of insulating material or be
adequately covered by supplementary insulation , or separated from their shafts or fixing-by
such insulation, if their shafts or fixing are likely to become live in the event of an insulatien
fault.

Compliance is checked by inspection and, if necessary, by the req specified for

supplementary insulation
19.12  Winding construction

19.12.1 In all types of transformer, precautions shall be ta

— undue displacement of input or output windingg
— undue displacement of internal wiring or wires f

— undue displacement of parts of
wires or loosening of connections;

— positive means,suchlas t

— or process tg

Where cheekless bobbins are used, the end turns of each layer shall be prevented from being
displaced:

NOFEL2 — Each layer can, for example, be interleaved with adequate insulation material projecting beyond the end
tarns' of each layer and, moreover:

— either the winding(s) may be impregnated with hard-baking or cold-setting material, substantially filling the

mervening spaces and elffecCtively sedllng-orr tne enad turmns,

— or the winding(s) may be held together by means of insulating material or by process technology.
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Compliance is checked by inspection and by the tests of clauses 16, 17, and 18.

19.12.3 Insulated winding wires, the insulation of which provides basic, supplementary or
reinforced insulation , shall meet the following requirements.

These additional requirements are applicable to all types of transformers for basic or
supplementary insulation taken separately, and to transformers for switch mode power
1

M= H for ot finolot oo A nalbiaation
SUPPITCSTUT AT Tty P e S U mTTSuratioTT ©veTT T COTIToTT atroTT.

NOTE — Additional requirements are under consideration to apply this technology to all types of transformefs;
including combination of insulation.

Insulated winding wires of wound parts shall meet the following requiremenjs:

insulation in a wound component without additional interleaved i

comply with annex K;
— the insulation of the conductor shall consist of at |

b) where the insulation on the winding wire is
insulation in a wound part:

— the insulated wire (for example polyi
comply with annex K;

— the insulation of the conducto

— two adjacent insulated wires
separated by double insulation
working voltage ;

For windings
requirements

will not becomesfoose as~a'result of heating, vibration, etc. which may occur in normal use.

Complianee js checked by inspection and by the tests of clauses 14 and 16.

19.14 ) Covers providing protection against electric shock shall be securely fixed. The fixing
shall"be achieved by at least two independent means, one of which at least requires the use of
a‘tool .

Compliance is checked by inspection and by manual test.
NOTE 1 — The cover may incorporate a means, such as a notch or a rim, which forms one of the required fixing
means.

NOTE 2 — Screws may be used as means requiring the use of a tool, but knurled nuts or screws, even if they have
provision for sealing, are not suitable.
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19.15 Transformers provided with pins intended to be introduced into fixed socket-outlets
shall not impose undue strain on these socket-outlets.

Compliance is checked by inserting the transformer, as in normal use, into a fixed socket-outlet
complying with IEC 60083, the socket-outlet being pivoted about the horizontal axis through the
central lines of the contact tubes at a 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 with a rated output not exceeding 200 VA-shall either’be an
ordinary transformer or have a protection index IP20 or higher. For ormary ansformers

and transformers having a protection index of IPXQ, it shall be stated i e ructions for use
that such transformers are only intended for indoor use.

Portable transformers having a rated output exceeding 200 ing 2,5 kVA
, shall have

a protection index IPX4 or higher.

Portable transformers having a rated output single-phase
transformers, or exceeding 6,3 kVA for polyphas ' Have a protection index
IP21 or higher.

and including IPX6 shall have

19.17 Transformers having a protection index
y mm2 in area, with a width of at least

an effective drain hole at least 5 mm i
3 mm.

Transformers h@
in the correct manrér,

19.18 Transformers
moulded-on if

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 Live parts of SELV- and PELV-circuits shall be electrically separated from each
other and from other circuits. Arrangements shall ensure electrical separation not less than

petween the mput _and The output cIfcuit  of a saftely fsofaung ransiormer, — taking e
relevant working voltage into account.

NOTE 1 — This requirement does not exclude the connection of PELV-circuit to earth.

NOTE 2 - In particular, electrical separation not less than that provided between the input and the output
windings of a safety isolating transformer is necessary between the live parts of electrical equipment such as
relays, contactors, auxiliary switches, and any part of higher voltage circuit.

Compliance is checked by compliance with 19.20.1 for SELV-circuits and 19.20.2 for PELV-
circuits
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19.20.1 Live parts of SELV-circuits shall not be connected to earth, to live parts, or
protective conductors forming part of other circuits.

Exposed conductive parts of SELV-circuits shall not intentionally be connected to:

— earth; or
— protective conductors or exposed conductive parts of another circuit; or

— extraneous conductive parts, except where electrical equipment Is inherently required to
be connected to extraneous conductive parts, and it is ensured that those parts cannpgt
attain a voltage exceeding the nominal voltage specified for SELV.
NOTE - If the exposed conductive parts of SELV-circuits are liable to come into contact, elther fortuiteusly or
intentionally, with the exposed conductive parts of other circuits, protection against etec shock(no-longer

depends solely on protection by SELV, but also on the protective measures to which the_latter exposed\conductive
parts are subjected.

reinforced insulation according to table 8.

direct contact is generally unnecessary. However, it
of external influences (see relevant part 2).

19.20.2 For PELV-circuits , i e filled.

19.21  For FELV- CII’UIt e following reguirements shall be fulfilled to ensure protection
against both dwe@
NOTE — Such conditiofis of 3 e red when the circuit contains equipment (such as transformers,

shall be provided by insulation corresponding to the
the primary circuit.

maintaining, the electrical continuity of an earthing conductor not terminating in the transformer,
provided.that the terminal is insulated from the accessible metal parts by class Il insulation.

Compliance is checked by inspection.
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19.23 Class lll transformers shall not be provided with means for protective earthing.

Compliance is checked by inspection.

20 Components

201 Components such as switches pluas.  fuses  lamnholders  capacitors and flexible
T ™ tv Y T T T

cables and cords shall comply with the relevant IEC standard as far as it reasonably applies.

Appliance couplers for mains supply shall comply with IEC 60320 for IPXO0 transformers_and
IEC 60309 for other transformers.

Automatic controls shall comply with IEC 60730-1 unless they are tested
Thermal-links shall comply with IEC 60691 as far as reasonable
Switches shall comply with IEC 61058 as stated in annex F,

The testing of these components is, in general,
relevant standard, as follows:

then tested in accordance with its ma
the relevant standard;

— components not marked with individ
in the transformer, inclgding i N0

— where no IEC standard e
marked, or wh

is tested und<t7;>
in general, that Yeq

Components\nco u~
standard/aspayt of the'tra

theNJEC standard for the relevant component does not necessarily ensure
e requirements of this standard.

Compliance
compliance Wwith

20.2 _<S&witches intended to disconnect the transformer from the supply shall disconnect all
poles.and shall have a contact separation of at least 3 mm in each pole.

The requirements with regard to all-pole disconnection and contact separation do not apply to

transformers—which—are—intended-tobe—commected-to-the—suppty by meansofafexibte—cabte ot
cord and a plug, or to transformers accompanied by an instruction sheet stating that such
means for disconnection shall be incorporated in the fixed wiring.
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Compliance is checked by inspection.

20.3 Socket-outlets in the output circuit shall be such that there is no dangerous
compatibility between such a socket-outlet 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.

hoaanth tha racg iy
T T

DARAALIEEIRA-IN B2~ Ao y)

Plugs and socket-outlets for PELV systems shall comply with the following requirements:

— plugs shall not be able to enter socket-outlets of other standardized vgltage systems;

— socket-outlets shall not admit plugs of other standardized voltage
— socket-outlets shall not have a protective earthing contact.

20.4 Thermal cut-outs , overload re
shall have adequate breaking capacity.

Compliance is checked by

20.5 Thermal cut-ouf

20.5.1 The thm
requirements an 3

c) The thernm
be prevenfed
IEC 60730-1).

shall have a trip free mechanism in which contacts cannot
opening against a continuation of a fault (type 2E) (see 6.4.3.5 of
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d) The number of cycles of automatic action shall be:
— 3000 cycles for thermal cut-outs with self-resettable reset ;

— 300 cycles for thermal cut-outs that are non-self-resettable , and which are reset
when the transformer is disconnected, and for thermal cut-outs which can be reset by
hand without the use of a tool to reach the reset (see 6.11.10 of IEC 60730-1);

— 30 cycles for thermal cut-outs with no automatic reset, and which cannot be reset by
hand without the use of a tool to reach the reset (see 6 11 11 of IEC 60730-1)

e) The thermal cut-out shall be tested as designed for a long period of electrical stress
across insulating parts (see 6.14.2 of IEC 60730-1).

f) The characteristics of the thermal cut-out with regard to:

— the ratings of the thermal cut-out (see clause 5 of IEC 60730-1);
— the classification of the thermal cut-out according to:
1) nature of supply (see 6.1 of IEC 60730-1),

2) type of load to be controlled (see 6.2 of IEC 60730-1),

3) degree of protection provided by enclosures agai i S olid obyécts and dust
(see 6.5.1 of IEC 60730-1),

(see 6.5.2 of IEC 60730-1),

5) pollution situation for which th ee 6.5.3 of IEC 60730-1),

6) comparative tracking index f is suitable (see 6.13 of

IEC 60730-1),

shall be appropriate for the [ in under normal operating conditions and
under fault conditions.

20.5.2 The theriz}lc t-out
— have at lea i i 3 according to IEC 60730-1 withstanding a test voltage
according to 13,2 ;

— be aged for_30Q-h\at atemperature corresponding to the ambient temperature of the
1a e transformer is operated under normal operating conditions at an
ambientte ! 5 °C or, where relevant, t; + 10 °C;

— be subjeeted to)a number of cycles of automatic action as specified under 20.5.1 for
thermal, cut-outs™ tested as a separate component, by establishing the relevant fault
condition(s).

Thetests are carried out on three samples.

Compliance is checked by inspection and by the specified tests in the given order.

During these tests, no sustained arcing shall occur, and there shall be no damage from other
causes.
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After the test, the thermal cut-out shall show no damage in the sense of this standard; in
particular, it shall show no deterioration of its enclosure , no reduction of clearances and
creepage distances, and no loosening of electrical connections or mechanical fixing.

20.5.3 A PTC resistor of the indirect heating type is considered in this standard as a non-
self-resetting thermal cut-out

£ ananliano. ol Lad b tha follaiain

CUTNTTPmarrc © IJ blle!\CU My e lUllUVV'lly tCJt

The transformer is connected for 48 h (two days) at 1,1 times the rated input voltage with(the
output terminals short-circuited.

— After 48 h, the transformer shall be allowed to cool down to aprox1 vately ambient

temperature; this test shall be repeated five times at the maximuyr
declared for the transformer.

During the part of the cycle where the transformer is una
stay in high /mpedance position until the supply is s

correctly in the sense of this standard.
20.6  Thermal-links shall meet one «

20.6.1 The thermal-link, when tested
requirements and tests of IEC 60691.

If the thermal-link is tested

Its characteristics wit 3
— the ambiené eh 2e 6. 1 C 60691);

— the circuit ¢co

e following applies:

— the ratings of the tt -l see 8 b) of IEC 60691);
— the suitabili ing or use with, impregnating fluids or cleaning solvents (see 8 c)
of IE ;

application in the apparatus under normal operating conditions and

under short-circtit andyoverload conditions.

Compliance is checked according to the test specification of IEC 60691, by inspection and
measurement.

20/6.2 The thermal-link when tested as a part of the transformer:

— shall be aged for 300 h at a temperature corresponding to the ambient temperature of the
thermal-link when the transformer is operated under normal operating conditions at an
ambient temperature of 35 °C or, where relevant, t; + 10 °C;

— shall be subjected to those fault condition(s) of the transformer which cause the thermal-
link to operate. During the test, no sustained arcing and no damage in the sense of this
standard shall occur;

— shall be capable of withstanding two times the voltage across the disconnection, and
have an insulation resistance of at least 0,2 MQ when measured with a voltage equal to two
times the voltage across the disconnection.
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The test is made 10 times; no failure is allowed.
The thermal-link is replaced, partially or completely, after each test.
Where the thermal-link is not replaceable, the test is made on three new specimens.

Compliance is checked by inspection and by specified tests in the given order.

20.7 Self-resetting devices shall not be used unless it is certain that there will be no hazards;
mechanical, electrical or otherwise, resulting from their operation.

Compliance is checked by inspection.

20.8 Thermal cut-outs intended to be reset by a soldering opers
overload protection.

eused for

Compliance is checked by inspection.
20.9 Overload protection devices shall not operate

Compliance is checked by the following test.

10 s.

The supply source shall §
inrush current.

21 Internal Wi@

21.1 Internal wip
shall be adequaté

21.2 Openings: in sheet metal through which insulated wires pass shall have rounded edges
with a radius not le an 1,5 mm, or the openings shall be provided with bushing of insulating
material.

21.3\~"Bare conductors shall be so fixed that the distance from one another and from the
enclosure is adequately maintained.

Compliance with the requirements of 21.1 to 21.3 is checked by inspection.

21.4 Internal wiring shall not work loose when external wires are connected to the input or
output terminals.
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Compliance is checked by inspection and by the test of 23.3.

21.5 Insulated conductors which, in normal use, are subjected to a temperature exceeding
the limiting values given in 14.2 shall have an insulation of heat-resisting and non-hygroscopic
material, if compliance with this standard is likely to be impaired by deterioration of the
insulation.

f‘nmnhanr\a is checkad h\/ inspection Qnrl if nacessarv hv additional tasts: the temperatire is
- Y—¥ L LtesSis— { P {

determ/ned during the test of 14.2.

22 Supply connection and other external flexible cables or cords

22.1 All cables, flexible cords and connecting means referred to in S
appropriate current and voltage ratings suitable for the ratings of S to which
they are connected.

Compliance is checked by inspection.
22.2 Separate entries shall be provided for the input a

at thé protective covering of

all_bé of insulating material, or be
provided with bushing of insulating materi i substantially free from ageing effects
under conditions expected in service.\ Th S bushings shall be so shaped as to

be damaged by thi m
Bushings shall not\ge 6

Transformers other than those intended to be permanently connected to 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
easily introduced and connected, and the cover, if any, fitted without risk of damage to the

conductors or their insulation.

It shall be possible to connect the external supply wires to terminals without their insulation
coming into contact with hazardous live parts of a different polarity from that of the relevant
wire, including live parts of the output circuits
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Compliance is checked by inspection and by an installation test with conductors of the largest
cross-sectional area corresponding to the rated connecting capacity of the terminals.

22.4  Portable transformers , other than those intended to be mounted directly on a socket-
outlet, shall be provided with a power supply cord (see 3.2.1) having a length between 2 m
and 4 m.

Dortabhla trancformnare oy hich ava narmittad +0 ha neoyadad vapth o oy ool
ot TC Tt ar T STOT I ICTS TWICTT ar C P CT T ttC Ut ot PTovTIaC vt o POV CT SO PPt

cross-sectional area of 0,5 mmz2 are excepted from this requirement.

Compliance is checked by inspection.

22.5 Power supply cords of transformers with protection index IPX0
ordinary tough rubber sheathed flexible cable or cords (code designatigR fIRE.\6Q245-1), or
ordinary polyvinyl chloride sheathed flexible cable or cords (code desighati

22.6  Power supply cords may be a cord set fitted with an dppliancg e accordance
with IEC 60320, provided that the transformer is a single-ppjrase . i , having

22.7 The nominal cross-sectional area of external(fle shall be not less
than that shown in table 9.

Table 9 — Nominal cross-sectional areas_of external flexibje cable or cords

Nominal cross-
Input or output current at dautpu .
sectional areas
A mm?2
N N
. )

~_J o5

0,75
1
1,5
2,5
4
6

10

rds may be used as power supply cords if their length

entexs the transformer and the entry to the plug.

M —In Japan, cords having a nominal cross-sectional area of
0,5 mm? are not allowed for external power supply cord .

Compliance is checked by inspection and by measurement.

728 Power supply cords of class I transtormers  shall be provided with a green/yellow
covered core, which is connected to the earthing terminal of the transformer and to the earthing
contact of the plug, if any.

Power supply cords of single-phase portable transformers having an input current at rated
output not exceeding 16 A shall be provided with a plug complying with IEC 60083 or
IEC 60906-1. Other portable transformers may be provided with a plug complying with
IEC 60309.
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Compliance is checked by inspection.

22.9 External flexible cable or cords shall be attached to the transformer by type X, Y or Z
attachments unless otherwise specified in the relevant part 2.

Compliance is checked by inspection and, if necessary, by manual test.

ZZ9.T For type Z attachments , moulding the enclosure of the transiormer 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 so designed and shaped, or shall be/ptovided ‘with" an inlet

bushing, so that the protective covering of the external flexible
introduced without risk of damage.

The insulation between the conductor and the enclosure shall
conductor and, in addition:
— for class | transformers , at least basic insulatig

— for class Il transformers

NOTE 2 — A lining of insulating material is
relevant requirements.

NOTE 3 - In the case of metal enclosures
insulation if it complies with R

Compliance is chfke

22.9.3 Inlet bushing

— be so shap

— be religbly

- no

— not Dbe

external { for type X with a special cord, typeY and typeZ

attachmeénts fo ss | transformers

Compliagnee is checked by inspection and by 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 transfarmer Caord gllnrdc if any shall ha of inelllnfing material and he fived in a raliahlg
t - 7 7 t

manner.

Compliance is checked by the following test which is made on an apparatus having an
oscillating member as shown in figure 7.
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The part of the transformer comprising the cord entry, the cord guard, if any, and the external
flexible cable or cord is fixed to the oscillating member so that, when the latter is at the
middle of its travel, the axis of the cord where it enters the cord guard or inlet is vertical and
passes through the axis of oscillation. The major axis of the section of flat cords shall be
parallel to the axis of oscillation.

The cord is loaded so that the force applied is:

— 10 N for cords having a cross-sectional area exceeding 0,75 mm?2;
— 5 N for other cords.
The distance A shown in figure 7, between the axis of oscillation and the point where the.cord

guard enters the transformer, is adjusted so that when the oscillating member~novesiover its
full range, the cord and load make the minimum lateral movement.

the number of flexings for type Z attachments
10 000. The rate of flexing is 60 per min.

NOTE 1 — A flexing is one movement of 90°.

flexings, unless a flat cord is fitted.

During the test, the conductors are
question, at rated voltage.

— a short circuit befw

— breakage ofsuore
- separation@ -

— loosening of aR

NOTE 3 — gonducstor
NOTE 4 — sixculk betweerp conductors of the cord is considered to occur if the current exceeds a value equal
to twice the ratee i cixent of the circuit in question.

22.9.5 Stationary~vansformers intended for use with an external flexible cable or cord
and portable transformers shall have cord anchorages so that the conductors are relieved
from strain, including twisting, where they are connected within the transformer, and so that the
inswlation of the conductors is protected from abrasion.

For type X attachments , glands shall not be used as cord anchorages in portable

transformers unless they have provision for clamping all types and SiZes of cables and cords
which might be used as external flexible cable 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 that it is clear how the external flexible
cable or cord is to be assembled.
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For type X attachments, the cord anchorage shall be so designed or located that:

— replacement of the cord is possible easily;
— itis clear how the relief from strain and the prevention of twisting are to be obtained;

— it is suitable for the different types of cord which may be connected, unless the
transformer is designed so that only one type of cord can be fitted;

— the whole 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;

— the cord cannot touch the clamping screws of the cord anchorage j
accessible or electrically connected to accessible metal parts;

nese screws are

— the cord is not clamped by a metal screw which bears directly o

— for class | transformers , it is of insulating m
insulating lining if an insulation fault on the cord

— for class Il transformers , it is
accessible metal parts by insulatio
insulation .

flexible cable or cord ; ible metal parts by insulation complying
with the requirements for kasi ss’l transformers , and complying with the

— the replacement’of the external flexible cable or cord does not impair compliance with
this standard;

— ~the"whole flexible cable or cord with its covering, if any, is capable of being mounted into
the-cord anchorage;

L it does not damage the cord and is unlikely to be damaged when it is tightened or
loosened in normal use;

— the cord cannot touch clamping screws of the cord anchorage, if these screws are
accessible or electrically connected to accessible metal parts;

— the cord is not clamped by a metal screw which bears directly on the cord;
— knots in the cord are not to be used;

— labyrinths or similar means are permitted, provided that it is clear how the external
flexible cable or cord is to be assembled.
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Compliance is checked by inspection and by the following test.

For type X attachments , except with a special cord, the transformer is fitted with a suitable
external flexible cable or cord . The conductors are introduced into the terminals, the terminal
screws, if any, being tightened just sufficiently to prevent the conductors from easily changing
their position. The cord anchorage is used in the normal way, its clamping screws being
tightened with a torque equal to two-thirds of that specified in table 11.

The tests are first made with the lightest permissible type of cord of the smallest cross-
sectional area specified in table 9 and then with the next heavier type of cord of the largest
cross-sectional area specified, unless the transformer is so designed that only one type of cerd
can be fitted.

For type X with a special cord, type Y and type Z attachments
the cord in place.

, the trd i tested with

It shall not be possible to push the cord into the transformer to Such~an he cord, or
internal parts of the transformer, could be damaged.

Immediately afterwards, the cord is
table 10.

Table 10 — Pull and torque to b€ applie terhal flexible cable or cords

Mass gf tragsforme \) Pu Torque
Nm

p 0 ang inchadi 30 0,1
updo and 60 0,25
Over 100 0,35

The cord sha ed\during the tests.

all not have been longitudinally displaced by more than 2 mm, and
have moved over a distance of more than 1 mm in the terminals, nor

shall there bepapprecigble 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 which is
subjected to a pull, at a distance of approximately 20 mm from the cord anchorage or other

SUitabie poit, before starting the tests.

After the tests, the displacement of the mark on the cord in relation to the cord anchorage or
other point is measured, while the cord is still subjected to a pull.
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22.9.6 The space for the supply cables or the external flexible cable or cord provided
inside, or added as a part of the transformer for the connection:
a) to fixed wiring and for type X and Y attachments :

— shall be so designed as to permit checking, before fitting the cover, if any, that the
conductors are correctly connected and positioned,;

— shall be so designed that covers, if any, can be fitted without risk of damage to the

&l + +tlo ol H | P
CUTITUULIUT S UT UNITIT Trroutatvlrlt,

— for portable transformers , shall be so designed that the uninsulated end of the
conductor, should it come free from the terminal, cannot come into contact Wwith
accessible metal parts, unless, for type X and Y attachments , the cord is provided-with
terminations that are unlikely to slip free of the conductor;

b) to fixed wiring and for type X attachments , in addition:
— shall be adequate to allow the conductors to be easily introd
— shall be so designed that covers, if any, giving acce
conductors can 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
other than those provided with external
be provided with terminals in which copne
effective devices.

ixed wiring, and transformers
or type Z attachments shall

upon the sotdering alonetd maintain the conductor in position, unless barriers are provided so
i and clearances between hazardous live parts and other metal parts
cannot be reduced ess than 50 % of the values specified in clause 26, should the conductor
break away at the soldered joint.

Fortransformers with type Y and type 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 the 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 metal parts cannot be reduced to less than 50 % of the values specified in
clause 26, should the conductor break away at the soldered or welded joint, or slip out of the
crimped connections.
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NOTE - In general, hooking-in before soldering is considered to be a suitable means for retaining the conductor of
a flexible cable or cord in position, provided that the hole through which the conductor is passed is not unduly large.

23.2 Terminals for type X with a special cord, 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
pull of 5 N to the connection immediately before the test of 14.2.

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 terminal does not work loose, internal wifing
is not subjected to stress, and creepage distances and clearances are not reduced below, the
values specified in clause 26.

23.4  Terminals, other than those with type Y or Z attachments ,
they clamp the conductor between metallic surfaces with suffici
without damage to the conductor.

NOTE - Locking with sealing compound, witho y
self-hardening resins may be used to lock termyhals whi ot sulect o torgion in normal use.

23.5 Terminals provided for the conhectio iring, and terminals with type X
inals of different polarities and the

23.6  Terminal tec
even if their haz

Compliance is chg d by manual test

23.7 of transformers with type X attachment shall be so located
or shielded\th wirevof a stranded conductor escape when the conductors are fitted,
there s of accidental connection between live parts and accessible metal parts

and, in the 5 transformers , between live parts and metal parts separated from
accessible met parts\by supplementary insulation  only.

Compliance is checked by inspection, by manual test and by the following test.

Ar~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 wire of the stranded conductor is left free,
and the other wires are fully inserted into and clamped in the terminal.

The free wire is bent, without tearing the insulation back, in every possible direction, but
without making sharp bends round barriers. The free wire of a conductor connected to a live
terminal shall not touch any metal part which is accessible, or which is connected to an
accessible metal part or, for class Il transformers , any metal part which is separated from
accessible metal parts by supplementary insulation only. The free wire of a conductor
connected to an earthing terminal shall not touch any hazardous live part .
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Terminals without pressure plate shall be provided with at least two clamping screws if the
current exceeds 25 A.

23.8 Terminal screws, other than screws of terminals for the connection of protective
earthing conductors, shall not come into contact with any metal part which is accessible, or
which is connected to an accessible metal part, or, for class Il transformers , inaccessible
metal parts, when the screw is loosened as far as possible.

Compliance is checked by inspection during the test of 23.2.

24 Provision for protective earthing

e event of
an insulation fault shall be permanently and reliably connected to a profe terminal
within the transformer.

Class Il transformers shall have no provision for earthing th

Compliance is checked by inspection.

afts which are connected to
the protective earthing terminal, or if they are separated € by double insulation or
reinforced insulation , they are not, for the pyrpgse of ti§ as likely to become live in the
event of an insulation fault.

NOTE - In general, ¢ eUrrent-carrying terminals, other than some terminals of the
pillar type, provide suffi€ie with the latter requirement; for other designs, special provisions,
such as the use of an adé€ {
24.3 All parts BCti rthing terminal shall be such that there is no risk of
corrosion resdlting between these parts and the copper of the earthing conductor,

i¥e earthing terminal is part of a frame or enclosure of aluminium or
aluminium alloy; tions shall be taken to avoid the risk of corrosion resulting from contact
between copper andkaluminium or its alloys.

Compliance is checked by inspection.

The body of the protective earthing terminal shall be of brass or other metal not less resistant
t0 corrosion, unless it is a part of the metal frame or enclosure , in which case the screw or nut

shall be of brass or other metal equally resistant to corrosion.

24.4 The connection between the protective earthing terminal and parts required to be
connected thereto shall be of low resistance.
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Compliance is checked by the following test.

A current derived from an a.c. source, having a no-load voltage not exceeding 12 V and equal
to 1,5 times the rated input current or to 25 A, whichever is greater, is passed for 1 min
between the protective earthing terminal and each of the accessible metal parts in turn.

NOTE 1 — Rated input current is determined as the quotient of the rated output by the rated supply voltage or, for
polyphase transformers, by \/ﬁtimes the rated supply voltage, n being the number of phase.

The voltage drop between the protective earthing terminal and the accessible metal part js
measured, and the resistance calculated from the current and this voltage drop.

In no case shall the resistance exceed 0,1 Q.

In case of doubt, after 1 min the test is carried out until steady Stale have been

established.

NOTE 2 — Care is taken that the contact resistance between the tip of the s € he metal part
under test does not influence the test results.

NOTE 3 — The resistance of the supply flexible cable or cord, if used féx_conveni i gst, is not included in
the resistance measurement.

NOTE 4 — The cores of IP00 transformers are considered to be

24.5 For class | transformers with external , the arrangement of
¢ horage and the terminals,
shall be such that the current-carrying fore the earthing conductor, if

the cord slips out of the cord anchorage.

25 Screws and connectiOns

25.1 Screwed connecti ) erwise, shall withstand the mechanical stresses
occurring in normal use

Screws transmittin
and have a nomina

Screws shall.no f insulating material if their replacement by a metal screw could impair
basic insulatien bet@een input and output circuit , supplementary insulation or reinforced
insulatiohy "neither shall screws which may be removed when replacing a power supply cord
be of-nsulating material if their replacement by a metal screw could impair basic insulation

Compliance is checked by inspection and, for screws and nuts transmitting contact pressure or
which are likely to be tightened by the user, by the following test.
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The screws or nuts are tightened and loosened:

— ten times for a screw in engagement with a thread of insulating material;
— five times for nuts and other screws.

Screws in engagement with a thread of insulating material are completely removed and re-
inserted each time.

When testing terminal screws and nuts, a flexible cable or cord of the largest cross-sectional
area specified in table 9 is placed in the terminal. It is repositioned before each tightening.

The test is made by means of a suitable test screwdriver, spanner or key,
shown in table 11, the appropriate column being:

applying a torgle as

a) for metal screws without heads, if the tightened scre
from the ROIE .......cooeeeeeeee e I NAR U N W /

b) for other metal screws and for NULS .................cccoeeeuieennne. IV W0 W N A I
c) for screws of insulating material:

— having a hexagonal head with the dimension a WX CE the overall thread
diameter, or

overall thread iamELEr ............cc. i N e e e e e e e e o3t te ettt e et e e et eenanas 11

s and connections

Torque

Nm
Il I
0,4 0,4
0,5 0,5
0,6 0,6
0,8 0,6
Q 1,2 0,6
nd including 4,7 0,8 1,8 0,9
to and including 5,3 0,8 2,0 1,0

up to and including 6,0 - 2,5 1,25

The~conductor is moved each time the screw or nut is loosened.

During the test, no damage impairing the further use of the screwed connections shall occur.

NOTE 1 — Screws or nuts which are likely to be tightened by the user include screws intended to be operated when
replacing power supply cords for type X attachment .

NOTE 2 — The shape of the blade of the test screwdriver shall suit the head of the screw to be tested. The screws
and nuts should not be tightened in jerks.

25.2 Screws in engagement with a thread of insulating material shall have a length of
engagement of at least 3 mm plus one-third of the nominal screw diameter or 8 mm, whichever
is shorter.
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Correct introduction of the screw into the screw hole or nut shall be ensured.

Compliance is checked by inspection and by the test of 25.1, the torque applied being,
however, increased to 1,2 times the torque specified.

NOTE - The requirement with regard to correct introduction is met if introduction of the screw in a slanting manner
is prevented, for example by guiding the screw by the part to be fixed, by a recess in the female thread, or by the
use of a screw with the leading thread removed.

25.3 Electrical connections shall be so designed that contact pressure is not transmitted
through insulating material other than ceramic or pure mica, unless there is sufficient resilienéy
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 f gnnection of
current-carrying parts, unless they clamp these parts directly in conta s other, and
are provided with a suitable means of locking.

Thread-cutting (self-tapping) screws shall not be used for i ent-carrying
parts unless they generate a full form standard machine sg \d/Such screws shall not,
however, be used if they are likely to be operated by the : )

25.6  Screwed glands shall comply with the following test:

Screwed glands shall be fitted with a cylindrical metal rod having a diameter equal to the
riearest whole number of millimetres below the internal diameter of the packing. The glands
Shall then be tightened by means of a suitable spanner, the force shown in table 12 being

TF N Y ) £ 4 : " IR Y V- £ ") N ) s 'l
appricu tu e sparirict 1or LTI dt a JUITTC 29U TTHTTTT TTUTTTUTE dATS UTIUIe yidrid.
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Table 12 — Torque test on glands

Force
Diameter of test rod Metal glands Glands of moulded
material
mm
N N
Uptoamd-mctudimg 172 25 15
Over 14 up to and including 20 30 20
Over 20 40 30

After the test, the transformer and the glands shall show no damage.

26.1 Creepage distances , clearances and distances thro
the values shown in table 13, which are for insulating materis

Where layers of
are determined as if

e value for creepage distances and clearances
d through the different layers.

NOTE 5 — Diagrams sho A,\ omeNe
given in anAexpP.

NOTE 7 — Table .1 and table D.1 take into consideration overvoltages category Il for basic insulation
and overvoltages,category Ml for double or reinforced insulation

Values Aot printed wiring, where failure may cause a hazard in the sense of this standard, shall
be thensame as unreduced values for live parts as in table 13, table C.1 and table D.1, except
if thesprinted wiring complies with the requirements of IEC 60664-3.

If the pollution generates high and persistent conductivity caused, for instance, by conductive

dust or by rain or snow, the creepage distances and clearances, as given for pollution
degree 3, shall be further increased with a minimum clearance of 1,6 mm and a value of X in
annex A of 4,0 mm.
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26.2 Creepage distances (cr)

For windings which are covered with an adhesive bonding tape which adheres to the flanges
of a coil former, the values of creepage distances are considered along the bonded surface of
the adhesive bonding tape and the values are those stated for pollution degree 1 (P1),
provided that all insulating materials are classified according to IEC 60085 and IEC 60216.

\Wihora an inculatinn haoveiny ~oncictina Af o inonmantad auchad Aan o rtition vuall o iond

Ww-Refre—ar—HStHateh—eatHes COTToSTotT g ool T o rceTreT et 'JUUII\.'U O Pttt ot vva - 1o o oTUy

creepage distances are measured through the joint. If the joint is covered by an adhesive
bonding tape, in accordance with IEC 60454, 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.

For transformers which are declared to have parts cemented (stuck) tother enclosed or

made by the use of impregnation, potting, or by the use of
windings, provided that the tests of 4.1.1.2.1 of IEC 60664

1h at 25°C + &
2h at 0

vdltage of twice the value of the working voltage at 50 Hz
ens between the windings where the reduced values apply.

One ofthe'three specimens is subjected to the relevant dielectric strength test of 18.3, which is
made—at a voltage multiplied by the factor 1,25, immediately at the end of the last period at
highest temperature during the thermal cycling test.

B) To _check whether the parts _are cemented (stuck) together, three specially prepared

specimens, where winding wires are replaced by uninsulated wires without any
impregnation or potting, are required. The windings have to be made in such a way that
there is no possible flashover between input and output windings anywhere other than in
the cemented joint to be tested.
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The specimens are subjected 10 times to the following sequence of temperature cycles:
68 h at the highest winding temperature +2 °C measured in normal use plus 10 K with a
minimum of 85 °C
l1h at 25°C+2°C
2h at 0°C+2°C
l1h at 25°C+2°C

Two of the three specimens are then subjected to the humidity treatment of 17.2 (48
treatment) and the relevant dielectric strength test of 18.3; however, the test voltage is
multiplied by 1,6.

and D.1 may be used, prowded that the insulatior hin skeetNorm and consists of at Ieast
) ara e or separable, each layer
I 0

Mandrel test

Three separate h ets of 70 mm width shall be supplied by the
manufacturer.

its final position, it~cgvers the edges upon which the specimen is lying by at least 10 mm. The
specimenis-submitted to a pull of 150 N at its free end by an appropriate clamping device.

The\specimen shall be slowly rotated forwards and backwards three times by 230° without
jerks. If the specimen breaks at the clamping device during the rotation, the test is repeated. If
osfie or more specimens break at any other place, the test is not fulfilled. While the mandrel is in

lff‘ 'ﬁnal pno:flnn |nnflﬁ:n flﬂa m:nuh:a Fnllnln/lnn fha 'Flnal pno:hnn:ng a—test llnl'l'ana nf E 5 I\/ lo

applied, as described in 18.3, between the mandrel and the metal foil.

No flashover or breakdown shall occur during the test;, corona effects and similar phenomena
being disregarded.
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The figures within square brackets in boxes 2 and 7 of table 13, table C.1 and table D.1 are
used as follows:

— for transformers having a rated output greater than 100 VA, the figures in square
brackets apply;

— for transformers having a rated output of 25 VA up to and including 100 VA, the figures
in square brackets may be reduced to two-thirds of their value;

£ " £ L H P | - " £l ) O N LA &l £ H 1 1 &
— U uartoturimcTs Tiavilly a TaltU UULPULl  UTTITo S UIall 2o VA, UIT TIyUuTtTo 1T oyuartc Uraticilio

may be reduced to one-third of their value.

Smaller distances through the insulation may be used if it can be shown by the test of 14.3 that
the materials have adequate mechanical strength and are resistant to ageing.

The requirements concerning distance through insulation do not imy e prescrlbed
distance shall be through solid insulation only. It may consist of a thi
plus one or more air layers.

Where serrated tape is used as insulation, it is assumed S ! 3f the different
layers will coincide. For distance through insulation, the r
and table D.1 may be used if one additional layer of
without serration, covering the location of the serration

@
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Jable 13 — Creepage distances (cr), clearances (cl) and distances through insulation (dti)
Material group llla (175 <CTI <400)

yl/:)oNon degree 1 P2 = pollution degree 2 P3 = pollution degree 3

/ Working voltages?)
{bﬁasurement v
Other than 225
. . through
Type of insulati inding <50 100 150 300 600 1000
/Z&mel
/ P}/ 92{ /F/Z P3 cl cr cl cr cl cr cl cr cl cr cl cr
1) Insulation between |a) Crdepage distances and clearances X 0,2 1,2 0,5 1.4 15 1.6 3,0 3|0 55 6,0 8,0 | 10,0
input and output betwegn live parts of input circuits and / X 0,8 1,9 0,8 2,2 15 2,5 3,0 47 55 9,5 8,0 | 16,0
circuits live parts of output circuits )4\ 12 (02 |14 )05 | 16 | 15 ( 3/0 [ 3,0 | 6,0 | 55 | 10,0
(basic insulation) /_\ 0,8 1,9 0,8 2,2 0,8 2,5 1,5 417 3,0 9,5 5,5 16,0
Reduckd values, see 26.2 (P1) ’) - 0,18 - 0,25 - 0,3 - 0|7 - 1,7 - 3,2
< C// >ti dti dti dti dti dti
b) Disftances through insulation between X X % No requirements of thickress
input pr output circuits and an earthed
metal creen (\
c) Distances through insulation between X X X \/f /\) No requirements of thickress
input @nd output circuits Jan A
2) Insulation between a) Crgepage distances and clearances X 3,0 3,0 55 6]0 8,0 | 12,0 | 14,0 | 20,0
input and output circuits | betwegn live parts of input circuits and X 3,0 4,7 5,5 915 8,0 | 19,2 | 14,0 | 32,0
(double or reinforced live palrts of output circuits X 5 30| 30 [ 60| 55 (120 | 80 (200
insulation) X 1, 4,7 3,0 9|5 5,5 19,2 8,0 32,0
Reduckd values, see 26.2 (P1) / 0,7 - 117 - 4,0 - 7,5
b) Distlances through insulation between ti dti dti dti
input pr output circuits and an earthed
metal Bcreen, see 26.3 X X X X 0.2 0.5 0.7 1.0
[0,08]7) [0,16]7 [0,19]7 [0,25]7)
c) Distances through insulation between X X X X 0,549 1,04 1,54 2,09
input and output circuits, see 26.3 [0,15]% [0,3]® [0,4]1® [0,51®
_6) _6) _6) _6)

For notes, see page 157

Dimensions in millimetres

8661:1V+.66L:031 @ L-8GG19
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Table 13 (continued)

Working voltages 2)

Measurement
\%
Through Other than 225
. 7 winding through
Type of insulatio endmal ) winding <50 100 150 300 600 1 000
> enamel
? /PS-—;- P2 P3 cl cr cl cr cl cr cl cr cl cr cl cr
3) Insulation between | Creepdge distances and cleatan€es < 02 |12 02|14 021605 ]3lo]15]60]30] 10
adjacent input circuits X 0,8 1,9 0,8 2,2 0,8 3,1 0,8 4|7 1,5 9,5 3,0 16
or insulation between
adjacent output
e 3)
circuits A
Reducpd values see 26.2 (P1) / / /\ 0,18 - 0,25 - 0,3 - 0|7 - 1,7 - 3,2
4) Creepage distances )/
zgfwgsﬁrg’:fnff]als a) Uplto and including 6 A X 7x 3,0 3.6 4,0 6.0 9,0 12,5
for the connection A
of external cables and ] ) \ -
cords excluding those b) Over 6 A up to and including 16 A X X 5, 6,0 7,0 10,0 13,0 16,0
between screw terminals )
for input and for \/
output circuits c) Ovgr 16 A X | x | x /*e,@ > 11,0 12,0 14,0 17,0 20,0
5) Basic or supple - Betwegn: g:>
mentary insulation a) livg parts of different polarity X 0, 1, 5 1,5 1,6 3,0 3|0 5,5 6,0 8,0 | 10,0
b) livg parts and the body if intended to
be connected to protective earth X 0, 1,9 2, 5 2,5 3,0 417 5,5 9,5 8,0 | 16,0
c) acdessible metal parts and a metal rod
of the pame diameter as the flexible cable X 0,2 2 ; ; 1,6 1,5 2|9 3,0 6,0 55 | 10,0
or cord (or metal foil wrapped around the
cord) ipserted inside inlet bushing, X 0,8 1,9 8 /24/ 0.8 12, 1,5 | 47 | 3,0 | 95 | 55 | 16,0
anchofage and the like
d) livg parts and an intermediate metal part
e) an |ntermediate metal part and the body
Reduckd values, see 26.2 (P1) - 0,18 - 0,25 - 0,3 - 0|7 - 1,7 - 3,2

For notes, see page 157

Dimensions in millimetres

8661:1V+.66L:031 @ L-8GG19
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Table 13 (concluded)

Working voltages 2)
Measurement
\%
Through Other than 225
) / winding through
Type of insulatio enamal 1) winding <50 100 150 300 600 1000
> enamel
P} > P2 P3 cl cr cl cr cl cr cl cr cl cr cl cr
6) Reinforced or Betwegn the body and live pav 0,5 1,4 1,5 2 3,0 3,0 5,5 6/0 8,0 | 12,0 | 14,0 | 20,0
double insulation X 0,8 2,2 1,5 3,2 3,0 4,7 55 9|5 8,0 | 19,2 | 14,0 | 32,0
X 0,2 1,4 0,5 2 1,5 3,0 3,0 6/0 5,5 12,0 8,0 20,0
/ 0,8 2,2 0,8 3,2 1,5 4,7 3,0 9|5 55 | 19,2 | 8,0 | 32,0
Betwegn body and live parts of the }X X 0,2 1,4 0,2 2 0,5 3,0 1,5 6|0 3,0 | 12,0 ( 5,5 | 20,0
output|circuit if protected by additional / X 0 2,2 0,8 3,2 0,8 4,7 1,5 9|5 3,0 (19,2 | 55 | 32,0
provisions against transient voltages /\
Reducpd values, see 26.2 (P1) / - / 0,25 - 0,4 - 0,7 - 117 - 4,0 - 7,5
a) Bagic® X X / /X No requirement of thicknpss
7) Distance through dti dti dti dti dti dti
insulation (excluding |y sypplementary 8 X X Q//% 14 0,154 0,254 0,54 0,754 1,09
insulation betwegn in- [0,05]5) [0,05]%) [0,08]%) [0,15]5 [0,20]3) [0,25]5)
put and output circuit) 6) _6) _6) _6) _6) _6)
c) Reinforced X X X X 0,34 0,54 1,04 1,54 2,04
(059 49 | o5 | 03P [0.419 (0519
N _6) _V\ _6) _6) _6) _6)
NOTES \/ / Dimensions in millimetres
1) Measurement through windipg wire enamel if the winding wire complies at least with grade 1 of IEC 60317.
2) Values of creepage distancgs and clearances and distances through insulation may be found for intermediate S by interpdlation between the values in
the table. No values are reqpired for working voltages below 25 V as the voltage test of table 8 is consideredsuffiCie
3) These values do not apply:
- inside each winding orl between groups of windings intended to be permanently connected together, provide t the indings to Be connected together are at

4)
5)
6)
7)
8)

9)
10)

the same potential,

- where the working vol
series or parallel arrangems
For solid insulation.
In the case of insulation corj
In the case of insulation cor]
In the case of insulation corj
When double insulation is
or via metal parts.

When the layers of insulatio}

age does not exceed 300 V and the winding wires comply at least with grade 1 of IEC 603
nt (e.g. input voltage 110/220 V).

e/windings are in

sisting of three layers.
sisting of two separate layers (no glued layers are allowed in this case) and each layer passes the mandrel test/of 26.3 at 3
sisting of two layers.

required between input and output windings , the total thickness through insulation shall be the same as shown in_box 2

h are made of turns of insulating tape, the winding of the tape should be such that at every place there is at least the requi

When a number is replaced

by a dash in a column of the table it means that no value is required.

tended to be connected in a

voltage of 5,5 kV.
) whether measured directly

ed number of layers.

8661:1'V+.66L:031® L-89G19
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27 Resistance to heat, abnormal heat, fire and tracking

27.1 External accessible parts of insulating material, of which the deterioration might cause
the transformer to become unsafe, shall be resistant to heat.

Compliance is checked by subjecting enclosures and other external parts of insulating

matarial tn o hall nraccrira tact by maoanc nftha anpnaratiic chowapn in finiira O
ottt rot—to—c oot pPreSStHe-—tE S0y~ HEa1S—OtHEapporataS—SHOvWHA—1Hgot€e-—o

The surface of the part to be tested is placed in a horizontal position and a steel ball of 5 mm
diameter is pressed against this surface with a force of 20 N.

The test is made in a heating cabinet at a temperature of (70 + 2) °C, 5 pmperature of
(40 + 6 +2) °C, where 0 is the temperature rise of the relevant part d¢ ] g the test
of 14.2, whichever is the higher.

After 1 h the ball is removed from the specimen, which is thé thin 10 s, to
approximately ambient temperature by immersion in cold wa
NOTE — The test is not made on parts of ceramic material.

27.2  External accessible parts of insulating
of fire.

Only one ‘specimen is tested. In case of doubt concerning the results, the test is repeated on
two further specimens, both of which shall pass the test.

27.3 Parts of insulating material within the transformer enclosure of transformers of 1P20 or
higher shall not act as a source of ignition for the surroundings, even in the case of abnormal

heat-orfire-caused-by-afauli-inthe-transformer

Compliance is checked by the tests of 27.3.1 and 27.3.2.
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For this test two additional specially prepared specimens are necessary in which short-circuit
winding(s) is/are built in, or can be caused from the outside by brought out leads.

The short circuit shall be chosen so that the unloaded transformer is supplied with 1,06 times
the rated input voltage at ambient temperature, and that the input power (watt) is equal to the
value of the rated output . Tolerance is £20 %. The percentage of turns to be short-circuited is
approximately equal to the short-circuit voltage expressed as a percentage of the rated
supply voltage . The short circuit is made in the middle of the windings. In one sample the

short circuit is applied to the input winding, and in the other sample on the output winding . If
there is more than one winding, the short circuit is applied simultaneously to either all input
windings or all output windings . During the test no adjustment is admitted.

This test is not carried out on transformers already covered by 15.5.

27.3.1 Portable transformers are placed on a dull black pajrite
described in 14.2.

15 days but without load. all~be & definitive interruption in the circuit. If no
definitive interruption a 2T ] he supply is switched off.

During the tést'no~flaies shall occur, and the transformer shall not act as a source of ignition
for the surroeundings. The temperature of the support shall not exceed 125 °C. If stationary
transformers are placed in a vertical position or on the ceiling, burning drops, if any, shall not
ignité the tissue paper or scorch the pinewood board.
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27.3.2 After the test of 27.3.1 and after cooling down to ambient temperature, the following
applies.

a) Transformers where a definitive interruption in the input circuit has occurred shall
withstand a dielectric strength test, the test voltage being 35 % of the values according to
table 8 of clause 18.

b) Transformers where no definitive interruption has occurred after the cycling test shall
withstand the test voltages according to table 8 of clause 18.

The transformer shall show no holes allowing the standard test finger to touch hazardous live

parts without appreciable force. In case of doubt, contact with hazardous live parts is shown
by means of an electrical contact indicator, the voltage being not less than 40 V. Ifyone
specimen does not pass the test, the complete test has failed.

27.4  Parts of insulating material retaining current carrying parts in pgQ resistant

to abnormal heat and to fire.

Compliance is checked by the following test.

In addition, parts of insulating material re
current of more than 0,5 A during no

fallen.

28 Re

Ferrous parts;-the
adequately protected

ing of which might cause the transformer to become unsafe, shall be
against rusting.

NOTE,~This requirement applies to the outer surfaces of iron cores, but in that case protection by a coating of
varnish.is deemed to be adequate.

Cempliance is checked by inspection and, in case of doubt, by the following test.
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All grease is removed from the parts to be tested by immersion in trichloroethane for 10 min.
The parts are then immersed for 10 min in a 10 % solution of ammonium chloride in water at a
temperature of (20 + 5) °C. Without drying, but after shaking off any drops, the parts are placed
for 10 min in a box containing air saturated with moisture at a temperature of (20 + 5) °C.

After all the parts have been dried for 10 min in a heating cabinet at a temperature of
(100 £ 5) °C; their surfaces shall show no signs of rust.

NOTE 1 — This requirement applies to the outer surfaces of iron cores, but in that case protection by a coating of
varnish is deemed to be adequate.

NOTE 2 — Traces of rust on sharp edges and any yellowish film removable by rubbing are ignored.

@%
&



https://iecnorm.com/api/?name=8620c574fb7c854999b5619ae855882f

— 166 - 61558-1 © CEI:1997+A.1:1998

300 mm -
AT
Peint
;//// en noir mat
L~ Dull black
: ; <é painted
?Smm 2
/l‘* 4 Boite
f\ / A Box
- + -
NI Z
o
Contreplaqué
va:oozqsi‘/x 5
=t—20 mm
§ i:ﬁ
7
@[\\\\X NN
Section A-A
A IEC 058/97

S

oun s 5Q-type trapsformer (see 5.10)

Figure 1 —

9,



https://iecnorm.com/api/?name=8620c574fb7c854999b5619ae855882f

61558-1 © IEC:1997+A.1:1998 - 167 -

375 0
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<2 50
444/89
Material: metal, except where otherwise specified
Linear dimensions in millimetres
Tolerances on dimensions without specific tolerance:
on angles: 0/-10'
on linear dimensions:
- upto25mm: ..
— over 25 mm: +0,2
Both joints shall permit movement in the same plane
and the same direction through an angle of 90° with a
0 to +10° tolerance.
Figure 2 —

Standard test finger (see 9.2, 15.5.2 and IEC 61032 test probe B)
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Figure 3 — |

Test pin (see 9.2 and IEC 61032 test probe 18

| Direction du mouvement
de la broche

! Direction of movement

| of pin

Echantitlon a I'essai
pecimen under test IEC 059/97

NOTE —

The pinlisia ane ABCD which is perpendicular to the specimen under test.

Figure 4 —
Abrasion resistance test for insulating coated layers
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Figure 5 —.
Ball-pressure apparatus (see 27.1
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Side view
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Matériau: acier revétu de nickel ou laiton
Material: steel nickel plated or brass

. IEC 060/97
Figure 6a -
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N —— Metal foil
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Fixing system
\ 1N
\/
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Position of mandrel IEC 061/97
-
Feuille métallique
Metal foil
Matériau isolant _|
Insulating material
]
20 30 20
o
IEC 062/97

Figure 6¢ -
Position of metal foil on paper

Figure 6 —

Test arrangement for checking mechanical withstanding of insulating
materials in thin sheet layers (see 26.3)
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Plaque support
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Adjustable
carrier plate
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Adjustable
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101/82

ureNy~
Flexing test apparatus (see 22.9.4)
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Annex A
(normative)

Measurement of creepage distances and clearances

The width X of grooves specified in examples.1
to 10 apply to all examples as a function af the
pollution degree as follows:

Pollution
degree

assSo

e minimum grsgve Wid ay be reduced to one-third

Mmethads of measuring creepage
es and clearances are indicated in the

Qdiffe entiate between gaps and grooves or
een types of insulation.
Q The following assumptions are made:
— any recess is assumed to be bridged
with an insulating link having a length
equal to the specified width X and being
placed in the most unfavourable position

(see example 3);

— Wwhere the distance across a groove is
equal to or larger than the specified width
X, the creepage distance s measured
along the contours of the groove (see
example 2);

— creepage distances and clearances,
measured  between ’r_*mrfc which can

assume different positions in relation to
each other, are measured when these
parts are in their most unfavourable
position.
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Example 1

12781

Condition: Path under consideration includes a parallel
or converging sided groeye of any-depth with
a width of less thaf X mm:

Condition: Path under consideration includes a parallel

sided groove of any depth and equal to or
more than X mm wide.

Rule: Clearance is the "line of sight" distance.
Creepage path follows the contour of the
groove.

————— .
Clearance Creepage distance
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Example 3

12981

Condition: Path under consfderation includes a V-

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.

————— .
Clearance Creepage distance
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Example 5
< Xmm < Xmm
IO,

13281

Condition: Path under consideration includes an
uncemented joifit) with grosyes less than

Rule: q distancek arance path is

Example

~ 13381

Condition: Path under consideration includes an
uncemented joint with grooves equal to or
more than X mm wide on each side.

Rule: Clearance path is the "line of sight" distance.
Creepage follows the contour of the groove.

Clearance Creepage distance
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Example 7
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< Xmm

———I——

134781

Condition: Path

under cqnsideratio inclides an

13581

Condition: Creepage distance through the joint is

Rule:

less than creepage distance over the
barrier.

Clearance is the shortest direct air path
over the top of the rib. Creepage distance
follows the contour of the barrier through
the groove.

Clearance

.
Creepage distance
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Example 9

Y
A

= X mm

df
T

H||l

o |

5
— ——
— — 13781

Gap between head of screw and wall of recess wide
enough to be taken into account.

————— .
Creepage distance

Clearance
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Annex B
(normative)

Testing a series of transformers

The prescriptions of this annex are intended to facilitate the testing of a series of transformers.

B.1 If a series of transformers is to be tested, the number of samples to be tested may be
reduced.

Transformers can be considered as a series if:

part 2;
b) they are of the same construction, implying that:

4) the same type of protection
thermal cut-out , etc.),

Variations in the\fol
in all other resg

B.2 The number
above shallhbe:

Samples needed in case of testing a series of transformers as defined

a).for parameters 1) 2) and 3): two samples minimum and not more than four, chosen in
arder to be sure that they represent the most unfavourable situation in the family to be
tested;

NOTEL 1 ITh ol bawld b 2% elinct th fallavaiano il
1B A~ —a t

eE-SahpPreS—Sothrtv9et-E€nRoSE it coragtotReTomowWiRg eSS

— 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;
— 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 alternative should be used.
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b) for parameter 4): one sample of the lowest frequency and, in case of doubt, one sample
of the highest frequency within the range;

NOTE 2 — If possible, the sample may be the second sample chosen for parameters 1), 2) and 3).
c) for parameter 5): two samples minimum, taken from the extremities of the range.
NOTE 3 — The samples should be chosen according to the following rules:

— one of the lowest rated output with the highest difference in percentage between the value of the current
of the transformer and the value of the current of the relevant protective device, if any;

— one of the highest rated output with the highest difference in percentage between the value of the
current of the transformer and the value of the current of the relevant protective device, if any;

— one sample representing the most unfavourable condition of the temperature of winding and core;

— one sample representing the most unfavourable condition of the temperature rise of the enclosufen.

acturer shall
be shall be

— the test of 16.4 where only thr
heaviest type being chosen.
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Table)C,1 — Cree

Annex C
(normative)

e distances (cr), clearances (cl) and distances through insulation (dti)
Material group Il (400 <CTI <600)

P/@n degree 1 P2 = pollution degree 2 P3 = pollution degree 3

r .
Q Working voltages 2)
/X easurement v
Y A— 4
Other than 225
. . thraugh
Type of insulation wifding <50 100 150 300 600 1 000
enamel
PA P3 cl cr cl cr cl cr cl cr cl cr cl cr
1) Insulation between |a) Crdepage distances and clearances \, 0 0,85 0,5 1,0 1,5 1,5 3,0 3|0 5,5 5,5 8,0 8,0
input and output betweg¢n live parts of input circuits and f% ,8 1,7 0,8 2,0 1,5 2,2 3,0 4|2 5,5 8,6 8,0 | 14,0
circuits live pajrts of output circuits 0, 08 (02 (10 (05| 11| 15 | 21 (30 43| 55|71
(basic insulation) ’) 8 1,7 0,8 2,0 0,8 2,2 1,5 4|2 3,0 8,6 5,5 | 14,0
Reduckd values, 26.2 (P1) C// - 0,18 - 0,25 - 0,3 - 0|7 - 1,7 - 3,2
dy dti dti dti dti dti
A\/
b) Disftances through insulation between X X —<</ X No requirements of thickrless
input pr output circuits and an earthed \/
metal gcreen A
c) Distances through insulation between X X X X O No requirements of thickrless
input @nd output circuits
2) Insulation between a) Crdepage distances and clearances X 3,0 3,0 5,5 5|5 8,0 8,6 | 14,0 | 14,0
input and output circuits | betwegn live parts of input circuits and X N 4,2 5,5 8|6 8,0 | 17,2 | 14,0 | 28,0
(double or reinforced live parts of output circuits X / 20 | 30 | 43 | 55| 86 | 80 | 14,0
insulation) X )/{\ 4,2 3,0 8|6 5,5 17,2 8,0 28,0
Reduckd values, see 26.2 (P1) N 0,% - 117 - 4,0 - 7,5
b) Distlances through insulation between dti dti dti dti
input pr output circuits and an earthed
metal Bcreen, see 26.3 X X X X 25 0.5 0.7 1.0
0,08} [0,16]7 [0,19]M [0,25]7)
c) Distances through insulation between X X X X 0,54 1,04 1,54 2,09
input and output circuits, see 26.3 [0,15]%) {0,3]® [0,4]1® [0,51®
_6) ~.6) _6) _6)

For notes, see page 187

Dimensions in millimetres

8661:1V+.661:031 @ L-89G19
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Table C.1 (continued)

Working voltages 2)

Measurement
Through Other than 225
. : winding through
Type of insulation enamel 1) winding <50 100 150 300 600 1000
A enamel
/ /P\{ P3 P2 P3 cl cr cl cr cl cr cl cr cl cr cl cr
3) Insulation between |Creepgge distances and cleafance / X 0,2 10,85 | 0,2 1,0 0,2 1,1 0,5 2 1,5 4,3 3,0 7,1
adjacent input circuits X 0,8 1,7 0,8 2,0 0,8 2,2 0,8 4 1,5 8,6 3,0 | 14,0
or insulation between
adjacent output
circuits 3)
Reducpd values see 26.2 (P1) } /“ ) - 0,18 - 0,25 - 0,3 - 0 - 1,7 - 3,2
4) Creepage distances N /
and clearances a) Up|to and including 6 A fﬂ 0 3,6 4,0 6,0 9,0 12,5
between terminals
for the connection 7
of external cables and , _ {(_//
cords excluding those b) Over 6 A up to and including 16 A X X 6,0 7,0 10,0 13,0 16,0
between screw terminals —
for input and for v
output circuits c) Ovegr 16 A X X A 10@ 11,0 12,0 14,0 17,0 20,0
5) Basic or supple - Between: / 7/
mentary insulation a) livg parts of different polarity X O|€:>0|9 0 1,0 1,5 1,5 3,0 3 55 55 8,0 8,0
b) livg parts and the body if intended to
be connected to protective earth X ; f 0, 2,0 1,5 2,2 3,0 4 5,5 8,6 8,0 | 14,0
c) acdessible metal parts and metal rod
of the pame diameter as the flexible cable X 0,2 0, 0,2 1 03 11 1,5 2 3,0 4,3 5,5 7,1
or cord (or metal foil wrapped around the
cord) ihserted inside inlet bushing, X 0,8 1, 0 2,0 /0/{\ 2,2 1,5 4 3,0 8,6 55 | 14,0
ancholage and the like / 1
d) livg parts and an intermediate metal part
e) an |ntermediate metal part and the body
Reducpd values, see 26.2 (P1) - 0,03 - , ~ /6,24 - 0 - 1,7 - 3,2

For notes, see page 187

Dimensions in millimetres

8661:1V+.66L:031 @ L-8GG19

-G8l —


https://iecnorm.com/api/?name=8620c574fb7c854999b5619ae855882f

Table C.1 (concluded)

Working voltages 2)
Measurement
\%
Through Other than 225
) ) winding through
Type of insulatign enamel 1) winding <50 100 150 300 600 1000
enamel
/ P x P3 P2 P3 cl cr cl cr cl cr cl cr cl cr cl cr
¥
6) Reinforced or Betwegn the body and live parts /\7 X 0,5 1,0 1,5 1,5 3,0 3,0 5,5 5|5 8,0 8,6 | 14,0 | 14,0
double insulation X 0,8 2,0 1,5 3,0 3,0 4,2 55 8|6 8,0 | 17,2 | 14,0 | 28,0
0,2 1,0 0,5 1,5 1,5 2,1 3,0 413 5,5 8,6 8,0 14,0
0,8 2,0 0,8 3,0 1,5 4,2 3,0 8|6 55 | 17,2 | 8,0 | 28,0
Betwegn body and live parts of the
output|circuit if protected by additional X X 0,2 1,0 0,2 15 0,5 2,1 1,5 4|3 3,0 8,6 5,5 | 14,0
provisions against transient voltages f X 0,8 2,0 0,8 3,0 0,8 4,2 1,5 8|6 3,0 | 17,2 | 5,5 | 28,0
Reducpd values, see 26.2 (P1) < /\ - 0,25 - 0,4 - 0,7 - 117 - 4,0 - 7,5
14
a) Bagic® X X X ’7X No requirement of thickngss
7) Distance through [ (A dti dti di dti dti
insulation (excluding |y sypplementary 8 X x \J X 0,14 0,154 0,254 0,54 0,754 1,09
insulation between in- 5 [0,05]5) [0,08]5) [0,15]5 [0,20]5) [0,25]5)
put and output circuit) _ _ _6) _6) _6) _6)
c) Reinforced X X X \//( 0, 0,34 0,54 1,09 1,54 2,04
(011> AR [0,15]%) [0,3]9 [0,4]9 [0,5]9
&7 _ _6) _6) _6) _6)

NOTES

1
2)

3)

4)
5)
6)
7)
8)

9)

10) When a number is replaced

Measurement through windi
Values of creepage distancg
the table. No values are req
These values do not apply:
- inside each winding or
the same potential,

- where the working vol
series or parallel arrangems
For solid insulation.

In the case of insulation cor]
In the case of insulation corj
In the case of insulation cor]
When double insulation is
or via metal parts.

When the layers of insulatio)

hg wire enamel if the winding wire complies at least with grade 1 of IE?(;K{/

s and clearances and distances through insulation may be found for intermedjate val
ired for working voltages below 25 V as the voltage test of table 8 is considefed s i

ing\voltages by interpd

nt (e.g. input voltage 110/220 V).

sisting of three layers.
sisting of two separate layers (no glued layers are allowed in this case) and each layer passes the
sisting of two layers.

required between input and output windings , the total thickness through insulation shall be the same as shown in.box 2

wandrel test of 26.3 at 4

h are made of turns of insulating tape, the winding of the tape should be such that at every place there is at least thelrequir
by a dash in a column of the table it means that no value is required.

Dimensions in millimetres

lation between the values in

e connected together are at

tended to be connected in a

voltage of 5,5 kV.
) whether measured directly

ed number of layers.

8661:1'V+.66L:031 ® L-85G19
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TableyD,1 — Cree

Annex D

(normative)

P Mn degree 1 P2 = pollution degree 2 P3 = pollution degree 3

e distances (cr), clearances (cl) and distances through insulation (dti)
Material group | (CTI 2600)

7 /\> Working voltages 2)
easurement v
 Other than 225
Type of insulation i OL’igg <50 100 150 300 600 1 000
amel
/ ZFLR P3 cl cr cl cr cl cr cl cr cl cr cl cr
1) Insulation between |a) Crdepage distances and clearances X 0,2 0,6 0,5 0,7 15 15 3,0 3|0 55 55 8,0 8,0
input and output betwegn live parts of input circuits and X 0 1,5 0,8 1,8 1,5 2,0 3,0 3|9 5,5 7,7 8,0 | 12,5
circuits live pafts of output circuits 2 0,6 0,2 0,7 0,5 0,8 1,5 115 3,0 3,0 5,5 5,5
(basic insulation) 05/ 1,5 0,8 1,8 0,8 2,0 1,5 3|9 3,0 7,7 5 12,5
Reduckd values, 26.2 (P1) ) - 0,18 - 0,25 - 0,3 - 0|7 - 1,7 - 3,2
(L i dti dti dti dti dti
b) Disftances through insulation between % No requirements of thickrless
input or output circuits and an earthed
metal creen (—\
c) Disfances through insulation between X \//( No requirements of thickrless
input @nd output circuits /\
2) Insulation between a) Crdepage distances and clearances X 3,0 3,0 5,5 5|5 8,0 8,0 | 14,0 | 14,0
input and output circuits | betwegn live parts of input circuits and X 3,0 3,9 55 7\7 8,0 16,0 | 14,0 | 25,0
(double or reinforced live pgrts of output circuits 1,5 1,5 3,0 3|0 55 6,0 8,0 | 10,0
insulation) /I\Q 39 | 30| 7|7 | 55 | 16,0 | 8,0 | 25,0
Reduckd values, see 26.2 (P1) = 0,7 - 117 - 4,0 - 7,5
b) Disftances through insulation between dti dti dti
input pr output circuits and an earthed \
metal gcreen, see 26.3 X X /25 0,5 0,7 1,0
,08 [0,16]7 [0,19]7 [0,25]7
c) Distances through insulation between X X 54) 1,04 1,54 2,04
input &and output circuits, see 26.3 0,15]°) [0,3]®) [0,41® [0,51®
_6) _6) _6) —6)

For notes, see page 193

Dimensions in millimetres
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Table D.1 (continued)

Working voltages 2)

Measurement
\%
Through Other than 225
. > winding through
Type of insulatjon enamel winding <50 100 150 300 600 1000
A enamel
/ /P\{ P3 P2 P3 cl cr cl cr cl cr cl cr cl cr cl cr
3) Insulation between |[Creepage distances and cleafance / X 0,2 0,6 0,2 0,7 0,2 0,8 0,5 1 1,5 3,0 3,0 5,0
adjacent input circuits X 0,8 1,5 0,8 1,8 0,8 2,0 0,8 3 1,5 7,7 3,0 | 12,5
or insulation between
adjacent output
circuits 3)
Reducpd values see 26.2 (P1) } /“ ) - 0,18 - 0,25 - 0,3 - 0 - 1,7 - 3,2
4) Creepage distances |a) Up|to and including 6 A ™ X L / 3,6 4,0 6,0 9,0 12,5
and clearances
between terminals
for the connection 7
of external cables and  |1) oygr 6 A up to and including 16 A X X & A x 0 6,0 7,0 10,0 13,0 16,0
cords excluding those
between screw terminals —
for input and for 1o,
- an c) Ovér 16 A X X X 1 11,0 12,0 14,0 17,0 20,0
output circuits
5) Basic or supple - Between: /“\)
mentary insulation a) livg parts of different polarity X O,Cj),G 3,0 3 5,5 5,5 8,0 8,0
b) livg parts and the body if intended to
be connected to protective earth X X 3,0 3 5,5 7,7 8,0 | 12,5
c) acdessible metal parts and metal rod
of the pame diameter as the flexible cable 0,2 0, 1,5 1 3,0 3,0 5,5 5,5
or cord (or metal foil wrapped around the
cord) ipserted inside inlet bushing, X 0,8 1 1,5 3 3,0 7,7 55 | 12,5
anchofage and the like
d) livg parts and an intermediate metal part
e) an |ntermediate metal part and the body
Reducpd values, see 26.2 (P1) - 0,03 - 0 - 1,7 - 3,2

For notes, see page 193

Dimensions in millimetres
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Table D.1 (concluded)

Working voltages 2)

M t
easuremen y
Through Other than 225
. : winding through
Type of insulation enamel 1) winding <50 100 150 300 600 1 000
A enamel
/ /P\{ P3 P2 P3 cl cr cl cr cl cr cl cr cl cr cl cr
6) Reinforced or Between the body and live parts 0,5 0,7 1,5 1,5 3,0 3,0 5,5 5|5 8,0 8,0 14,0 | 14,0
double insulation X 0,8 1,8 1,5 2,5 3,0 3,9 55 7\7 8,0 16,0 | 14,0 | 25,0
0,2 0,7 0,5 1,0 15 15 3,0 3|0 55 6,0 8,0 | 10,0
A 0,8 1,8 0,8 2,5 1,5 3,9 3,0 7\7 5,5 16,0 8,0 25,0
Between body and live parts of the
output|circuit if protected by additional X X 0,2 0,7 0,2 1,0 0,5 1,5 1,5 0 3,0 6,0 5,5 | 10,0
provisions against transient voltages X 0/8\ 1,8 0,8 2,5 0,5 3,9 15 77 3,0 | 16,0 | 5,5 | 25,0
Reducpd values, see 26.2 (P1) ’ \/ - 0,25 - 0,4 - 0,7 - 117 - 4,0 - 7,5
a) Bagic® X / X 7X No requirement of thickngss
V . . . . . .
7) Distance through ( <—/ )—'\ dti dti dti dti dti
insulation (excluding |y gypplementary 8 X X 0,14 0,154 0,254 0,54 0,754 1,09
insulation between in- [o* [0,05]%) [0,08]5) [0,15]5 [0,2019 [0,25]®)
put and output circuit) _ _6) _6) _6) _6) _6)
¢) Reinforced X X X X 072 1,54 2,09
[0.4]% [0,5]%
_6) —6)

NOTES

1)
2)

3)

4)
5)
6)
7)
8)

9)
10)

Measurement through windi
Values of creepage distancg
the table. No values are req
These values do not apply:

— inside each winding or K
the same potential,

— where the working volta
series or parallel arrangems
For solid insulation.

In the case of insulation cor
In the case of insulation corj
In the case of insulation cor
When double insulation is
or via metal parts.

When the layers of insulatio

34 0,54 1,04
/éyﬂ [0,15] [0,3]9
_6) _6)

pired for working voltages below 25 V as the voltage test of table 8 is considefed s

nt (e.g. input voltage 110/220 V).

sisting of three layers.
sisting of two separate layers (no glued layers are allowed in this case) and each layer passes thenxriandrel test-of 26.3 at 4
sisting of two layers.

required between input and output windings , the total thickness through insulation shall be the same as shown ip-box 2

n are made of turns of insulating tape, the winding of the tape should be such that at every place there is at least the\reguir]

When a number is replaced

by a dash in a column of the table it means that no value is required.

Dimensions in millimetres

lation between the values in

e connected together are at

ended to be connected in a

voltage of 5,5 kV.
) whether measured directly

ed number of layers.

8661:1'V+.66L:031® L-89G19
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Annex E
(normative)

Glow-wire test

The glow-wire test is carried out in accordance with IEC 60695-2-1/0.

For the purpose of this standard, the following applies with reference to the relevant clauses
and subclauses of IEC 60695-2-1/1.

5 Severity
The temperature of the tip of the glow-wire shall be 650 °C.
7 Conditioning

Preconditioning is required.
9 Test procedure

Add to 9.1 the following paragraph:

If possible, the tip of the glow-wir
narrow recesses or sharp<edge

9,

e is @ pl flakstiwfaces and not to grooves, knock-outs,
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Annex F
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Requirements for switches complying with IEC 61058

F.1 Manually operated mechanical switches shall meet one of the following requirements, a)
or b)

a) The switch, tested as a separate component, shall comply with the requirementsdand
tests of IEC 61058-1, whereby the following applies:

— the number of operating cycles shall be 10 000 (see 7.1.4.4 of

— the switch shall be suitable for use in the relevant polluti6
7.1.6.2 of IEC 61058-1);

— the switch shall be of category D regarding the resista
of IEC 61058-1).

The characteristics of the switch with regard to:

1) the rating of the switch (see clause 6 of IEC §10581

2) the classification of the switch acebdrding toy
— nature of supply (see 7.1.1 of

— type of load to be controlled by,
— ambient air temperature (see ¥.1.
shall be appropriate fogtheNfunctiomoithe ch under normal operating conditions.

If the switch is a mal A
the rated peak surg e i -outlét(s) as specified in clause F.2 shall be taken

into account.@
Compliance is ing\to test specifications of IEC 61058-1, by inspection and by

measurements,

. " ; ; \
complying with 333 0 € 61058-1 for both d.c. switches and a.c. mains switches.

Compliance s checked according to 13.1 of IEC 61058-1 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 [EC 61058-1, except the increased voltage test at accelerated speed specified in 17.2.4 of

IEC 61058-1, and under electrical and thermal conditions given by the normal operating
canditions of the apparatus

The test is carried out on three specimens, no failure is allowed.
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F.3 If the switch is a mains switch which controls mains socket-outlet(s), the endurance test
is carried out with an additional load connected to the socket-outlet(s), consisting of the circuit
shown in figure 9 of IEC 61058-1, taking into account figure 10.

The rated current / of the additional load shall correspond to the marking of the socket-outlet(s)
(see item e) of 5.2). The peak surge current of the additional load shall have a value as shown
in table F.1.

Table F.1

Rated current of the Peak surge current
socket-outlet(s) 9

A A (]

/1<0,5 20

05<1/<1,0
1,0</

F.4 The switch

normal use. The pbe such that the performance of the switch is not

adversely affected normal use in the conditions given by the apparatus. In
particular, of the contacts and terminals shall be such that the
operatlon and thevperfo ce of the switch are not adversely affected by its oxidation or other

Compliance™is_ef d i the "ON" position under normal operating conditions and according
of IEC 61058-1, taking into account the rated current | of mains socket-
outlet(s), if any, inclutling the peak surge current according to clause F.3.
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F.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 r.m.s. (700 V

naal)

15 A=1Ay

— 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.

— The test voltage is applied in the "OFF" position across each contact gap.
test, resistors and capacitors in parallel to a contact gap may be dis¢bnhe

During the

&
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Annex G
(normative)

Tracking test

For the purpose of this standard, materials are separated into three groups by their
comparative tracking index (CTI) values, as follows:

material group | 600 < (CTI)
material group Il 400 < (CTI) <600
material group llla 175 < (CTI) <400

Separation of the material groups is determined by compliance wi
index test made in accordance with IEC 60112.

new specimen.

For the purpose of this standard, the
subclauses of IEC 60112.

3 Test specimen
The last sentence of the fi
5 Test apparatus
The note in 5.1 d

Note 4 in 5.3 does
The test solution A as bed/in 5.4 is used.
6 Procedwe
For the CT]/ test of 6

, notes 2 and 3 of clause 3 also apply.

Subdlause 6.3 does not apply.
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Annex H
(normative)

Electronic circuits

H.1 Scope

For circuits comprising at least one electronic component the standard applies with, the
following modifications.

H.3 Definitions

Additional definitions:
H.3.8 Electronic circuits and components

H.3.8.1 electronic component : Part in which cond
moving through a vacuum, gas or semiconductor.

NOTE - Neon indicators are not considered to 8

H.3.8.2 electronic circuit : Circuit incoxp i c efectronic component.
H.5 General notes on tests

Additions:

H.5.1 All claus
transformers, ap

Additions:

H.15.6.< Electronic circuits shall be so designed and applied that a fault condition will not
render” the transformer unsafe with regard to electric shock, fire hazard or dangerous
malfunction.

Compliance is checked by evaluation of the fault conditions specified in H.15.8 for all circuits or
parts of circuits, unless they comply with the conditions specified in H.15.7.

If the safety of the transformer under any of the fault conditions depends on the operation of a
fuse-link, the test of H.15.9 is made.

During and after each test, the temperatures shall not exceed the values specified in table 3
of 15.1 and the transformer shall comply with the conditions specified in 15.1.
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If a conductor of a printed circuit board becomes open-circuited, the transformer is considered
to have withstood the particular test, provided that all six of the following conditions are met:

— the printed circuit board complies with the requirements of FV1 or better according to
IEC 60707;

— the 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.15.7, and in addition the

vaoltaage-overthao tntaoreiintion chall nat Avoennd BN\ /.
T

1
Voot oOv CT e te T o ptroTT ST TToT CATTC O OU— v

— 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;

clearances between hazardous live parts and accessible pa
specified in clause 26.

NOTE 1 — Unless it is necessary to replace components after any of the test
need only be carried out after the final test on the electronic circuit.

— the protection against electric sh i anical hazards or dangerous
malfunction in other parts of the trapisformerzdoe %t rely on the correct functioning of the

The transformer is_ opgrated s ) 2 and a variable resistor, adjusted to its maximum
resistance, is ¢ iut to be investigated and the opposite pole of the
supply source.

The resistance sed yntil the power consumed by the resistor reaches a
maximum. A [ ; F € supply at which the maximum power delivered to this
resistor doe note > at the end of 5 s is called a low-power point. The part of the

NOTE 1 —-The measurements are made from only one pole of the supply source, preferably the one that gives the
fewest low power, points,

When determining the low power points, it is recommended to start with points close to the
supply\source.

NOTE 2 — The power consumed by the variable resistor is measured by a wattmeter.

Consequentlal faults are taken mto conS|derat|on

a) Short circuit of creepage distances and clearances between live parts of different
polarity, if these distances are less than those specified in clause 26.

b) Open circuit at the terminals of any component.
c) Short circuit of capacitors, unless they comply with IEC 60384-14.
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