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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
PARTICULAR REQUIREMENTS FOR AC SWITCHGEAR -

Part 3-3: Measurement, control and protection devices
for specific use in AC traction systems — Voltage transformers

FOREWORD

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co
all mational electrotechnical committees (IEC National Committees). The object of |EC'is to

interhational co-operation on all questions concerning standardization in the electrical and-glectronic f
this lend and in addition to other activities, IEC publishes International Standards, Jechnical Specifi
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred
"IEC|Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Cdg
interpsted in the subject dealt with may participate in this preparatory work. international, governme
non-povernmental organizations liaising with the IEC also participate in this—preparation. IEC coll
closg¢ly with the International Organization for Standardization (ISO) in accordance with conditions def
by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express) as nearly as possible, an inte
nsus of opinion on the relevant subjects since each techrical” committee has representation
interpsted IEC National Committees.

IEC Publications have the form of recommendations for interfational use and are accepted by IEC
Compmittees in that sense. While all reasonable efforts ate made to ensure that the technical co
IEC Publications is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

In ofder to promote international uniformity, IEC National Committees undertake to apply IEC Pub|
trangparently to the maximum extent possible_in their national and regional publications. Any diV
between any IEC Publication and the correspanding national or regional publication shall be clearly ind
the Iptter.

IEC |tself does not provide any attestation/of conformity. Independent certification bodies provide co
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible]
services carried out by independent cettification bodies.

All upers should ensure that they‘have the latest edition of this publication.

ilability shall attach to IEC,or its directors, employees, servants or agents including individual exp
mempbers of its technical €ommittees and IEC National Committees for any personal injury, property da
othef damage of any mature whatsoever, whether direct or indirect, or for costs (including legal fqg
expenses arising out“ef the publication, use of, or reliance upon, this IEC Publication or an
IEC Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced public
indispensablé.for the correct application of this publication.

Attention is Jdrawn to the possibility that some of the elements of this IEC Publication may be the st
patept rights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 62505-3-3 has been prepared by IEC technical committee 9:
Electrical equipment and systems for railways.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

This standard was revised to reflect the latest versions of standards referenced
remove text already included in the IEC 61869 series.

The structure of the document was adapted to that of IEC 62505-1 and IEC 62505-2

and to

Ratings have been added to provide designations in line with other railway standards, for

example IEC 62497.
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applications.

Partial discharge voltages have been specified in Table 2.

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

FDIS Report on voting
9/2556/FDIS 9/2562/RVD

requirements have been detailed to meet operating conditions of railway

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This dgcument has been drafted in accordance with the ISO/IEC Directives, Part 2:

This d

bcument has to be read in conjunction with IEC 61869-1:2007 and JEC61869-

(see Introduction).

3:2011

ntil the
ated to

A list |of all parts in the IEC 62505 series, published under thHe_ general title Railway
applicgtions — Fixed installations — Particular requirements for AC switchgear, can bg found
on the|lEC website.

The cdmmittee has decided that the contents of this document will remain unchanged u
stability date indicated on the IEC website under "http://wgbstore.iec.ch" in the data rel

the specific document. At this date, the document willbe

e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amepnded.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

Where a particular clause/subclause of IEC 61869-3 is not mentioned in this standard, that
clause/subclause applies as far as reasonable. Where requirements relate exclusively to
three-phase systems or to voltages outside those in use in traction systems, they are not
applicable. Where this standard states "addition" or "replacement", the relevant text of
IEC 61869-3 is to be adapted accordingly.

The numbering of clauses in the IEC 61869 series is similar to that in the IEC 62505 series.

Where terms defined in IEC 61869-1 and IEC 61869-3 conflict with definitions of the same
terms @s given in |[EC 60050-811:2017 or of the other railway applications documents.listed in
the notmative references, the definitions in IEC 61869-1 and IEC 61869-3 are to befused.

NOTE [The suffix N which appears in this standard for rated values is not present in HEC 6186P-1 and
IEC 618p9-3.

References in subclauses of IEC 61869-1 and IEC 61869-3 have to be reptaced by references
to appllicable subclauses in this standard as far as reasonably possible.
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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
PARTICULAR REQUIREMENTS FOR AC SWITCHGEAR -

Part 3-3: Measurement, control and protection devices
for specific use in AC traction systems — Voltage transformers

1 Scope

This pelart of IEC 62505 is applicable to new voltage transformers which are:

— intgnded for use in indoor or outdoor fixed installations in tractions systems, and
— opgrated with an AC line voltage and frequency as specified in IEC 60850.

NOTE 1| IEC 60850 specifies the AC traction systems:
15 kV 16,7 Hz,

12 kV 25 Hz,

12,5 kV, 20 kV also 25 kV with 50 Hz and
12,5 kV, 20 kV, 25 kV also 50 kV with 60 Hz.

NOTE 2| As rails of AC traction systems are typically connected to earth*and included in the return currgnt path,

all phasg to earth voltages are subject to the limits as given in IEC 60850. Nevertheless, conductor to conductor
voItagelare sometimes higher, e.g. in autotransformer systems.

This dpcument does not provide specific requirements‘for AC traction systems supplied with a
frequency of 25 Hz or with a nominal voltage of 12,;5°kV or 50 kV. Nevertheless, requirements
set ouf in this document can be used as a guidance also for these systems.

Voltage transformers are mainly used with:

— mepsuring instruments,

— protective devices.

This dpcument also applies (fo*voltage transformers other than inductive types as |far as
reasonably possible. Requirements of this document have priority.

NOTE 3| Combined current and voltage transformers, also capacitive voltage transformers are typically no{ used in
fixed ingftallations in traction-systems.

2 Noagrmativereferences

The following documents are referred to in the text in such a way that some or all ¢f their
contenmmwmmw_w_mﬂmldmon

cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60850:2014, Railway applications — Supply voltages of traction systems
IEC 61869-1:2007, Instrument transformers — Part 1. General requirements

IEC 61869-3:2011, Instrument transformers — Part 3: Additional requirements for inductive
voltage transformers

IEC 62497-1:2010, Railway applications — |Insulation coordination - Part 1: Basic
requirements — Clearances and creepage distances for all electrical and electronic equipment
IEC 62497-1:2010/AMD1:2013
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61869-1:2007 and
IEC 61869-3:2011, except 3.2.1 to 3.2.9, and the following apply.

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

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

e ISP ONNne browsing plattorm: available at hip.//WWWw.1S0.0rg/obp

NOTE [ferms 3.2.1 to 3.2.3 of IEC 61869-1:2007 address voltage definitions which are differefqitly/ddfined in
railway gystems. Terms 3.2.4 to 3.2.9 of IEC 61869-1:2007 address aspects specific to three-phasg systemp.

3.11
nomingl voltage
Un

suitable approximate voltage value used to designate or identify a given supply system

Note 1 tp entry: This value is also assigned to the voltage transformer to shew its usability in the supply system.

Note 2 tp entry: An autotransformer-system which is supplied with 2 phases, having a phase shift of 180° petween
them, is|commonly named 2 x U according to the U, supplied to the contact line system.

[SOURCE: IEC 62497-1:2010, 3.4.1, modified — The netes 1 and 2 to entry have been gdded.]

3.1.2
rated yoltage
UNe . . . .
value ¢f voltage assigned by the manufacturer to the equipment or part of it and to| which
operating and performance characteristi¢s are referred

Note 1 tp entry: This value is also used-t0o"determine its dielectric characteristics and will be used instegdd of the
rated ingulation voltage (U,,,) as definedvand used in IEC 62497-1.

Note 2 tp entry: The abbreviatigns Upe and U, are used as specified in IEC 61869-3, e.g. to determine the rated
transforgation ratio.

[SOURCE: IEC 62497-1:2010, 3.4.3, modified — Symbol added, wording of definition adopted
and NQTE replaced\by Note 1 to entry and Note 2 to entry.]

3.1.3
overvgltage)category
ov

numeratdefimmga transientovervottage comdition

Note 1 to entry: This definition uses different wording as in other parts of IEC 62505.

[SOURCE: IEC 60050-581:2008, 581-21-02 modified: Note 1 to entry has been added.]

3.14

pollution degree

PD

numeral characterizing the expected pollution of the micro-environment

Note 1 to entry: This definition uses different wording as in other parts of IEC 62505.

[SOURCE: IEC 60050-581:2008, 581-21-07 modified: Note 1 to entry has been added.]
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Abbreviated terms

For the purposes of this document, the abbreviated terms given in 3.7 of IEC 61869-3:2011
apply, but are amended by the following.

EMC Electromagnetic compatibility

ov Overvoltage category

PD Pollution Degree

Uqg Power-frequency withstand voltage
Un Highest voltage for equipment
Unmax Highestpermanentvoltage

Unmax3 Highest non-permanent voltage

U, Nominal voltage

Une rated voltage

Unm Rated insulation voltage

4 Sdrvice conditions

Clausg 4 of IEC 61869-1:2007 is applicable with the following modifications:

— the| minimum ambient air temperature under normal service conditions for indoor
tramsformers shall be -5 °C;

— subclause 4.4 does not apply;

NOTE

— for|special service conditions, agreemént shall be made between purchaser and st
IEG 62498-2 should be taken as guidance for the selection of appropriate classificat

NOTE 2| The altitude reference conditiongs 1 000 m as per IEC 61869-1. The altitude reference of IEC
(up to 2 000 m) applies to insulation\coordination only and is not considered as reference condition
document.

5 Rating

5.1 General

Clausg 5 of IEC_61869-3:2011 is applicable except as noted in 5.2 to 5.10 below:

NOTE

IEC 618B9:3:2011 narmally reference IEFC 61869-1-2007 and specify the deviations from it

5.2

1| This subclause specifies possible scenarios'of three-phase system’s star-point earthing.

References in  this document typically name I|EC 61869-3:2011 only. Nevertheless, cla

oltage

pplier.
ons.

62497-1
in this

ises of

Nominal voltage (U,,)

The nominal voltage U, shall be one of the AC voltages listed in Table 1 of this document or
Table B.1 of IEC 60850:2014.

5.3

Rated voltage (Uy,)

Subclause 5.2 of IEC 61869-1:2007 is not applicable.

The rated voltage Uy, shall be chosen taking into consideration the maximum voltage level
suitable to be permanently applied to the voltage transformer (i.e. highest permanent voltage

U,

max

4 as defined in IEC 60850).
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The value of Uy, shall be used whenever IEC 61869-1 or IEC 61869-3 make reference to U,
unless another value is named explicitly.

NOTE 1 The insulation characteristics determined by applying U
highest non-permanent voltage U, taken from IEC 60850.

max2

max1 are considered to be suitable to allow the

NOTE 2 The rated voltage for fixed installations in railway applications is a phase to earth value.
5.4 Insulation coordination
5.4.1 General

Insulation coordination shall be conducted according to IEC 62497-1, for example selection of
values(for Over Voltage category (OV) and Pollution Degree (PD).

The rafed voltage Uy, shall be used when IEC 62497-1 refers to the rated insulation yoltage
UNm-

The ddfinition of the four overvoltage categories shall be as in IEC 62497122010, 4.2.3)2.

The definition of the seven pollution degrees shall be as in IEC 62497-1:2010, 4|4 and
Table A.4.

5.4.2 Rated insulation level

Subclaguse 5.3 of IEC 61869-1:2007 is replaced by the-following:

The vdlues of the rated impulse withstand voltageUy; and of the power-frequency withstand
voltage Uy for circuits connected to the contactlline shall be as given in Table 1, takgn from
the values listed in IEC 62497-1:2010/AMD1:2013.

Tablel 1 — Nominal voltages (U,), rated voltages (Uy.), rated impulse voltages (Uy|) and
power-frequency withstand voltages (Uy) for circuits connected to the contact |ine
Un UNe ov UNi Ud

(1,2/50 ps)
kV kV kV kV
IEC §0850:2014 IEC 62497-1:2010/AMD1:2013
32 95 38°b
17,25
4 125 50
15
32 145 70
17,25 ¢
4 170 70°
3 425 50
2049 249
4 150 © 50 ¢
3 170 70°b
27,5
4 200 95
3 200 95
27,5¢
25 4 250 95
3 170 70°
3049
4 200 70 ¢
309 f 4 325 140
NOTE The rated power-frequency withstand voltage is represented by U, as used in IEC 62271-1 not by U, as
used in IEC 62497-1. U, is used in IEC 62271-1 for the rated auxiliary voltage.
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Un UNe ov UNi Ud
(1,2/50 ps)
kV kV kV kV
IEC 60850:2014 IEC 62497-1:2010/AMD1:2013

b val

2 Not commonly used.

ues taken from Table 1 of IEC 62271-1:2017 as being well-established practice.

¢ For higher requirements on insulation system.
This is common practice in some countries with larger number of installations at altitude up to 2 000 m
without additionally applying an altitude correction factor.

4 Values taken from Table B.1 of IEC 60850:2014.
¢ Valpes taken from experience and being well-established practice.
f For higher requirements on insulation in systems with a phase shift of 180°.
An|increased test voltage could be favourable for these terminals (e. g. between phases of-an)AT-pystem
with U, = 25 kV).
Subclauses 5.3.4 and 5.3.5 of IEC 61869-1:2007 apply.
NOTE [These subclauses specify the power-frequency withstand voltage of 3°kV between-section |and for
seconddry terminals.
5.5 Rated frequency
Subclause 5.4 of IEC 61869-1:2007 is replaced by the following:
The standard values of the rated frequency shallbg16,7 Hz, 50 Hz and 60 Hz as specjfied in
IEC 60850:2014, 4.2.
5.6 Rated output
Subclause 5.5 of IEC 61869-3:2011 is.applicable except as follows:
Subclauses 5.5.303 and 5.5.304.06f IEC 61869-3:2011 are not applicable.
NOTE 1] It is likely that only lowsrated outputs can be achieved due to relevant requirements on other ratings.
NOTE 2| These subclauses'‘specify requirements related to residual voltage windings (earth fault) which| are not
used in failway applications.

5.7

Rated accuracy class

Subclause 5%6-of IEC 61869-3:2011 is applicable except as follows:

Subclaluses 5.6.302. 4 of |IEC 61869-3:2011 is not npplmahln

5.8 Standard values of rated voltages

Subcla

Subcla

use 5.301 of IEC 61869-3:2011 is applicable except as follows:

uses 5.301.3 of IEC 61869-3:2011 is not applicable.

5.9 Standard values of rated voltage factor

Subcla

use 5.302 of IEC 61869-3:2011 is applicable except as follows:

Only the rated voltage factors for effectively earthed neutral systems apply.
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5.10 Ferroresonance

Voltage transformers with a rated frequency of 50 Hz or 60 Hz and used in fixed installations
shall conform with the following requirements to withstand possible ferroresonance
phenomenon.

— The minimum resistance of the primary winding at 20 °C shall be 50 kQ.

— The magnetic circuit shall be designed such that the saturation point is not reached when
the voltage transformer is operated at rated voltage and 1/3 of the rated frequency.

NOTE 1 Ferroresonance may easily occur in 50 Hz and 60 Hz systems.

NOTE 2 _lt_is recognized that ferraresonances in maost cases include a significant content of valtage in square

wave fofm with a frequency below nominal frequency. Primary winding resistance and magnetic circuitcar¢ having
an influgnce on magnitude and frequency.

There may also be lower values of the resistance of the primary winding providing suffficient
strengfh against the ferroresonance phenomenon. If so this value needs to be specified|by the
infrastjucture manager.

There |are other mitigation measures known for voltage transformers to withstapd the
ferroresonance phenomenon, for example secondary resistors ‘iA series with safurable
reactofs. In this case the afore stated requirements may become-redundant and will tHen not
apply. [The proposed mitigation method and testing proceduresshall be clearly describgd and
agreed upon between purchaser and supplier.

If voltgge transformers used in 15 kV, 16,7 Hz fixed)installations are required to withstand
ferroresonances, requirements shall be agreed upon:between purchaser and supplier.

NOTE 3| Relevant ferroresonance phenomena are not known in 15 kV, 16,7 Hz fixed installations.
6 Dg¢gsign and construction

6.1 General

Clausg 6 of IEC 61869-3:2011-is;applicable except as follows below in 6.2 to 6.4.

6.2 Fransformer construction

Subclauses 6.1 and 6.2/ of IEC 61869-1:2007 are not applicable.

Voltage transformmers with integrated electronic devices, for example digital interfaceps shall
also comply<with the requirements of the applicable standard of the IEC 61869 series. The
requirgments of this document shall have priority.

6.3 Requirements for the external insulation

Subclause 6.6 of IEC 61869-1:2007 is replaced by:

All creepage distances in air shall be based on the rated voltage Uy, and determined
according to 4.4 of IEC 62497-1:2010.

Creepage distances other than in air are fixed by the manufacturer according to the insulation
system.

Altitude correction shall be carried out as specified by 5.4 of IEC 62497-1:2010.
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6.4 Nameplates

Subclause 6.13 of IEC 61869-1:2007 is applicable with the following exception:

The abbreviation of the rated voltage shall be Uy, as defined in this document.

7 Tests

71 General

Clause 7 of IEC 61869-3:2011 is applicable except as follows below in 7.2 to 7.3.

All tes} voltages for dielectric tests on the main circuit shall be taken from Table A |of this
document specified for Uy; respectively Uy.

7.2 Ferroresonance withstand test

To proye compliance with 5.10 additional type tests shall be performed:

The minimum resistance of the primary winding shall be measured., The value obtained|by the
measufement and corrected to 20 °C by calculation shall net’ be lower than 50 k. The
resistapce value shall be recorded in the test report.

A temperature rise test shall be carried out in accordance with the test requirements|and in
additiop to the tests of 7.2.2 of IEC 61869-3:2011..The temperature rise shall not exceed by
more than 10 K the values specified in Table 5 ofdEC 61869-1:2007.

For vo|tage transformers used in 50 Hz or 60.Hz fixed installations this temperature ripe test
shall be carried out at rated voltage, rated.burden and 1/3 of the rated frequency.

NOTE [festing with 1/3 of the rated frequency prevents undue voltage stress to the equipment.

For voltage transformers used in(16,7 Hz fixed installations this temperature rise test shall be
carried out at rated burden.(The combination of test voltage and test frequency shall be
selectqd:

— to provide the same flux density as resulting from the requirements as agreed between
purchaser and supplier,
— not|to cause undue voltage stress to the equipment, and

— in nespectof the frequency which can be supplied by the test equipment.

This regsistance measurement shall also be carried out as a routine test.

When other mitigation measures for voltage transformers to withstand the ferroresonance
phenomenon have been agreed upon between purchaser and supplier testing shall be
performed as agreed. The aforenamed tests do not apply in this case.

7.3 Partial discharge test

Subclause 7.3.2 of IEC 61869-1:2007 is applicable except as follows:

For voltage transformers with a nominal voltage as specified in 5.2, Table 3, of
IEC 61869-1:2007 is replaced by Table 2.


https://iecnorm.com/api/?name=4d05fefd90c1f062524ea32b3a4f74fa

IEC 62

505-3-3:2020 © IEC 2020 -13 -

Table 2 — Partial discharge test voltages and permissible levels

Test arrangement Partial discharge test Maximum permissible partial discharge level
V&I:\;:sgf Solid insulation " Ilir:lrﬂzrz?(;as
kV pC pC
Phase to earth V3 x Uy, 50 10
1,2 x Uy, 20 5
Phase to phase 1,2 x 2 x Uy, 20 5

NOTE 1 Values are derived from Table 3 of IEC 61869-1:2007 by replacing U, with V3 x Une-

NOTE
phases

P Phase to phase conditions only apply to a double pole voltage transformer which is connegted)fo both
of an autotransformer systems. The voltage reference is 2 x U, instead of V3 x Uye-

8 RuU

Claus¢

9 84

Clause¢g

10 In{
Claus¢
11 In{

Inform

les for transport, storage, erection, operation and maintenance

8 of IEC 61869-1:2007 is applicable.

fety

9 of IEC 61869-1:2007 is applicable.

luence of the product on the environment

10 of IEC 61869-1:2007 is applicable.

ormation to be given with'enquiries, tenders and orders

htion to be given with enquiries, tenders and orders shall be as specified for thg rating

plate markings of the specific type of voltage transformer in 6.13.202 of IEC 61869-3:20/11.
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