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9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
FIXED INSTALLATIONS -
TRACTION TRANSFORMERS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sensé." While @all reasonableyefforts) are madeto ensure| thatjthe technical content of IEC
Publications is accurate," |IEC “‘cannot be' held-responsible for ‘the“way in“which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC"National "Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding-national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation ,of conformity.-Independent certification bodies provide conformity
assessment services and, in some areas, access to I[EC ‘marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

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

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

International Standard IEC 62695 has been prepared by IEC technical committee 9: Electrical
equipment and systems for railways.

This standard is derived from EN 50329:2003 and its amendment 1(2010).

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

FDIS Report on voting
9/1916FDIS 9/1943/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until the
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to
the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
+ amended.

IMPORTANT - The ‘colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Transformers used in fixed installations of traction systems differ from other transformers. The
transformer standards of I|IEC technical committee 14 deal mainly with three-phase
transformers or single-phase units assembled to a three-phase bank.

Application of such standards to single- or bi-phase transformers as used in traction systems is
not evident.

Moreover, IEC 61378-1 deals with converter transformers for industrial use which have loading
characteristics different from traction transformers for converters.

Therefore, this standard is set up to clarify the particular aspects of traction transformers.
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RAILWAY APPLICATIONS -
FIXED INSTALLATIONS -
TRACTION TRANSFORMERS

1 Scope

This International Standard covers specific characteristics of traction transformers as defined
in 3.1.1, used in traction substations or along the track for the supply of power to a.c. and d.c.
traction systems or to provide power to auxiliary services. Traction transformers are either

— single-phase traction transformers, or

— three-phase to two-phase traction transformers, or

— single-, three- or poly-phase rectifier-transformers or converter-/inverter-transformers for
d.c. or a.c. traction systems, or

— single phase auto-transformers for traction power supply, or

— single-phase booster transformers, or

— single- or three-phase auxiliary transformers at traction supply voltage.

Traction transformers.are generally ,covered,by,the Standards of the,;|lEC 60076 series. The

requirements given in'IEC-60076 ‘apply together with the additional-requirements given in this
standard.

Dependent on the selected technology specific parts of IEC 60076 apply:

— |EC 60076-1: Oilimmersed/transformlers
— |EC 60076-11: Dry-type transformers
— |EC 60076-15: Gas-filled transformers

For transformers feeding contact lines through static converters IEC 61378-1 may assist, but
modified or additional requirements are given in this standard.

Transformers mounted on-board traction vehicles are covered by IEC 60310 and are excluded
from the scope of this standard.

Electromagnetic compatibility is ruled by IEC 60076-1, which states that a transformer may be
considered a passive element in this respect. Some accessories, however, are subject to EMC
requirements given in IEC 62236-5.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

IEC 60076-1:2011, Power transformers — Part 1: General

IEC 60076-2:2011, Power transformers — Part 2: Temperature rise for liquid-immersed
transformers

IEC 60076-3:2013, Power transformers — Part 3: Insulation levels, dielectric tests and external
clearances in air
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IEC 60076-5:2006, Power transformers — Part 5: Ability to withstand short circuit

IEC 60076-7:2005, Power transformers — Part7: Loading guide for oil-immersed power
transformers

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

IEC 60076-12:2008, Power transformers — Part 12: Loading guide for dry-type power
transformers

IEC 60076-14:2013, Power transformers — Part 14: Liquid-immersed power transformers using
high-temperature insulation materials

IEC 60076-15:2008, Power transformers — Part 15: Gas-filled power transformers

IEC TR 60146-1-2:2011, Semiconductor converters — General requirements and line
commutated converters — Part 1-2: Application guide

IEC 60850:2007, Railway applications — Supply voltages of traction systems

IEC 61000-2-12:2003, Electromagnetic Compatibility (EMC) — Part 2-12: Environment -
Compatibility levels for low-frequency conducted disturbances and signalling in public medium-
voltage power supply systems

IEC 61378-1:2011, Converter transformers ~ Part.1: Transformers for industrial applications

IEC 62497-1:2010, Railway applications — Insulation coordination — Part 1: Basic requirements
— Clearances and creepage distances for all electrical and electronic equipment

IEC 62498-2:2010, Railway applications — Environmental conditions for equipment — Part 2:
Fixed electrical installations

IEC 62505-1:2009, Railway applications — Fixed installations — Particular requirements for a.c.
switchgear — Part 1: Single-phase circuit-breakers with U, above 1 kV

IEC 62589:2010, Railway applications — Fixed installations — Harmonisation of the rated values
for converter groups and tests on converter groups

IEC 62590:2010, Railway applications — Fixed installations — Electronic power converters for
substations

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60076-1 and
IEC 62590, as well as the following apply.

311

traction transformer

transformer (with separate or auto-connected windings) connected to an a.c. or d.c. contact
line, directly or through a converter, used in fixed installations of railway applications

Note 1 to entry: The above definition relates to the contents of this standard and is introduced to simplify the
following definitions, which, in most cases, are not valid for all transformers and autotransformers.
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3.1.2

traction converter transformer

traction transformer on the supply side of a converter group and supplying contact line(s)
through static converter(s)

3.1.3

traction inverter transformer

traction transformer on the traction (contact) line side of a converter group and supplied by a
static converter(s) (inverter)

3.1.4
directly-coupled traction transformer
traction transformer supplying contact line(s) without the interposition of static converter(s)

3.1.5

rated value

numerical value for the electrical, thermal, mechanical and environmental rating assigned to
the quantities which define the operation of a traction transformer in the conditions specified in
accordance with this International Standard and on which the manufacturer’s guarantees and
tests are based

3.1.6
rated frequency

N

frequency at which the traction itransformer s designed to'operate

3.1.7

rated voltage on the supply side of a traction transformer

UnL .

r.m.s. value of thelsinuséidals no-load'‘voltage ‘assignedto-‘be “applied to the supply side
terminals of a traction transformer (foritraction converter'transformers)

3.1.8
rated voltage of a traction autotransformer

UonL
r.m.s. value of the sinusoidal no-load voltage between the overhead contact line and the line

feeder in a traction autotransformer

3.1.9

rated intermediate voltage of a traction autotransformer

Urail

r.m.s. value of the sinusoidal no-load voltage between the overhead contact line and the
connection to the rail

3.1.10

rated voltage on the converter side(s) of a traction converter transformer and on the
traction side of a directly-coupled traction transformer

Uns

r.m.s. value of the no-load voltage at the line-to-line terminals of the converter side(s) of a
traction converter transformer or of the traction side of a directly-coupled traction transformer,
at the rated voltage on the supply side of the traction transformer

3.1.11
rated voltage on the inverter side of a traction inverter transformer

Unp
r.m.s. value of the sinusoidal no-load voltage resulting at the inverter side terminals of a

traction transformer
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3.1.12

rated voltage on the traction side(s) of an inverter transformer

Unv

r.m.s. value of the no-load voltage at the line-to-line terminals of the traction side(s) of an
inverter transformer at the rated voltage on its inverter side

3.1.13

rated power of a winding

SNL> SNy SNsny SNV

conventional value of apparent power assigned to a winding, which, together with the rated
voltage of the winding, determines its rated current. It is based on the fundamental components
of voltage and current (see 3.1.7, 3.1.10, 3.1.12 and 3.1.14)

Note 1 to entry: “primary” and “secondary” are referred to the normal flow of energy from the supply side to the
traction side.

wan

Note 2 to entry: In the suffix “S " for secondary windings “n” is the assigned order number of the secondary
winding. In a formula where any winding is separately considered, Sy indicates the rated power of the winding
considered.

3.1.14
rated current on the primary side of the traction transformer

Inus Inp
r.m.s. value of the fundamental component of the current flowing through a line terminal of the
primary winding which is derived from the rated power Sy and rated voltage Uy for the winding

Note 1 to entry: The generic r.m.s. of fundamental component of an a.c. current is indicated as / and the generic
rated current as /.

3.1.15
rated current in the series winding of aitraction’autotransformer

Ton
rm.s. value of the current flowingsbetween rthes_contact line terminal of a traction

autotransformer and rail terminal

3.1.16
rated current in the common winding of a traction autotransformer

Ifeed
rm.s. value of the current flowing between the line feeder terminal of a traction

autotransformer and rail

3.1.17
rated service current on the primary side of the traction converter transformer

InGL
r.m.s. value of the current flowing through a line terminal of the supply side winding of a

traction converter transformer which contains all harmonic components and whose
fundamental component is the rated current I

Note 1 to entry: In case of traction inverter transformers it is assumed that the service current is not sensibly
different from sinusoidal current in all windings.

Note 2 to entry: The generic r.m.s. value of the service current is indicated as /.
Note 3 to entry: The generic r.m.s. value of the harmonic current of order h of an a.c. current is indicated as /.

Note 4 to entry: In formulas where any winding is separately considered, / indicates the rated current of the
winding considered and 7 its rated service current.



-12 - IEC 62695:2014 © IEC 2014

3.1.18

rated current on the secondary side of a traction transformer

Inss Iny . _

r.m.s value of the fundamental component of the current flowing at the terminals of the
secondary winding(s) of a traction transformer, which is derived from the rated power Sy and
rated voltage Uy for the winding

Note 1 to entry: When the secondary windings of a converter transformer are more than one, even if the
secondaries are intended to feed a single conversion bridge, the rated secondary current of each winding may differ
from that of other winding(s) by small quantities. The tolerances in any case should be observed.

Note 2 to entry: In some cases, the secondary current(s) of a traction converter transformer are not equal to the
input current of the converter due to the presence of an auxiliary transformer (see Clause 3 of IEC 62589:2010).

3.1.19

rated service current on the converter (valve) side of a traction converter transformer
Ingsn

r.m.s value of the current flowing at the terminals of the secondary winding(s) of a traction
converter transformer which contains all harmonic components and whose fundamental
component is the rated current /g

Note 1 to entry: g differs from Iyq. The latter is taken into account to determine loadability of given accessories
such as bushing insulators. Loss and temperature rise calculations are based on the rated service current,
considering also the additional eddy losses in the windings and structural parts produced by the harmonics.

Note 2 to entry: In some cases, the secondary current(s) of a traction converter transformer are not equal to the
input current of the converter,due to the presencejof-an,auxiliary transformer;(see;Clause 3 of IEC 62589:2010).

Note 3 to entry: In a formula where any winding is separately considered, / indicates the rated current of the
winding considered and /. its rated service cufrent:

3.1.20

basic current

I, Iep; Iss: Ivs IeGL: IGs

current value in a winding which, according to''a given duty class (see 3.1.31), is assumed to
last for longer periods and represents the load carried out continuously by the traction
transformer and on which the overloads are imposed.

3.1.21

basic current on the primary side of a traction transformer

Ig, Igp _ . .

r.m.s. value of the fundamental component of the current flowing through a line terminal of the
primary winding which is derived from the basic power Sy and rated voltage Uy for the winding

3.1.22

basic service current on the primary side of the traction converter transformer

IgaL

r.m.s. value of the current flowing through a line terminal of the supply side winding of a
traction converter transformer which contains all harmonic components and whose
fundamental component is the basic current Iy

3.1.23

basic current on the secondary side of a traction transformer

Igs, Ipy . _

r.m.s. value of the fundamental component of the current flowing at the terminals of the
secondary winding(s) of a traction transformer, which is derived from the basic power Sg and
rated voltage Uy for the winding
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3.1.24

basic service current on the converter (valve) side of a traction converter transformer
Isgsn

r.m.s value of the current flowing at the terminals of the secondary winding(s) of a traction
converter transformer which contains all harmonic components and whose fundamental
component is the basic current /gg

3.1.25
leakage reactance related to the primary winding
X,

P
<for three winding transformer> difference between the mean of the short circuit reactance
values measured between the primary winding and each secondary winding and one half of the
short circuit reactance measured between the two secondary windings

— chP/Sl + XCCP/SZ _ chSl/SZ

X
P 2 2
3.1.26
leakage reactance related to each of the secondary windings
Xs1: Xs2

<for three winding transformer> sum of the half difference of the short circuit reactance values
measured between the primary winding and each secondary winding and one half of the short
circuit reactance measured between the two secondary windings

D XGPS T E1 &ep/sl céS1/82
(5ta X X, e X
2 2
o “eaP/S2 00 £ ceP/s) ccS1/S2
0% X X' " X
S2-=
2 2

3.1.27

reactance ratio

coupling factor

K

ratio between the leakage reactance from primary side and the sum of the leakage reactance
from primary and secondary side

Note 1 to entry: In case of a traction transformer with two secondary windings, used for a twelve-pulse reaction
converter, the reactance ratio is designed to have the same no-load secondary voltages and the same impedance
between the primary and each secondary winding, in order to obtain an even sharing of the current on both bridges
in case the d.c. outputs are paralleled. Then Xy, = Xg, = Xg and

K=X,|(Xg+X)

3.1.28

current demand

actual or expected load variation of the current absorbed by a traction line, whose root mean
square value is the rated current. It is expressed by a load diagram

3.1.29
load diagram
true demand of current by the traction circuit in the worse expected condition
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