IEC 62590-3-1 :232%&1
a9

IEC 62590-3-1

Edition 1.0 2022-08

INTERNATIONAL |
STANDARD A@\ :

NORME N\
INTERNATIONALE QO

AN

compensators

Railway applications — Fixed installations — EIec@* power converters —

Part 3-1: AC traction applications — EIectro%

Applications ferroviaires — Installations fi:es
puissance —
Partie 3-1: Applications de tractit@:q&rant alternatif - Compensateurs

onvertisseurs electroniques de

électroniques de puissance



https://www.stdhive.com/standards/iec-62590-3-1-ed-10-b2022-pdf/

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2022 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I''EC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

IEC Products & Services Portal - products.iec.ch

Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always
have access to up to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 300 terminological entries in English
and French, with equivalent terms in 19 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d'études, ...). Elle donne aussi des informations sur
les projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

IEC Products & Services Portal - products.iec.ch
Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apercus des publications. Avec un
abonnement, vous aurez toujours accés a un contenu a jour
adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 300 articles terminologiques en
anglais et en francais, ainsi que les termes équivalents dans
19 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://www.stdhive.com/standards/iec-62590-3-1-ed-10-b2022-pdf/

IEC 62590-3-1

Edition 1.0 2022-08

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Railway applications — Fixed installations — Electionic power converters —
Part 3-1: AC traction applications — Electronicincver compensators

Applications ferroviaires — Installations fi.’es - Convertisseurs electroniques de
puissance —

Partie 3-1: Applications de traction e ccurant alternatif —- Compensateurs
électroniques de puissance

INTERNATIQNA.
ELECTROTEC.!INICAL
COMMIE SION

~OM. 11IS§.ON
EL-ZCTROTECHNIQUE
INTERNATIONALE

ICS 45.060.01 ISBN 978-2-8322-4774-7

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://www.stdhive.com/standards/iec-62590-3-1-ed-10-b2022-pdf/

-2 - IEC 62590-3-1:2022 © |EC 2022

CONTENTS
O T T I S 5
LN I 75 16 L@ 1 ] P 7
1 1S T oo o 1= S 8
2 NOIrmMative referenCeS ... e 8
3  Terms, definitions and abbreviated terms ... 9
3.1 Terms and definifioNS. ... 9
3.2 ADDreviated termMS ... .. 14
4  Types of electronic power COmMPENSAtOrs ... ...o.iiuiiiiiii e .14
4.1 LT o= = N S ™
4.2 Single-phase equipment which injects reactive power into a 1AC traction
)Y (=T o o PP PPPPRUS PP AT
4.2.1 GENETAL .. NETTTTI. SPTRRe 17
4.2.2 Equipment installed on the far end or middle of a 1AC traction s 'stem.......... 17
4.2.3 Equipment installed on the near end of a 1AC traction system...... ................ 18
4.3 Multi-phase equipment connected to the 1AC traction side ...... ... ..........lL 18
4.3.1 LT =Y o 1= =¥ S o R P 18
4.3.2 Equipment exchanging active power between a pair of Jifferent 1AC
circuits and/or injecting reactive power into 1+ zircuits...........coccoeeiiiininn... 18
4.3.3 Application of Steinmetz principle ... ... 21
4.3.4 Equipment connected to the traction side o0i the V-connection
transformer.........coooiiiiiii PP 22
4.4 Application on 3AC power NetWOrK....... . 23
441 GENEIAl .o 23
4.4.2 Equipment connected to the RAC power network side of a traction
0= 115 (0] o 0 =Y PR 23
5 Design and integration ... ... e 25
5.1 GENEIAL. . i e 25
5.2 Survey of power qualit 7 Cifteria ... ..o 26
5.3 Survey of the condiuan »f the 3AC power Network ........oooviiiiiiiiiieeeeeea, 26
5.4 Traction load recUiiemMeNnts . ... 26
5.5 Estimation of *he puwer quality without any countermeasures............cc.ccooeiieennne. 26
5.5.1 LT o= PP 26
5.5.2 Calcui~tion of voltage drop in a 1AC traction system ..., 26
5.5.3 Calculation of three-phase imbalance at the interface to 3AC power
A L=T A 0T o PP 27
554 Calculation of power factor at the interface to 3AC power network................. 27
5.6 Choice of the COUNtErMEASUIES ... ..o i e 27
o7 Evaluation of the electronic power compensator ............ccoovviiiiiiici e, 27
5.8 Specification of the electronic power compensator..............oooiiiiiiiiiii, 28
5.8.1 GBIl L. 28
5.8.2 Coordination with other Systems ... 28
6  PerformancCe reqQUITEMENTS ...t e e e e e e e e aaaas 28
6.1 LY o= = | 28
6.1.1 =1 T S 28
6.1.2 Number of connected phases ... 29
6.1.3 IR a0] o L=T = A0 =T =YY 29

6.1.4 Losses and effiCiENCY ....cviiiii e 29


https://www.stdhive.com/standards/iec-62590-3-1-ed-10-b2022-pdf/

IEC 62590-3-1:2022 © |EC 2022 -3-

6.2 Control and protective fUNCHION ... ... 30
6.2.1 Start and StOP SEQUENCE . ... 30
6.2.2 Control fUNCHION ... e 31
6.2.3 Protective fUNCLION ... ..o e 31

6.3 Electromagnetic compatibility (EMC) ... 31

6.4 HaAI M ONICS et e 32

6.5 Failure conditions for the electronic power compensator ...............oooiiiiiiiiant. 32

6.6 Mechanical characteristics ....... ..o 32
6.6.1 GBIl L. 32
6.6.2 Safety requirements for maintenance...............coooiii 33
6.6.3 Environmental CONditioNS ... ..o 33
6.6.4 Degree of proteCtion ... ..o 33

6.7 Electrical safety requirements for maintenance ..............cccoevvevena L 33

6.8 RatiNg Plate oo e e 33

7 I~ -3 (U P 34

71 TSt CalEGOIY e 34
7.1.1 GENETAl ..t D 1 AT AP 34
7.1.2 TP S i e 34
7.1.3 ROULING 1St .. e e 34
7.1.4 Large equipment........ccoooiiiiiiiiieas P 35
7.1.5 Overview Of teStS ... i 35

7.2 T eSSt IEEMS o 36
7.2.1 Visual INSPECHION ..o e 36
7.2.2 Test of accessory and auxiliary cor\porents.......coocoiiiiiiiiiinii e 36
7.2.3 INSUIALION 1ESt ..o e e 36
7.2.4 Start and stop sequence test ... 37
7.2.5 Checking of the protective 11117 5I0NS ..o 37
7.2.6 Control function test . .. 37
7.2.7 Light load functiona! te ot 37
7.2.8 L0ad 1Ot e e 38
7.2.9 Temperature 7iSe (08t o 38
7.2.10 Power 10sS U teimination. . ..o 38
7.2.11 ACOUSHIC 110IS€ MEASUIEMENT . .uiitiiiiii e e e 38
7.2.12 G (PP 38
7.2.13 Harmoi 'C MeasUremMeENt ... ..o 39
7.2.14 Dearee of protection test ... ... 39

Annex A (iniorn.ative) Calculation of voltage drop in a 1AC traction system......................... 40
Annex Lt (informative) Calculation of three-phase imbalance at the interface to a 3AC

O TORL YT .Y o G 41
¢+ ane.. C ( nformative) Examples of limits of power quality at the interface to a 3AC

o Lo 1Y 1= .77 ] o G 43

C.1 LT 1= - | PPN 43

C.2 Examples of limits of three-phase imbalance ... 43

C.3 Examples of limits of harmoniCs ..o 44
C.31 LY o 1= =¥ P 44
C.3.2 JADAN 45
C.3.3 CiNa . s 45
C.34 AN G o e 46

L] o 10 Yo =Y o1 2 17/ PP 47


https://www.stdhive.com/standards/iec-62590-3-1-ed-10-b2022-pdf/

-4 - IEC 62590-3-1:2022 © |EC 2022

Figure 1 — Example of the possible electrical position of electronic power

[oToT g oT=T 7= 1 (o = 15
Figure 2 — Single-phase equipment installed on the far end or middle of a 1AC traction

LS 21 (= 10 1N 17
Figure 3 — Single-phase equipment installed on the near end of a 1AC traction system ........ 18
Figure 4 — Equipment exchanging active power between a pair of orthogonal 1AC

circuits and/or injecting reactive power into TAC CirCUItS .......cooviuiiiiiiiii e, 20
Figure 5 — Application of Steinmetz prinCiple ... 22
Figure 6 — Equipment connected to traction side of the V-connection traction

L= L {0 o 0 = N 23
Figure 7 — Equipment which reduces imbalance at the 3AC power network side of a

traction transformer ... e 24
Figure 8 — Equipment which reduces imbalance generated in multiple traction

SUDSTAtioNS @S @ WhOlE. ... e e 25
Figure A.1 — Calculation of voltage drop in a 1AC traction system.............c.....i e, 40
Figure B.1 — Typical interface methods between power network and 1AC trac.iorn

S}V (=T 1 o P A PP PPUPRPR 41
Table 1 — Types of typical electronic power compensators...... Ry e, 16
Table 2 — IMMUNItY 1@Vl ... e e e 32
Table 3 — Overview Of teStS. ..o 35
Table B.1 — Formulae to calculate voltage imbalan<c at primary side of a traction

L= Y 1S3 ] o 0 =T S 41
Table C.1 — Examples of limits of three-phase imbalance ...............ccoooiiiiiiiiin e, 44
Table C.2 — Limitation of harmonic conten in Japan ........cooiiiiiiiiiiiie e 45
Table C.3 — Limitation of harmonic con*aniina China ..., 45

Table C.4 — Factors for limitation of - -rmonic content in France ..., 46


https://www.stdhive.com/standards/iec-62590-3-1-ed-10-b2022-pdf/

IEC 62590-3-1:2022 © |EC 2022 -5-

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRONIC POWER CONVERTERS -

Part 3-1: AC traction applications —
Electronic power compensators

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz itioi com . rising
all national electrotechnical committees (IEC National Committees). The object of IEC is to prom’. = inu. r~.ational
co-operation on all questions concerning standardization in the electrical and electronic fields. To *his 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 _.Puk ication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee intereste< in u.2 subject dealt with
may participate in this preparatory work. International, governmental and non-government. ! orge hizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Inicrna‘ionai Organization for
Standardization (ISO) in accordance with conditions determined by agreemer.® betw ~en ne two organizations.

The formal decisions or agreements of IEC on technical matters express, as nea.'v =s possible, an international
consensus of opinion on the relevant subjects since each technical ccmmittee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internaticiial us. and are accepted by IEC National
Committees in that sense. While all reasonable efforts are niade ‘o er sure that the 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 Natior al Comnittees undertake to apply IEC Publications
transparently to the maximum extent possible in their natio: 2l a2 id 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 cori’ormi*v. Independent certification bodies provide conformity
assessment services and, in some areas, accesa. 1Y IEC marks of conformity. IEC is not responsible for any
services carried out by independent certificai.cn L odies.

All users should ensure that they have th |7 est edition of this publication.

No liability shall attach to IEC or its a. 2ctu.s, employees, servants or agents including individual experts and
members of its technical committees ana 'EC National Committees for any personal injury, property damage or
other damage of any nature whct=o. ver, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the pu>licauon, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the . 'ormative references cited in this publication. Use of the referenced publications is
indispensable for the _c.-ecu application of this publication.

Attention is drawn to v e pssibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be . =Id responsible for identifying any or all such patent rights.

IEC 6259u-3-. has been prepared by IEC technical committee 9: Electrical equipment and
systems for i 2ilways. It is an International Standard.

Th text Of this International Standard is based on the following documents:

Draft Report on voting

9/2843/FDIS 9/2864/RVD

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

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62590 series, published under the general title Railway applications
— Fixed installations — Electronic power converters, can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

Single-phase AC traction systems are typically used for railway lines with high power load up
to the double-digit MW range. The nature of the loads serving the intended traffic in those
railway lines leads to permanent power fluctuations. Due to their inherent structure, single-
phase traction systems are prone to having difficulty with power quality indicators such as power
factor, voltage fluctuation and/or imbalance within the electric traction system and/or the
feeding three-phase power network. In order to improve the power quality, an electronic power
compensator can be applied.

Components of electronic power compensators especially electronic power converters mus:
withstand the more rugged electric environment when compared with those for other inductrial
use, due to the nature of electric traction systems mentioned above. This includes not on.* high
load fluctuation, but also frequent switching operation with inrush current and short zircuits
caused by faults on the overhead contact line systems. Therefore, specific reqriremen = are
needed in addition to the common requirements for converters for other industrial «se.

This document defines typical system configurations and basic requiremeits as well as
appropriate test methods for electronic power compensators used for sing.>-phca e AC traction
systems. This document is intended for the use by railway operators, mai :ifac'ure’'s and system
integrators.
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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRONIC POWER CONVERTERS -

Part 3-1: AC traction applications —
Electronic power compensators

1 Scope

This document specifies the requirements and test methods for electronic power compencato.s
for 1AC traction systems. This equipment is used to improve electric power quality inside the
electric traction system and/or at the interface to the 3AC power network, apnlyirg jower
electronics technology.

This document applies to equipment which is installed to achieve one or mcra f the following
objectives as its function(s):

e to mitigate voltage fluctuation;
e to improve power factor;

e to reduce imbalance at the interface to the 3AC power ne.virk

NOTE In some cases, this type of equipment is used to reduce Farmd nics from the traction load towards the 3AC
power network, and for energy saving.

The equipment designed to conform to each pe.ucuicr installation site and the packaged
equipment for generic use both fall within the scop > of this document.

This document applies to equipment with <!l passible configurations to implement different
technical solutions for compensation, but vge:oment consisting of only passive components is
excluded.

2 Normative references

The following documents ai =2.efarred to in the text in such a way that some or all of their content
constitutes requirement: of tiis document. For dated references, only the edition cited applies.
For undated refererc=s, the latest edition of the referenced document (including any
amendments) applic 3.

IEC 60050-151:2091, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical and
magnetic dovicos

IEC 60050-121:2001/AMD1:2013

IEC 60050-151:2001/AMD2:2014

IEC 6UC59-151:2001/AMD3:2019

17C ¢905(-151:2001/AMD4:2020

IEC £0050-151:2001/AMD5:2021

{EC 60146-1-1:2009, Semiconductor converters — General requirements and line commutated
converters — Part 1-1: Specification of basic requirements

IEC 60146-2:1999, Semiconductor converters — Part 2: Self-commutated semiconductor
converters including direct d.c. converters

IEC 60529, Degrees of protection provided by enclosures (IP Code)
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