1EC IEC 61377

®

Edition 2.0 2016-01

INTERNATIONAL |
STANDARD AQ}‘

NORME \\
INTERNATIONALE &0‘

Railway applications — Rolling stock — Combine%ﬂhod for traction

systems N

Applications ferroviaires — Matériel roular t — Methode d’essais combinés pour
systémes de traction

IEC 61377:201631%’


https://www.stdhive.com/standards/iec-61377-ed-20-b2016-pdf/

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 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''EC 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 Central Office
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
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that nrep:res 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. Ple<C> md'~ sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

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. Jus® r “blisi>>d
details all new publications released. Ava'able cniin» and
also once a month by email.

Electropedia - wwv .electropedia.org

The world's lecdita online dictionary of electronic and
electrical terms cc taining 20 000 terms and definitions in
English and French, with equivalent terms in 15 additional
languages. +'z0 }aown as the International Electrotechnical
Voca. llary {IEV) online.

IEZ Gloscary - std.iec.ch/glossary

6L 000 electrotechnical terminology entries in English and
Frernli extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
llected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

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: csc@iec.ch.

A propos de I'lEC

La Commission Electrotechnigi.e 1. cerrationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour to. * ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publication s IEC

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

Catalogue IEC - v. *bstc e.iec.ch/catalogue

Application autc 2omc nour consulter tous les renseignements
bibliographiques - sur les Normes internationales,
Spécificati ns techniques, Rapports techniques et autres
dcrumonts He I'IEC. Disponible pour PC, Mac OS, tablettes
Andi id et Ir 0d.

Rechercne de publications IEC - www.iec.ch/searchpub

L. 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 aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient 20 000 termes et définitions en anglais
et en frangais, ainsi que les termes équivalents dans 15
langues additionnelles. Egalement appelé Vocabulaire
Electrotechnigue International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

65 000 entrées terminologiques électrotechniques, en anglais
et en francgais, extraites des articles Termes et Définitions des
publications IEC parues depuis 2002. Plus certaines entrées
antérieures extraites des publications des CE 37, 77, 86 et
CISPR de I'lEC.

Service Clients - webstore.iec.ch/csc

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


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://www.stdhive.com/standards/iec-61377-ed-20-b2016-pdf/

IEC 61377

Edition 2.0 2016-01

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Railway applications — Rolling stock — Combinecd“testimethod for traction
systems

Applications ferroviaires — Matériel roular t — Methode d’essais combinés pour
systemes de traction

INTERNATIQNAL
ELECTROTEC.!NICAL
COMMIS SION

"OM. MISS.ON
ELZCTROTECHNIQUE
INTERNATIONALE

ICS 45.060 ISBN 978-2-8322-3101-2

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 agréeé.

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


https://www.stdhive.com/standards/iec-61377-ed-20-b2016-pdf/

-2- IEC 61377:2016 © IEC 2016

CONTENTS

L@ T T @ T I L PP 6
s oo ] o [ PP PPRPTN 8
2 NOIMALIVE FEFEIENCES ...t e 10
3 Terms and definitioNS ... e 10
4 Traction SyStem CharaCteriStiCS ... e 12
5 General teSt reqUITEMENTS ... it e 13
6  General teSt CONAILIONS .....eu e e e e 14
6.1 LICE BT STU | o BPPUP TP SN .4
6.1.1 Setup of traction system UNder teSt........oviuiii i 14
6.1.2 Test bench arChiteCture ... e, 15

6.2 Cooling dUING the teST .. e e e 17
6.3 Mechanical OULPUL MEASUIEMENT........uiiiiiii e es e e e eaeeas 18
6.3.1 (1] 1=T - | T PP PPN 18
6.3.2 Summation of 10SSes Method ..o 18
6.3.3 Comparison of power method ..ol s e 19
6.3.4 Comparison of current Method...... ... e 20
6.3.5 Back to back method ..o 21

6.4 Tolerances and MeasUriNg ACCUNACY ....ueueuriuned wuneee e e eaees 21
6.5 Environmental CoONAitioONS ... 21

7 Torque CharaCteriStiC TOST ... e e e e e ea e 22
7.1 GBNETAL . 22
7.2 Torque characteristics test at Motor hot ... 22
7.2.1 TSt OB IV 1o e e 22
7.2.2 TSt CONAIIONS .. e 22
7.2.3 Test procedure ......... .. ettt e ee et eeaeeaeeaeet ettt e eaeerra et et e r e 23
7.2.4 F o= o) €= L o T o 1 1= 1= S 23

7.3 Torque characteristics (2st at MOtor COld ... 23
7.3.1 LIS A0 o] o] € 23
7.3.2 I Ao o] Lol 4 [ PP 23
7.3.3 BIN= ST O ot o = U1 = PPN 24
7.3.4 F oo =3 €= U g I =T o 1 (=] 1 - U 24

7.4 Starting torque at ZEro SPEEM ... in i 24
7.4.1 IS TS o o] = o] €Y7 24
7.4.2 TSt CONAITIONS . e e 24
7.473 LIS A ] o 1= o 10 = 24
7.4 ACCEPLANCE CIIEOITA .. en ettt ea e 24

O Efficiency and energy conSUMPLiON tEST ... ... 24
8.1 GBNBIAL e 24
8.2 EfficiencCy CharaCteriStiCS .iviiii i e 25
8.2.1 TSt OB ECHIVE e 25
8.2.2 TSt CONAIIONS .. e e 25
8.2.3 LIS A ] o 1= o 11 = 25
8.2.4 ACCEPLANCE CIIEOITA .. en ettt ea s 25

8.3 Energy consumption on route profile ..o 26

8.3.1 TSt OB ECHIVE e 26


https://www.stdhive.com/standards/iec-61377-ed-20-b2016-pdf/

IEC 61377:2016 © IEC 2016 -3-

8.3.2 TSt CONAITIONS .. e e 26
8.3.3 LIS A ] o 1= o 10 = 26
8.3.4 F o1 o1=T o) €= U o T od 1 (=] 1 - U 26
S I =10 0] =T = AU g TSI (T PPN 27
9.1 LT 1= - 1 PPN 27
9.2 Temperature rise test at constant [0ad ..........coovviiiiii i 27
9.2.1 LIS Ao o] 1= o] €Y7 27
9.2.2 TSt CONAITIONS .. e e 27
9.2.3 LIS A ] o 1= o 10 = 27
9.2.4 ACCEPLANCE CIIEEITA .. en et et e e e d 28
9.3 Temperature rise on route profile ... ...08
9.3.1 TSt OB CHIVE e 28
9.3.2 TeSt CONAILIONS ..eneee e )\ 28
9.3.3 LI 1S A ] o 1= o 10 = 28
9.3.4 ACCEPLANCE CIItOIIA .. eu it et e 28
9.4 Test with wheel diameter differences for paralleled asynchronotz mouwrs............. 29
9.4.1 (CTC] 1=T - | PP ST PP PR TTTPR 29
9.4.2 TeSt ODJECHIVE e e 29
9.4.3 B IN=1S A oo [ L1 4T o TP PPN 29
9.4.4 Test Procedure ..o s 30
10 System fUNCHION tEST ... e e e 31
10.1  Start from backward/reverse Motion........c i il 31
10.1.1 TSt OB IV e e e e 31
10.1.2 Test conditions .......ocooveiiiiiiiannes T P PP 31
10.1.3 LIS A ] o 1= o 11 = 31
10.1.4 ACCEPLANCE CIILOIIA .. enieie it e e e 31
10.2  Motoring-braking transSitioN. ..o 31
10.2.1 TSt OB IV e e 31
10.2.2 TSt CONAITIONS .. e e 31
10.2.3 LIS A ] o 1= o 10 = T 32
10.2.4 F ol od=T o) £= L o] T T o 1P 32
11 Variation Of lINe VO agu oot e e e 32
I O YT o] o] [T o PP 32
0 7 I T oo o [ To] o I PPN 32
I B YT B T Tod <o [P = PR 33
N A o U Yo ] PN (od I o] | (=] - PP 34
] €= 4 Y 0 1= o ] T -3 34
L2, G NIl it 34
22.2 " Rapid voltage Changes teST ... . 34
12.2:1 LIS Ao o] =] €Y7 34
12.2.2 B IN= 1S A oo o L1 4T o T PP 34
12.2.3 LICE A o] o 1o =T IF ] TP 35
12.2.4 F o1 o1=T o) = L o T o 1 (=] 1 - U 36
12.3  Traction supply voltage iNterruption ..o 36
12.3.1 LIS Ao o] o] €Y7 36
12.3.2 TSt CONAITIONS .. e e ea e 36
12.3.3 LICE A o] o 1o =T 1T TP 36
12.3.4 F o1 o1=T o) €= L o T o 1 (=] 1 - U 36


https://www.stdhive.com/standards/iec-61377-ed-20-b2016-pdf/

-4 - IEC 61377:2016 © IEC 2016

12.4  Traction SUPPlY CONTACE 10SS . ... e 36
12.4.1 LIS Ao o] =] €Y7 36
12.4.2 B IN= 1S A oo [ L1 4T o T PPN 36
12.4.3 LICE A o] o 1o =T IU ] TP 37
12.4.4 F o1 o1=T o) = L o T o 1 (=] 1 - U 37

12.5 Sudden loss of regeneration capability ... 37
12.5.1 LIS Ao o] o] €Y7 37
12.5.2 TSt CONAIIONS .. e e 37
12.5.3 LI A o] o 1o =T IF ] TP 38
12.5.4 F o1 o1=] o) €= La o T o 1 (=] 1 - U 38

12.6  TraCtioN INVEITEE STOP «uueu ettt et et e e eaee e 28
12.6.1 TSt OB ECHIVE 1o .....38
12.6.2 TeSt CONAILIONS .. e e 38
12.6.3 TESE PrOCEAUIE .ttt e s eeaaeaees 38
12.6.4 Y oTo1=T o) €= La o T od 1 (=] 1 - U 38

12.7 Temperature calculation fUNCHIONS.......oooiiiiiii T e, 39
12.7.1 GENEIAL .. Y SRR 39
12.7.2 TesSt ODJECHIVE .o L 39
12.7.3 TeSt CONAITIONS v T e 39
12.7.4 LIS A ] o 1= o 10 = T 39
12.7.5 ACCEPLANCE CIIOIIA .. eu i T e e 39

12.8 Over-current and over-voltage proteCtion ......oco.v i 39

12.9 Control battery supply interruption ... ..ot 39
12.9.1 TSt ODJECHIVE 1o e 39
12.9.2 TSt CONAILIONS .o T e 39
12.9.3 TESE PrOCEAUIE o e ettt e e e eaees 39
12.9.4 F o1 o1=T o) = L Lo T od 1 1= 1 - U 40

13 Fault management test.............. ... TP TPR 40

0 R € 7Y o = = | 40

13.2 LOSS Of SENSOI TUNCHION ..t ittt e e e et et e et et a et e nae e aaes 40

13.3 Loss of command-ana - edback Signals.......cccovviiiiiiiiii 40

13.4  Fault in COOlINA & S8 M S . i 40

13.5 Earth and shoi-CirCuit faUItS ..o 41

Annex A (normative’ Lict of combined teStS ..o 42
Annex B (informative) ‘st of clauses with agreements between the user and

manufacturer.'..... PP 43
Annex C (nurmetive) Special test items and conditions for DC MmoOtors ........ccevvieiiiiiineannenn. 44

C.1 LT 1= - 1 PPN 44

WA Test DENCHh arChiteCtUre ..o 44
2.1 LG RT =1 (0] I PP PP 44
C.2.2 LOBA SYSIBIM Lo e 44

C.3 COMMUEALION ST . e ittt e e e e 45

27Tl TeTo | = o] 1| V2T 46
Figure 1 — Overview of traction system architeCture .............ccoeiiiiiiiiii e 8

Figure 2 — Example of relationship between the “traction system under test” and the
L U0 A0 T ] VS (=] 10 PP 9

Figure 3 — Traction system — relationship between user, suppliers and manufacturer............ 11


https://www.stdhive.com/standards/iec-61377-ed-20-b2016-pdf/

IEC 61377:2016 © IEC 2016 -5-

Figure 4 — Example of peak temperatures on route profile ... 13
Figure 5 — Example of test bench architecture with speed controlled load system ................. 15
Figure 6 — Example of test bench architecture with back to back method.............................. 16
Figure 7 — Examples of simulating auxiliary load and traction load power supply .................. 17
Figure 8 — Example of measurement using summation of losses method ................c..ooeeneie. 18
Figure 9 — Example of measurement using comparison of power method.................cccceeenee. 20
Figure 10 — Example of measurement using comparison of current method .......................... 21
Figure 11 — Example of measurement using back to back method.................cooi. 21
Figure 12 — Torque characteristics of a traction System ...........coocoiiiiiiiiiiiii e 23
Figure 13 — Effect of wheel diameter mismatch on the torque characteristic of

ASYNCNIONOUS MOTOF ..iteiiii et ettt ettt e e et e e et e e e e e e 29
Figure 14 — Test conditions for motoring-braking transition ..., 32
Figure 15 — Test conditions in traction system range of voltage ........c..cooooiiiiii i, 33
Figure 16 — Test conditions for variation of the voltage ...........ccooiiiiiiiii i e, 33
Figure 17 — Rapid voltage change with DC line voltage.........cooeviiiiiiiiiccie s e, 35
Figure 18 — Rapid voltage change with AC line voltage............c...ct o it i 35
Figure 19 — Example of method to create a rapid voltage change ........ ..., 36
Figure 20 — Example of method to simulate the traction supp/ contact 10SS........cccovvvnvinnnnnns 37
Figure 21 — Example of method to create loss of regenerative cecability..........coooviiinil. 38
Figure C.1 — Example of braking configuration for a “raciior. =;stem under test with
separately eXCited DC MOTOF .. ... . e e e e e et e et et e et e e en e enees 44
Figure C.2 — Test bench arrangement for back to | ack test of the traction system

under test With @ DC MOLOT ...ee i e 45
Table A.1 — List of combined teStS ..o i 42

Table B.1 — List of subclauses includ nr; agreements between the user and
MANUTACTUIET oot e e e e e e et et e ettt e e e e e e eaaas 43


https://www.stdhive.com/standards/iec-61377-ed-20-b2016-pdf/

1)

2)

3)

4)

5)

6)

7

8)

9)

-6- IEC 61377:2016 © IEC 2016

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS — ROLLING STOCK -
COMBINED TEST METHOD FOR TRACTION SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comnrising
all national electrotechnical committees (IEC National Committees). The object of IEC is to prumote
international co-operation on all questions concerning standardization in the electrical and electronic fic'ds. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifica ‘ons,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to s “.eC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Com.ittec inteested
in the subject dealt with may participate in this preparatory work. International, governmc.tal «.d non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaboi >tes closely
with the International Organization for Standardization (ISO) in accordance with conditi\ns determined by
agreement between the two organizations.

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

IEC Publications have the form of recommendations for international use ana are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to_ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the v:ay in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Comn ‘tteec undertake to apply IEC Publications
transparently to the maximum extent possible in their nztioriol a. < regional publications. Any divergence
between any IEC Publication and the corresponding national v~ reg'anal publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Ind :pendent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification badies.

All users should ensure that they have the lates adi ion of this publication.

No liability shall attach to IEC or its directors, ar.ployees, servants or agents including individual experts and
members of its technical committees and IE”. National Committees for any personal injury, property damage or
other damage of any nature whatsoevei, wb:ther direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicaticn, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Noria'ive i.ferences cited in this publication. Use of the referenced publications is
indispensable for the correct pulication of this publication.

Attention is drawn to the ~ossipility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC sha'">ot L held responsible for identifying any or all such patent rights.

International Standarc icC 61377 has been prepared by IEC technical committee 9: Electrical
equipment anr s ’stems for railways.

This edition vancels and replaces IEC 61377-1 (2006), IEC 61377-2 (2002) and IEC 61377-3
(2002). t constitutes a technical revision.

‘ais adition includes the following main technical changes with regard to the previous
ediiens: it includes updates as necessary in order to meet the current technical state of the
a.t, to improve clarity and to create an edition that considers all types of motors part of a
traction system.
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The text of this standard is based on the following documents:

FDIS Report on voting
9/2078/FDIS 9/2113/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.

The committee has decided that the contents of this publication will remain unchangad until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the da.>
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.
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RAILWAY APPLICATIONS — ROLLING STOCK -
COMBINED TEST METHOD FOR TRACTION SYSTEMS

1 Scope

This International Standard applies to the traction system consisting (when it applies) of
traction motor(s), converter(s), traction control equipment including software, transformer
input filters, brake resistors, main circuit-breaker, cooling equipment, transducers, contactors,
etc.

Figure 1 is just an overview and is not representative of all traction system architect:'res.

Current collector, mechanical braking systems and gearbox are not in the scop2 of this
standard.

Types of motors applicable in this standard are asynchronous, or tvnc .rorous including
permanent magnet (PMM), or direct current (DC).

The auxiliary converter(s) is (are) part of the scope when the fauxiliary converter is enclosed
within the traction converter. Otherwise, when the traction sys.c feeds an auxiliary system
outside the traction converter, the auxiliary system can bereplacad by an equivalent load.

NOTE 1 Energy storage system is not considered in this standa: I sii.~e there is no specific type test standard for
energy storage system.

NOTE 2 Auxiliary loads validation is not part of this standard.

NOTE 3 The gearbox can be part of test set-up, but it is net a part of traction system.

Power input side
v 4
‘ AC voltage from

AC voltage DC voltage ‘ diesel generator

Main circuit-breaker

Auxiliary converter |, Transformer ‘ ‘ Input filter ‘

Pre-charge -
Traction control
equipment
Rectifer

J. Intermediate DC link
e ———

I

i

J

Inverter

1 Chopper
Traction

" Disconnect rrrrd
auxiliary " —
Auxiliary output loads switches pyrery

voltages
Braking resistor
Asynchronous ory
e, @

motor(s)

Output side — motor torque ‘

IEC

Figure 1 — Overview of traction system architecture
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