
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC 61378-3 
Edition 2.0 2014-10 

FINAL DRAFT 
INTERNATIONAL STANDARD 
 PROJET FINAL 
DE NORME INTERNATIONALE 
 

Converter transformers – 
Part 3: Application guide 
 
Transformateurs de conversion – 
Partie 3: Guide d'application 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

COMMISSION 
ELECTROTECHNIQUE 
INTERNATIONALE XD 
ICS 29.180 

PRICE CODE 
CODE PRIX 

  
  

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

® 
 

 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. 



FORM FDIS (IEC)/FORMULAIRE FDIS (CEI)  
2009-01-09 ® Registered trademark of the International Electrotechnical Commission 

 14/803/FDIS 
 

FINAL DRAFT INTERNATIONAL STANDARD 
PROJET FINAL DE NORME INTERNATIONALE 

Project number 
Numéro de projet IEC 61378-3 Ed 2 

IEC/TC or SC  CEI/CE ou SC 
14 

Secretariat / Secrétariat 
United Kingdom 

 Submitted for parallel voting in CENELEC 
 Soumis au vote parallèle au CENELEC 

Distributed on / Diffusé le 
2014-10-31 

Voting terminates on / Vote clos le 
2015-01-09 

Also of interest to the following committees 
Intéresse également les comités suivants 
      

Supersedes document 
Remplace le document 
14/757/CDV and 14/780A/RVC 

Horizontal standard 
Norme horizontale 

  Other TC/SCs are requested to indicate their interest, if any, in this FDIS to the TC/SC secretary 
       Les autres CE/SC sont requis d’indiquer leur intérêt, si nécessaire, dans ce FDIS à l’intention du secrétaire du CE/SC 
Functions concerned 
Fonctions concernées 

 Safety 
 Sécurité 

 EMC 
 CEM 

 Environment 
 Environnement 

 Quality assurance 
 Assurance de la qualité 

CE DOCUMENT EST UN PROJET DIFFUSÉ POUR APPROBATION. IL NE PEUT ÊTRE 
CITÉ COMME NORME INTERNATIONALE AVANT SA PUBLICATION EN TANT QUE 
TELLE. 

OUTRE LE FAIT D'ÊTRE EXAMINÉS POUR ÉTABLIR S'ILS SONT ACCEPTABLES À DES 
FINS INDUSTRIELLES, TECHNOLOGIQUES ET COMMERCIALES, AINSI QUE DU POINT 
DE VUE DES UTILISATEURS, LES PROJETS FINAUX DE NORMES INTERNATIONALES 
DOIVENT PARFOIS ÊTRE EXAMINÉS EN VUE DE LEUR POSSIBILITÉ DE DEVENIR DES 
NORMES POUVANT SERVIR DE RÉFÉRENCE DANS LES RÈGLEMENTATIONS 
NATIONALES. 

LES RÉCIPIENDAIRES DU PRÉSENT DOCUMENT SONT INVITÉS À PRÉSENTER, AVEC 
LEURS OBSERVATIONS, LA NOTIFICATION DES DROITS DE PROPRIÉTÉ DONT ILS 
AURAIENT ÉVENTUELLEMENT CONNAISSANCE ET À FOURNIR UNE 
DOCUMENTATION EXPLICATIVE.  

THIS DOCUMENT IS A DRAFT DISTRIBUTED FOR APPROVAL. IT MAY NOT BE 
REFERRED TO AS AN INTERNATIONAL STANDARD UNTIL PUBLISHED AS SUCH. 

 
IN ADDITION TO THEIR EVALUATION AS BEING ACCEPTABLE FOR INDUSTRIAL, 
TECHNOLOGICAL, COMMERCIAL AND USER PURPOSES, FINAL DRAFT 
INTERNATIONAL STANDARDS MAY ON OCCASION HAVE TO BE CONSIDERED IN 
THE LIGHT OF THEIR POTENTIAL TO BECOME STANDARDS TO WHICH REFERENCE 
MAY BE MADE IN NATIONAL REGULATIONS. 

 
RECIPIENTS OF THIS DOCUMENT ARE INVITED TO SUBMIT, WITH THEIR 
COMMENTS, NOTIFICATION OF ANY RELEVANT PATENT RIGHTS OF WHICH THEY 
ARE AWARE AND TO PROVIDE SUPPORTING DOCUMENTATION. 

Titre 
IEC 61378-3: Transformateurs de conversion – Partie 3: Guide d'application 
 
Title 
IEC 61378-3: Converter transformers – Part 3: Application guide 
 
 
 
 

Copyright © 2014 International Electrotechnical Commission, IEC. All rights reserved. It is 
permitted to download this electronic file, to make a copy and to print out the content for the sole 
purpose of preparing National Committee positions. You may not copy or "mirror" the file or 
printed version of the document, or any part of it, for any other purpose without permission in 
writing from IEC. 

® 
 



 – 2 – IEC FDIS 61378-3  IEC 2014 

 

CONTENTS 

FOREWORD ........................................................................................................................... 6 
INTRODUCTION ..................................................................................................................... 8 

0.1 General ................................................................................................................... 8 
0.2 Rating data (Clause 5) ............................................................................................ 8 
0.3 Winding configurations (Clause 6) ........................................................................... 8 
0.4 Tappings and impedances (Clause 7) ..................................................................... 8 
0.5 Insulation aspects and dielectric tests (Clause 8) .................................................... 9 
0.6 Losses (Clause 9) ................................................................................................... 9 
0.7 Core and sound aspects (Clause 10) ...................................................................... 9 
0.8 Transformer specification (Clause 11) ..................................................................... 9 
0.9 Short circuit considerations (Clause 12) .................................................................. 9 
0.10 Components (Clause 13) ...................................................................................... 10 
0.11 Maintenance (Clause 14) ...................................................................................... 10 
0.12 Monitoring and on-site investigations (Clause 15) ................................................. 10 
0.13 Additional sources of information .......................................................................... 10 

1 Scope ............................................................................................................................ 11 
2 Normative references .................................................................................................... 11 
3 Terms and definitions .................................................................................................... 11 
4 Symbols and abbreviations ............................................................................................ 11 
5 Rating data .................................................................................................................... 12 
6 Winding configurations .................................................................................................. 13 

6.1 General ................................................................................................................. 13 
6.2 Industrial applications ........................................................................................... 15 

6.2.1 Rectifier ......................................................................................................... 15 
6.2.2 Voltage regulation ......................................................................................... 16 
6.2.3 Autotransformer design ................................................................................. 17 

6.3 HVDC applications ................................................................................................ 22 
6.3.1 Different types of transformer arrangement .................................................... 22 
6.3.2 Winding arrangements ................................................................................... 23 
6.3.3 Consideration of impedance – mutual impedance .......................................... 24 

7 Tappings and impedances – HVDC applications ............................................................ 25 
7.1 Value of impedance .............................................................................................. 25 
7.2 Variability of impedance ........................................................................................ 25 

8 Insulation aspects and dielectric tests ........................................................................... 26 
8.1 Hybrid insulation systems ..................................................................................... 26 

8.1.1 General ......................................................................................................... 26 
8.1.2 Hybrid insulation for converter transformers ................................................... 27 

8.2 Dielectric tests ...................................................................................................... 28 
8.2.1 General ......................................................................................................... 28 
8.2.2 Dielectric safety margins in long term d.c. and polarity reversal testing .......... 30 
8.2.3 Comments on the dielectric test procedures .................................................. 31 

9 Losses ........................................................................................................................... 33 
9.1 General ................................................................................................................. 33 

9.1.1 General considerations .................................................................................. 33 
9.1.2 Losses and frequency .................................................................................... 34 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



IEC FDIS 61378-3  IEC 2014 – 3 – 

 

9.1.3 Current sharing, losses and hot spot in high current windings ........................ 35 
9.1.4 Current harmonics ......................................................................................... 35 
9.1.5 Transformers with three or more windings wound on the same core limb ....... 36 
9.1.6 Dual frequency testing of HVDC transformers ................................................ 41 
9.1.7 Transformers with more than one active part in the same tank ....................... 43 
9.1.8 Transformers connected to a voltage source converter .................................. 44 

9.2 Thermal tests ........................................................................................................ 44 
9.2.1 General ......................................................................................................... 44 
9.2.2 Calculation of test currents and losses for industrial transformers .................. 44 
9.2.3 Calculation of losses and test currents for HVDC transformers ...................... 44 
9.2.4 Considerations on the hot spot and limits of the thermal tests ........................ 45 
9.2.5 Considerations on temperature rise test of industrial transformers ................. 45 
9.2.6 Tank hot spots in industrial transformers ....................................................... 46 

10 Core and sound aspects ................................................................................................ 46 
10.1 Core ..................................................................................................................... 46 

10.1.1 Constructional features .................................................................................. 46 
10.1.2 Effect of harmonics on transformer active part cores ..................................... 47 
10.1.3 DC bias voltage effect on main active part cores ........................................... 47 
10.1.4 Summary about cores .................................................................................... 48 

10.2 Sound ................................................................................................................... 48 
10.2.1 General ......................................................................................................... 48 
10.2.2 Fundamental considerations .......................................................................... 49 

11 Transformer specification .............................................................................................. 50 
11.1 General ................................................................................................................. 50 
11.2 Technical specification versus functional specifications ........................................ 51 

11.2.1 General ......................................................................................................... 51 
11.2.2 Technical specifications ................................................................................. 51 
11.2.3 Functional specifications................................................................................ 51 

11.3 HVDC transformer specifications .......................................................................... 51 
11.4 Notes and comments on specification items to be provided individually by 

purchaser and supplier ......................................................................................... 52 
11.5 Information to be provided by the purchaser or by the system designer ................ 52 

11.5.1 General description ....................................................................................... 52 
11.5.2 System data .................................................................................................. 52 
11.5.3 Environmental data ........................................................................................ 53 
11.5.4 Performance requirements ............................................................................. 53 
11.5.5 Testing requirements ..................................................................................... 55 
11.5.6 Sequence of factory tests .............................................................................. 57 
11.5.7 Site tests ....................................................................................................... 57 
11.5.8 Design and construction requirements ........................................................... 58 
11.5.9 Auxiliary equipment ....................................................................................... 58 
11.5.10 Availability and measures to minimize service downtime ................................ 60 

11.6 Information to be provided by the supplier ............................................................. 60 
11.6.1 General ......................................................................................................... 60 
11.6.2 General description ....................................................................................... 60 
11.6.3 Performance data .......................................................................................... 60 
11.6.4 Supplementary data ....................................................................................... 61 

11.7 Quality assurance and test program ...................................................................... 63 
11.8 Availability and measures to minimize service downtime ....................................... 63 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 – 4 – IEC FDIS 61378-3  IEC 2014 

 

12 Short circuit considerations ........................................................................................... 63 
13 Components .................................................................................................................. 67 

13.1 On-load tap-changers ........................................................................................... 67 
13.1.1 General ......................................................................................................... 67 
13.1.2 Converters for industrial applications ............................................................. 67 
13.1.3 Converter for HVDC applications ................................................................... 68 

13.2 Valve-side bushings .............................................................................................. 68 
13.2.1 General ......................................................................................................... 68 
13.2.2 Station layout ................................................................................................ 69 
13.2.3 Technical considerations ............................................................................... 69 
13.2.4 Bushing types ................................................................................................ 69 
13.2.5 Testing .......................................................................................................... 69 

14 Maintenance .................................................................................................................. 71 
14.1 General ................................................................................................................. 71 
14.2 Oil ......................................................................................................................... 72 

14.2.1 General ......................................................................................................... 72 
14.2.2 Oil quality and transformer quality indicators ................................................. 73 

14.3 Insulation quality ................................................................................................... 73 
14.3.1 General ......................................................................................................... 73 
14.3.2 Oil sampling requirements ............................................................................. 74 
14.3.3 Oil tests ......................................................................................................... 75 
14.3.4 Oil handling, storage and treatment ............................................................... 76 
14.3.5 Oil preservation systems ............................................................................... 76 

14.4 Tap-changers ........................................................................................................ 77 
14.5 Accessories and fittings ........................................................................................ 79 

15 Monitoring ..................................................................................................................... 79 
15.1 General ................................................................................................................. 79 
15.2 Transformer condition assessment in service ........................................................ 80 
15.3 Types of monitor ................................................................................................... 80 

15.3.1 General ......................................................................................................... 80 
15.3.2 Oil condition monitoring ................................................................................. 80 
15.3.3 Off-line condition assessment ........................................................................ 81 
15.3.4 On and off-line monitors ................................................................................ 81 
15.3.5 Expert systems .............................................................................................. 83 
15.3.6 Fingerprinting ................................................................................................ 83 

15.4 Monitoring summary .............................................................................................. 84 
16 Design review of converter transformers ........................................................................ 84 

16.1 General ................................................................................................................. 84 
16.2 Scheduling and confidentiality ............................................................................... 85 
16.3 Subject for design review ...................................................................................... 86 

16.3.1 General ......................................................................................................... 86 
16.3.2 System information ........................................................................................ 86 
16.3.3 Environmental Information ............................................................................. 87 
16.3.4 Transformer specific requirements ................................................................. 87 

Bibliography .......................................................................................................................... 91 
 
Figure 1 – Bridge connection for six-pulse arrangement ........................................................ 14 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



IEC FDIS 61378-3  IEC 2014 – 5 – 

 

Figure 2 – Bridge connection for twelve-pulse arrangement .................................................. 14 
Figure 3 – Transformer connections star-delta and star-star or alternatively, delta-delta 
and delta-star to give a 30 electrical degree separation between the valve-side 
voltages ................................................................................................................................ 14 
Figure 4 – 15° phase shifting is preferably realized by extended delta or zigzag 
connection ............................................................................................................................ 15 
Figure 5 – Double-star connection ........................................................................................ 15 
Figure 6 – Typical connection of transductors ....................................................................... 16 
Figure 7 – Autotransformer concept for open phases with coarse and fine regulation 
steps..................................................................................................................................... 17 
Figure 8 – Conventional autotransformer concept for closed phases  with coarse and 
fine regulation steps ............................................................................................................. 18 
Figure 9 – Conventional autotransformer concept for closed phases  with multi coarse 
regulation ............................................................................................................................. 19 
Figure 10 – Booster autotransformer concept for closed phases  with coarse and fine 
regulation steps .................................................................................................................... 20 
Figure 11 – Autotransformer concept for open phases with coarse and fine regulation 
steps..................................................................................................................................... 21 
Figure 12 – Transformer concept for closed phases  with coarse and fine regulation 
steps..................................................................................................................................... 22 
Figure 13 – Two basic arrangements of the individual windings  of a two-winding 
transformer ........................................................................................................................... 23 
Figure 14 – Mutual impedance .............................................................................................. 25 
Figure 15 – Typical impedance pattern ................................................................................. 26 
Figure 16 – Components of a typical industrial converter transformer insulating system ........ 27 
Figure 17 – Insulation system, equivalent R-C circuit ............................................................ 29 
Figure 18 – Voltage distribution before and immediately after polarity reversal ..................... 30 
Figure 19 – AC/DC conversion – Simplified sketch ................................................................ 32 
Figure 20 – Leakage fields for a three-winding transformer  with closely coupled valve 
windings ............................................................................................................................... 38 
Figure 21 – Leakage fields for a three-winding transformer  with decoupled valve 
windings ............................................................................................................................... 39 
Figure 22 – Leakage fields for a three winding transformer  with loosely coupled double 
concentric valve windings ..................................................................................................... 40 
Figure 23 – Leakage fields for a three winding transformer  with loosely coupled 
double-tier valve windings ..................................................................................................... 41 
Figure 24 – Short-circuit fault conditions in rectifier bridge .................................................... 64 
Figure 25 – Arrangement of valve bushings .......................................................................... 70 
Figure 26 – Examples of a.c., d.c. and combined electric field dispositions adjacent to 
HVDC bushings and associated electric insulation systems .................................................. 71 
 
Table 1 – Arrangements of two windings ............................................................................... 24 
Table 2 – Data for calculation of load losses with harmonic currents ..................................... 43 
Table 3 – Monitoring types .................................................................................................... 82 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 – 6 – IEC FDIS 61378-3  IEC 2014 

 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
CONVERTER TRANSFORMERS –  

 
Part 3: Application guide 

 
FOREWORD 

1) 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. 

2) 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.  

3) IEC Publications have the form of recommendations for international use and 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 way in which they are used or for any 
misinterpretation by any end user. 

4) 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. 

5) IEC itself does not provide any attestation of conformity. Independent 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 bodies. 

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

7) 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.  

8) 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. 

9) 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 61378-3 has been prepared by IEC technical committee 14: Power 
transformers.  

This second edition cancels and replaces the first edition published in 2006 and constitutes a 
technical revision.  

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

a) revision of clause on losses to reflect the changes introduced by the second edition of IEC 
61378-1; 

b) addition of a new clause about design review of converter transformer for both industrial 
and HVDC applications; 

c) addition of content for transformer connected to voltage source converters; 
d) reference to the work of CIGRE JWG A2/B4.28 on HVDC transformers. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

14/XX/FDIS 14/XX/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. 

A list of all parts in the IEC 61378 series, published under the general title Converter 
transformers, can be found on the IEC website. 

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. 

 

The National Committees are requested to note that for this publication the stability date 
is 2017. 

THIS TEXT IS INCLUDED FOR THE INFORMATION OF THE NATIONAL COMMITTEES AND WILL BE 
DELETED AT THE PUBLICATION STAGE. 
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INTRODUCTION 

0.1 General 

IEC 61378 series is written in three parts: 

– Part 1 applies to transformers associated with general "Industrial" converter uses. (Copper 
making, aluminium smelting and the electrolysis of certain gases).  

– Part 2 applies to transformers required for HVDC applications. 
– Part 3 is this application guide which contains the topic headings described in 0.2 to 0.13. 

The scope of IEC 61378-1 is limited to application of power converters of any power rating. 
Typical applications are: thyristor rectifiers for electrolysis; diode rectifiers for electrolysis; 
thyristor rectifiers for large drives; thyristor rectifiers for scrap melting furnaces, and diode 
rectifiers feeding inverters for variable speed drives. The standard also covers the regulating 
unit utilized in such application as step down regulating transformers or autotransformers. The 
valve winding highest voltage for equipment is limited to 36 kV. 

IEC 61378-
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TRANSFORMATEURS DE CONVERSION –  
 

Partie 3: Guide d'application 
 
 
 

1 Domaine d'application 

La présente partie de l’IEC 61378 fournit aux utilisateurs des informations sur des sujets 
spécifiques pour lesquels il existe des différences de conception, de construction, d'essais et 
de conditions de fonctionnement entre les transformateurs industriels et de conversion CCHT 
d'une part et les transformateurs conventionnels utilisés dans les systèmes de puissance 
d'autre part. En outre l'objectif de la présente partie de l’IEC 61378 est de fournir aux 
fabricants les éléments techniques de fond qui constituent la base des principes utilisés dans 
l’IEC 61378-1 et l’IEC 61378-2. 

La présente partie de l’IEC 61378 est prévue pour compléter et non pour remplacer ou 
annuler le guide d'application pour les transformateurs de puissance, l’IEC 60076-8, dans la 
mesure où nombre des principes généraux contenus dans ladite publication s'appliquent 
également aux transformateurs de conversion. 

2 Références normatives 

Les documents suivants sont cités en référence de manière normative, en intégralité ou en 
partie, dans le présent document et sont indispensables pour son application. Pour les 
références datées, seule l’édition citée s’applique. Pour les références non datées, la dernière 
édition du document de référence s’applique (y compris les éventuels amendements). 

IEC 60076-1:2011, Transformateurs de puissance – Partie 1: Généralités 

IEC 60076-5:2006, Transformateurs de puissance – Partie 5: Tenue au court-circuit 

IEC 60076-14:2013, Transformateurs de puissance – Partie 14: Transformateurs de 
puissance immergés dans du liquide utilisant des matériaux isolants haute température 

IEC 60296, Fluides pour applications électrotechniques – Huiles minérales isolantes neuves 
pour transformateurs et appareillages de connexion 

IEC 60422, Huiles minérales isolantes dans les matériels électriques – Lignes directrices pour 
la maintenance et la surveillance 

IEC 61378-1:2011, Transformateurs de conversion – Partie 1: Transformateurs pour 
applications industrielles 

IEC 61378-2:2001, Transformateurs de conversion – Partie 2: Transformateurs pour 
applications CCHT 

3 Termes et définitions 

Pour les besoins du présent document, les termes et définitions donnés dans l’IEC 61378-1 et 
l’IEC 61378-2 s’appliquent 

 
 
 
 
 
 
 
 
 
 
 
 
 

 




