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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
RAILWAY APPLICATIONS –ELECTRONIC POWER CONVERTERS FOR 

FIXED INSTALLATIONS – 
PART 2-1: DC TRACTION APPLICATIONS – UNCONTROLLED RECTIFIERS 

 
 

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 62590 has been prepared by IEC technical committee 9: Electrical 
equipment and systems for railways. 

This standard is based on IEC 62590 Ed.2, IEC 62589 and IEC 62695. 

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

FDIS Report on voting 

9/xxxx/FDIS 9/xxxx/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. 
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INTRODUCTION 1 

Electronic power converters for traction power supply differ from other converters for industrial 2 
use due to special electrical service conditions and due to the large range of load variation and 3 
the peculiar characteristics of the load. 4 

For these reasons IEC 60146-1-1 does not fully cover the requirements of railway applications 5 
and the decision was taken to have a specific standard for this use. 6 

Uncontrolled rectifiers consist of a rectifier diode assembly and a transformer. Both fulfil 7 
common requirements. The transformer determines the voltage versus current characteristic. 8 

Converter transformers for fixed installations of railway applications are covered by IEC 62695. 9 

The series of IEC 62590 consists of the following parts: 10 

IEC 62590-1 Railway applications– Electronic Power Converters for fixed installations – Part 1: 11 
General requirements 12 

IEC 62590-2-1 Railway applications – Electronic Power Converters for fixed installations – 13 
Part 2-1: DC traction applications – Uncontrolled rectifiers 14 

IEC 62590-2-2 Railway applications – Electronic Power Converters for fixed installations – 15 
Part 2-2: DC traction applications – Controlled converters 16 

IEC 62590-3-1 Railway applications – Electronic Power Converters for fixed installations – 17 
Part 3-1: AC traction applications – Electronic power compensators 18 

IEC 62590-3-2 Railway applications – Electronic Power Converters for fixed installations – 19 
Part 3-2: AC traction applications – Static frequency converters 20 

21 
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RAILWAY APPLICATIONS –  22 
ELECTRONIC POWER CONVERTERS FOR FIXED INSTALLATIONS – 23 

PART 2-1: DC TRACTION APPLICATIONS – UNCONTROLLED RECTIFIERS 24 
 25 
 26 

1 Scope 27 
This document describes functions and working principles, specifies requirements, interfaces 28 
and test methods of uncontrolled rectifiers for DC electric traction systems. Uncontrolled 29 
rectifiers connect a 3AC power network with a DC electric traction system with an unidirectional 30 
power flow using diode assemblies. 31 

The coordination between the transformer and the rectifier diode assembly is included. 32 

This document applies to fixed installations of following electric traction systems: 33 

• Railway networks 34 

• metropolitan transport networks including metros, tramways, trolleybuses and fully 35 
automated transport systems, magnetic levitated transport systems, electric road systems. 36 

2 Normative references 37 

The following documents are referred to in the text in such a way that some or all of their content 38 
constitutes requirements of this document. For dated references, only the edition cited applies. For 39 
undated references, the latest edition of the referenced document (including any amendments) applies.” 40 

IEC/TR 60146-1-2:2019, Semiconductor converters - General requirements and line 41 
commutated converters - Part 1-2: Application guide 42 

IEC 62695:2014, Railway applications - Fixed installations - Traction transformers 43 

IEC 61000-2-12:2003, Electromagnetic compatibility (EMC) - Part 2-12: Environment; 44 
Compatibility levels for low-frequency conducted disturbances and signalling in public medium-45 
voltage power supply systems; Basic EMC Publication 46 

IEC 62590-1  as soon as published Railway applications – Electronic Power 47 
Converters for fixed installations – Part 1: General  48 

IEC 60076-1:2011, Power transformers - Part 1: General 49 

3 Terms, definitions, symbols and abbreviated terms 50 

For the purposes of this document, the following terms and definitions apply.  51 

ISO and IEC maintain terminological databases for use in standardization at the following 52 
addresses:  53 

• IEC Electropedia: available at http://www.electropedia.org/  54 

• ISO Online browsing platform: available at http://www.iso.org/obp 55 
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3.1 Terms and definitions 56 

3.1.1  57 
semiconductor device 58 
device whose essential characteristics are due to the flow of charge carriers within a 59 
semiconductor 60 

Note 1 to entry: The definition includes devices whose essential characteristics are only in part due to the flow of 61 
charge carriers in a semiconductor but that are considered as semiconductor devices for the purpose of specification. 62 

[SOURCE: IEC 60050-521:2002, 521-04-01] 63 

3.1.2  64 
electronic power converter 65 
operative unit for electronic power conversion, comprising one or more electronic valve devices, 66 
transformers and filters if necessary and auxiliaries if any 67 

Note 1 to entry: In English, the two spellings "convertor" and "converter" are in use, and both are correct. In this 68 
document, the spelling "converter" is used in order to avoid duplications. 69 
[SOURCE: IEC 60050-551:1998 551-12-01, modified – figure not used, and parentheses 70 
removed] 71 

3.1.3  72 
rectifier 73 
AC/DC converter for rectification 74 

[SOURCE: IEC 60050-551:1998 551-12-07, modified – figure not used] 75 

3.1.4  76 
rectifier diode assembly 77 
valve device assembly for rectification 78 

Note 1 to entry: Often the term rectifier is used instead of rectifier diode assembly. 79 

3.1.5  80 
ideal no-load direct voltage 81 
Udi 82 

theoretical no-load direct voltage of an AC/DC converter assuming no reduction by phase 83 
control, no threshold voltages of electronic valve devices, and no voltage rise at small loads 84 

[SOURCE: IEC 60050-551:1998, 551-17-15] 85 

 86 
3.1.6  87 
real no-load direct voltage 88 
Ud00 89 

actual mean direct voltage at zero direct current 90 

[SOURCE: IEC 60050-551:1998, 551-17-29, modified - “the” removed] 91 

3.1.7  92 
ideal crest no-load voltage 93 
UiM 94 

crest value of the voltage, appearing between the end terminals of an arm neglecting internal 95 
and external voltage surge and voltage drops in valves, at no load 96 
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3.1.8  97 
transition current 98 
mean direct current of a converter connection when the direct current(s) of the commutation 99 
group(s) become(s) intermittent when decreasing the current 100 

[SOURCE: IEC 60050-551:1998, 551-17-20, modified - “the” removed] 101 

3.1.9  102 
leakage reactance of the primary winding <of a three-winding transformer> 103 
Xp 104 
difference between the mean of the short circuit reactance values measured between the 105 
primary winding and each secondary winding and one half of the short circuit reactance 106 
measured between the two secondary windings 107 

3.1.10  108 
leakage reactance of each of the secondary windings <of a three-winding transformer> 109 
XS1, XS2 110 
sum of the half difference of the short circuit reactance values measured between the primary 111 
winding and each secondary winding and one half of the short circuit reactance measured 112 
between the two secondary windings 113 

3.1.11  114 
reactance ratio <of a three-winding transformer> 115 
coupling factor < of a three-winding transformer> 116 
K 117 
ratio between the leakage reactance of the primary winding and the sum of the leakage 118 
reactances of the primary and secondary winding 119 

Note 1 to entry: In case of a traction transformer with two secondary windings, used for a twelve-pulse reaction 120 
converter, the reactance ratio is designed to have the same no-load secondary voltages and the same impedance 121 
between the primary and each secondary winding, in order to obtain an even sharing of the current on both bridges 122 
in case the DC outputs are paralleled. Then XS1 = XS2 = XS and 123 

K = Xp / (XS + Xp) 124 

3.1.12  125 
interphase transformer 126 
electromagnetic device enabling the operation in parallel of two or more phase displaced 127 
commutating groups through inductive coupling between the windings placed on the same core 128 

[SOURCE: IEC 60050-551:1998, 551-14-16, modified - “an” removed] 129 

3.1.13  130 
rated 3AC voltage 131 
rated voltage of the rectifier on the 3AC power network side 132 

3.1.14  133 
rated 3AC voltage of a rectifier diode assembly 134 
highest value of the transformer traction side no load voltage that a rectifier diode assembly is 135 
designed for 136 

3.1.15  137 
rated load <of a rectifier> 138 
rated current <of a rectifier> 139 

INd 140 

value of a DC current a rectifier is designed for. 141 
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Note 1 to entry: All rated values of the components are derived from this value 142 

Note 2 to entry: A rectifier can have a rated continuous load and rated loads in conjunction with a duty class. 143 

3.1.16  144 
rated power <of a rectifier> 145 
rated direct current multiplied with DC voltage at rated current 146 

3.1.17  147 
rated short circuit current <of a rectifier diode assembly> 148 
short circuit withstand current of a rectifier diode assembly for every 3AC connection 149 

Note 1 to entry: A 12-pulse parallel connection should have 2 times the rated short circuit current as a total short 150 
circuit current.  151 

Note 2 to entry: It is an initial short circuit current according to IEC 60909. 152 

 153 

3.2 Symbols 154 
drN resistive direct voltage drop of the rectifier related to Udi at rated current 155 

dxN inductive direct voltage drop of the rectifier related to Udi at rated current 156 

Idlinmax maximum current value of the range of linear voltage drop 157 

INd rated DC current on the traction side of the rectifier 158 

IV transformer phase current on the valve side 159 

K coupling factor 160 
Ud00 real no-load direct voltage, theoretically resulting from peak value of a symmetrical 161 

sinusoidal 3AC voltage Uv0 162 

Udi ideal no-load direct voltage 163 

UiM ideal crest no-load voltage 164 

ukt impedance voltage of the transformer 165 

ukt1, ukt2  impedance voltage of a three-winding transformer with one secondary winding 166 
shorted for winding 1 respective winding 2 167 

UNd DC voltage at rated DC current in V 168 

Uv0 no-load phase to phase voltage of the transformer valve side 169 

Xp leakage reactance of the primary winding (for three winding transformer) 170 

XS mean value of the leakage reactance of each of the secondary windings (for three 171 
winding transformer) 172 

XS1 XS2 leakage reactance of each of the secondary windings (for transformer with two 173 
secondary windings)  174 

XscP/S1 short circuit reactance between the primary winding and secondary winding 1   175 
(for transformer with two secondary windings) 176 

XscP/S2 short circuit reactance between the primary winding and secondary winding 2   177 
(for transformer with two secondary windings) 178 

XscS1/S2  short circuit reactance between both secondary windings  179 
(for transformer with two secondary windings) 180 

XscP/S1S2 short circuit reactance between the primary winding and both secondary windings 181 
(for transformer with two secondary windings) 182 
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