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For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.
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an alternative cannot be supported
as serious problems have been
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS —
COORDINATION REQUIREMENTS
AND ENERGY-SAVING POTENTIAL EVALUATION
FOR ENERGY FEEDBACK SYSTEMS IN DC TRACTION SYSTEM

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) IEC draws attention to the possibility that the implementation of this document may involve the use of patents.
IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in respect
thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which may
be required to implement this document. However, implementers are cautioned that this may not represent the
latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC shall
not be held responsible for identifying any or all such patent rights.

International Standard IEC 63477 has been prepared by IEC technical committee 9: Electrical
equipment and systems for railways.

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

Draft Report on voting

9/IXXXX/FDIS 9IXXXX/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.

The language used for the development of this International Standard is English. Documents
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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.

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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1 INTRODUCTION

2 In order to save natural resources and meet the challenge of global warming, energy-saving
3  technology has been paid more and more attention. An important measure in the railway
4 industry is to use the regenerative braking energy of the train. This measure not only saves
5 energy, but also improves maintainability and reduces the heat emission of trains.

Due to the unidirectional characteristics of rectifier in DC traction power supply system, the
7 utilization of regenerative braking energy is limited.

8 The traditional method is to absorb regenerative energy by the other vehicle(s) running under
9 the same DC traction power supply system; otherwise the excess energy will be dissipated by
10 the resistors installed on the vehicle or on the ground to convert the surplus regenerative
1 braking energy into heat, which is called energy consumption system. Because this scheme
12 cannot save energy and may even increase the cooling consumption, there is no new
13 application at present. One of the measures to solve this limitation is energy storage system,
14 which has been widely used in many countries and issued corresponding standards in IEC
15  standard system. The other measure is the Energy Feedback System (EFS). When the
16 regenerative energy cannot be fully utilized within DC traction power supply system, the EFS
17 can be used to convert the surplus regenerative energy to the upstream AC system for reuse.

18 Many companies are now providing EFSs, but the relevant international standards have not yet
19 been issued. Therefore IEC/TC9 planned two standards. The IEC 62590-2-2 focuses on the
20 converter itself, while in this document EFS is specified on its coordination with other
21 subsystems, the location and sizing, and the energy-saving effect evaluation.
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22 RAILWAY APPLICATIONS - FIXED INSTALLATIONS -

23 COORDINATION REQUIREMENTS

24 AND ENERGY-SAVING PERFORMANCE EVALUATION

25 FOR ENERGY FEEDBACK SYSTEMS IN DC TRACTION SYSTEM
26

27

28 1 Scope

29  This document applies to coordination between Energy Feedback System (EFS) and other
30 equipment in DC traction power supply system (TPSS), specifies the functions, electric
31 connection, location and capacity coordination requirements and integration tests, provides
32  energy-saving evaluation methods.

33  This document is applicable to all voltage levels of DC traction power supply system specified

34 in |EC 60850.

35 This document applies to:
36 — EFS serving as an inverter with energy feedback function.
37 — EFS serving as a reversible converter with energy feedback function.

38 2 Normative references

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

43 EC 60850, Railway applications - Supply voltages of traction systems

44 IEC 62590-2-2, Railway applications — Electronic power converters for fixed installations —Part
45 2-2: DC Applications — Controlled converters

46 IEC 62427, Railway applications — Compatibility between rolling stock and train detection
47 systems

48 3 Terms, definitions and abbreviations
49 For the purposes of this document, the following terms and definitions apply.

50 ISO and IEC maintain terminology databases for use in standardization at the following
51 addresses:

52 e |EC Electropedia: available at https://www.electropedia.org/
53 e |ISO Online browsing platform: available at https://www.iso.org/obp

54 3.1 Terms and definitions

55 3.1
56 energy feedback system
57 EFS

58 set of equipment which recovers regenerative energy from DC traction power supply system to
59 3AC power network operating in coordination with other equipment in DC traction power supply
60  system
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61 3.1.2

62 threshold voltage <of energy feedback system>
Un

63

64 DC voltage value of EFS switching from idle state to energy feedback state

65 3.1.3
66 Energy fed back by EFS
67 EEFS

68  energy value which is the energy fed back by one EFS or several EFSs.

69 3.1.4
70 Ratio of energy-saving
71 ROES

72 ratio of the reduction of the energy consumption value of the DC TPSS with operated EFS to
73 the energy value of the DC TPSS without operated EFS

74 According to different application scenarios, three formulas (1) to (3) can be chosen to calculate

75 the RoOES.
RoES] = 2 E2
76 Ei (1)
EErs

77 ROES2=——"" (2)
vehicle T~ others

78 RoES3 = LS Erer (3)
vehicle T ™ others

79 where

80 E, represents the energy consumption of the TPSS without operated EFS,

81 E, represents the energy consumption of the TPSS with operated EFS under the same operation
82  condition as E1,

83 E,enicle represents the energy value which is the energy consumed or generated by vehicle,
84 including vehicle traction energy consumption, vehicle generative energy, and vehicle auxiliary
85 system energy,

86 Eomers represents the sum of energy consumption of all systems except E,cphicie in Substation, including
87 Lighting energy consumption, elevator energy consumption, HVAC energy consumption, etc.,

88 Ergr represents the energy value which is the energy returned to the 3AC power network.

89 Note 1 to entry: The three formulas are suitable for different application requirements. Formula (1) is universal, but
90 E1, E2 needs to be obtained under exactly the same conditions, and the simulation-based method is more
91 appropriate. Formula (2) considers the ratio of energy saving from the perspective of the EFS device, but if the ratio
92 of energy saving is considered from the perspective of the traction power supply system, it is recommended to choose

93 formula (3).

94 Note 2 to entry: Formulae (1) to (3) are defined based on applications that do not consider renewable energy and
95 energy storage system.
96 Note 3 to entry: In the process of obtaining E,, E,, E,cphicles Eothers: Ergr: Whether to consider the related energy losses
97 of the equipment and system, and the energy periods, shall be based on the same considerations.
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3AC Power network
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DC Traction Power Supply System

98

99 Figure 1 — EFS connection to primary side of the rectifier transformer

100 3.1.5

101 Recycling ratio

102 RR . _

103  energy fed back by EFS to traction energy consumption
Ekrs

104 RR = (4)
Evehicle

105 Note 1 to entry: RR is not used to evaluate the energy saving accurately, but can to some extent represent the

106 energy saving effect practically.

107 3.1.6

108  island mode
109 operating mode where the electrical installation operates while disconnected from the 3AC
110 power network

111 [SOURCE: IEC 60050-826: 2022, 826-20-02, modified — The original “public network” changed
112 to “3AC power network”.]

13 3.1.7

114 anti-islanding protection

115 protection function or combination of protection functions preventing an unintentional island to
116 be supplied with electrical energy by distributed energy resources

117 Note 1 to entry: An anti-islanding protection usually includes the detection of system conditions which
118 could lead to an unintentional island.

119  [SOURCE: IEC 60050-617:2017, 617-04-19]

120 3.1.8
121 real no-load direct voltage
122 Ugoo

123 actual mean direct voltage at zero direct current

124 [SOURCE: |EC 60050-551:1998, 551-17-29, modified — “the” removed]
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125  3.1.9
126 conventional no-load direct voltage
127 Ugo

128 mean value of the direct voltage which would be obtained by extrapolating the direct
129  voltage/current characteristic from the region of continuous flow of direct current to zero current
130  at zero trigger delay angle, i.e. without phase control

131 [SOURCE: IEV 551-17-17, modified — “the” removed]

132 3.1.10
133 vehicle voltage regulation threshold
134 Up;

135 vehicle voltage regulation threshold, which is the instantaneous voltage value when the on-
136 board chopper switching from off-state to on-state if there is with on-board resistor in the
137 vehicle, or when the electric braking beginning to relief if there is without on-board resistor in
138 the vehicle

139 3.1.11
140 maximum electric braking voltage
141 Upmax

142 maximum electric braking voltage of a vehicle

143  3.1.12

144  centralized power supply configuration

145 power supply configuration in which the specially set main substation supplies power to all
146 traction substations and step-down substations, shown as Figure 2

3AC Power network
Transformer of
the main substation

Ekrs Eothers H

Evenicle
I

™
tn
=
v
el
<
=3
(<]
2

3~ | Non-Traction §
DC | Load §

H
I
N
I

au
I
=
N
I

147 DC Traction Power Supply System

148 Figure 2 — Centralized power supply configuration

149  3.1.13

150  distributed power supply configuration

151 power supply configuration in which the each type of substations are supplied power by the
152 medium voltage power supply scattering along the line, shown as Figure 3
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