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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
COMPATIBILITY BETWEEN ROLLING STOCK
AND TRAIN DETECTION SYSTEMS

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). 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.

IEC 62427 has been prepared by IEC technical committee 9: Electrical equipment and systems
for railways. It is an International Standard.

This document is based on EN 50238-1:2019.

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes a technical revision.

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

a) generic compatibility process, which is broken into a two-stage process depending on

whether there are established compatibility limits or not;

b) rules for characterization of train detection systems;


https://standards.iteh.ai/catalog/standards/iec/a73fb452-eb88-4880-b03b-886be857431f/iec-62427-2024
https://standards.iteh.ai/catalog/standards/iec/a73fb452-eb88-4880-b03b-886be857431f/iec-62427-2024

-6 - IEC 62427:2024 © IEC 2024

c) rules for characterization of rolling stock;
d) rules for characterization of the power system;

e) informative references are provided in notes to established CENELEC standards for
compatibility;

f) terminology is updated.

The text of this International Standard is based on the following documents:

Draft Report on voting

9/3115/FDIS 9/3142A/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.

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, or

e revised.

IMPORTANT - The "colour inside™ logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This document defines a process to demonstrate compatibility between rolling stock operating
on an area of use or network and train detection systems installed in this area of use or network.

Currently, general rules for the maximum levels of interference allowed, and maximum
susceptibility levels (or minimum required immunity levels) are not established in every country.
This is due to the great diversity of rolling stock, power supply and return current systems, and
train detection systems installed in each country. This diversity leads to consideration of
compatibility of rolling stock and train detection systems on a "route by route" or "network by
network" basis, to avoid unnecessarily restrictive specifications.

The compatibility process described in this document is generic. The process refers to all types
of train detection systems (TDS), which may be influenced by electromagnetic emissions of
rolling stock or traction power supply systems, (e.g. axle counters, track circuits, wheel
detectors, loops).

Compatibility is determined by both physical and electromagnetic considerations. With regard
to the electromagnetic compatibility, the need is not for general values for maximum levels of
interference permitted, and maximum susceptibility levels (or minimum required immunity levels)
but for convenient methods by which to specify the level of interference allowed for operation
on routes or a network.

Main interference sources are considered to be:

— rail currents and voltage sources;
— electromagnetic fields;

— differential voltage between adjacent axles of the train;

as shown in Figure 1.

[@I0) 00 [@]@) Feeder
W‘q fwl station
Electromagnetic field Rail current transfer
transfer functions functions
Wheel Track
detector circuit Others

IEC
Figure 1 — Sources of electromagnetic interference

In practice, the susceptibility of the system is determined by:

— the sensitivity of individual components of the system and the type of interference it is
susceptible to;

— the application of the components, i.e. the configuration of the system.
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Therefore the problems concerning TDS are considered separately for each type.

o National rules or standards, including agreements among stakeholders, define compatibility
limits for track circuits;

o National rules or standards, including agreements among stakeholders, define compatibility
limits for axle counters and wheel detectors;

e National rules or standards, including agreements among stakeholders, define the testing
method of rolling stock for electromagnetic compatibility with axle counters;

e Compatibility with other types of wheel detectors (mechanical or magnetic) is described in
5.4;

o Compatibility with loops can be established following the guidance in 5.5;

o Compatibility with any other type of TDS not explicitly covered by this document can also
be established following the generic process in this document.

NOTE 1 In Europe, CLC/TS 50238-2, CLC/TS 50238-3 and EN 50592 provide compatibility limits for track circuits,
compatibility limits for axle counters and wheel detectors, and the testing method of rolling stock for electromagnetic
compatibility with axle counters, respectively.

For determining the susceptibility of signalling systems, laboratory/simulation testing methods
and in situ tests on the "real railway" are proposed. Modelling enables worst-case conditions to
be simulated. In addition, particular test sites are selected because, from experience, they are
expected to provide the test evidence required.

Then, taking account of the experience of the railways, it is possible to establish a general
method for determining the susceptibility of train detection systems, described in this document.

NOTE 2 In Europe, general requirements on how to establish immunity have been defined in EN 50617-1 and
EN 50617-2.

Before assessing the electromagnetic emissions of rolling stock, sufficient knowledge of the
electric circuit diagram of the power equipment is important, including switching frequencies of
on-board power converters, type of regulation used for power converters, resonant frequency
of each filter, operating limits under high and low supply voltages, degraded modes of operation.
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RAILWAY APPLICATIONS -
COMPATIBILITY BETWEEN ROLLING STOCK
AND TRAIN DETECTION SYSTEMS

1 Scope

This document describes a process to demonstrate compatibility between rolling stock (RST)
and train detection systems (TDS). It describes the characterization of train detection systems,
rolling stock and traction power supply systems.

It is worth noting that the demonstration of technical compatibility between the rolling stock and
infrastructure with respect to physical dimensions is not detailed in this document.

This document is not generally applicable to those combinations of rolling stock, traction power
supply and train detection system which were accepted as compatible prior to the publication
of this document. However, as far as is reasonably practicable, this document can be applied
to modifications of rolling stock, traction power supply or train detection systems which can
affect compatibility. The detailed process can be used where no rules and processes for
compatibility are established.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

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

e |EC Electropedia: available at https://www.electropedia.org/

e |ISO Online browsing platform: available at https://www.iso.org/obp

3.11
competent body
body responsible for the independent evaluation of the compatibility case

Note 1 to entry: This can be an accredited conformity body or an independent safety assessor. This role is not
limited to external parties, unless mandated under the applicable legislation.

3.1.2

compatibility case

set of documents which records the evidence demonstrating the degree of compatibility
between rolling stock, traction power supplies and train detection systems for a specific route
or specific railway network

[SOURCE: IEC 60050-821:2017, 821-03-47]
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3.1.3

degraded modes, pl

modes of operation in the presence of faults which have been anticipated in the design of the
signalling system or the rolling stock

[SOURCE: IEC 60050-821:2017, 821-01-52]

314

traction power supply system

part of the overall electricity energy supply system, not extending beyond the dedicated feeder
stations on the rail network

Note 1 to entry: |IEC 62313 applies at the interface to the national electricity supply network.

3.1.5
wheel detector
sensor which detects the passage of a wheel

Note 1 to entry: A wheel detector can be used as part of an axle counter or as a treadle.

[SOURCE: IEC 60050-821:2017, 821-03-53]

3.2 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

AC Alternating current

DC Direct current

IM Infrastructure manager
MVA Megavoltampere

NTR National technical rule
RINF Register of infrastructure
RST Rolling stock

TDS Train detection system
WSF Wrong side failure

4 Compatibility process

4.1 Overview

The party which introduces a new element or introduces a change of an existing element or
system is responsible for demonstrating compatibility between rolling stock, train detection,
traction power supply systems and neighbouring infrastructure, if applicable. The party is
responsible for initiating the compatibility process. The relevant data shall be made available
to the party responsible for constructing and/or amending the compatibility case. If data are not
available or not sufficient, alternative arrangements can be made by both the responsible party
and the affected party to demonstrate compatibility, for example by carrying out specific
compatibility tests. It is recommended that a competent body evaluates the compatibility case
if the stakeholders consider the modification to be a significant change. In 4.2 to 4.8, the specific
tasks to demonstrate compatibility are listed and explained.

4.2 Detailed compatibility process

The compatibility process is summarized in Figure 2.
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Test plan
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compatibility limits? compatibility
Adjacent infrastructure and other rolling stock to be considered only if relevant. IEC

Figure 2 — The compatibility process

4.3 Building the compatibility argument

A compatibility case in compatibility analysis shall be prepared, following the process depicted
in Figure 2, including but not limited to the:
a) definition of the scope of the compatibility case, including:
e new element to be introduced;
o identification of the route or area of use (network) if applicable;
e operational conditions;
b) description of the overall rail system including:
e infrastructure:
— train detection system (frequency-wide immunity limits if available);
— track parameters relevant for the train detection system (e.g. earthing and bonding);
— traction power supply and line parameters;
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e rolling stock in any configuration, including degraded modes:
— relevant operational conditions e.g. power limitations;

— factors affecting rolling stock characteristics and compatibility as listed in Annex C,
identification of disturbance sources, their behaviour and/or applicable summation
rules;

e adjacent infrastructure and other rolling stock, if applicable;

c) theoretical analysis (e.g. simulation) against requirements of the scope including
assumptions:

e derive the permissible interference per on-board source using the analysis in 4.8;
d) test plan taking account of the results of the theoretical analysis;
e) test reports — see Clause 8;
f) assessment of theoretical analysis and test reports against requirements:
o related compatibility cases;
e check of validity of assumptions;
e check if restrictions may be lifted or relaxed;
g) quality management plan and evidence.

If a competent body is appointed, then it is recommended to involve them at each step of the
compatibility case.

It is recognized that characterization of interference generated and propagated by rolling stock
can be a time consuming process, which may require a significant amount of testing during
service operations in order to refine the characteristics. Therefore, provided that the risks to all
parties can be demonstrated to be acceptable, temporary operational conditions may be
imposed prior to full compatibility being established.

Hereunder specific aspects of the compatibility case will be further outlined.

4.4 Quality management

Quality management systems shall be in place. The importance of configuration management
should be noted.

The configuration state of the relevant infrastructure and rolling stock (including maintenance
processes and schedules) shall be recorded and referenced within the compatibility case. Any
subsequent changes to these configurations shall lead to an examination of the continued
validity of the compatibility case.

4.5 Route identification for introduction of RST (new or changed)

In order to accept a particular rolling stock in respect of a particular route or network, the
different types and applications of train detection systems and traction power supply systems,
if applicable, on the network or on the route and on adjacent routes which can be affected shall
be identified. In addition to the intended operational route(s), alternative route(s), which may
be required in the event of disruption to traffic shall also be considered.

4.6 Introduction of infrastructure elements (new or changed)

In order to accept a particular infrastructure change (e.g. TDS or traction power supply) in
respect of a particular route or network, the different types of RST, TDS and traction power
supply systems on the network or on the route and on adjacent routes, which may be affected,
shall be identified.
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4.7 Characterization

The characteristics of the identified systems shall be obtained in accordance with the following
clauses:

For train detection systems: Clause 5;
For rolling stock: Clause 6;
For power supply systems: Clause 7.

4.8 Compatibility analyses
4.8.1 General terms

It shall be demonstrated that the rolling stock characteristics for generated and propagated
interference comply with the train detection system limits, under defined operating conditions,
including degraded modes.

NOTE 1 EN 50617-1, EN 50617-2, EN 50592 are available for operating conditions in Europe.

The relationship between rolling stock and infrastructure is shown in Figure 3. The information
flow may be in either direction depending on which system is to be changed.

NOTE 2 Compatibility is now based on worst-case conditions. This results in very severe requirements for rolling
stock interference limits, while in practice the tolerable interference level is much higher due to overall degradation
of older systems and interference produced by the current collecting system. Despite this situation, the cases with
hazards caused by interference are very rare. It is obvious that a perspective of risk calculation will ease the
interference current requirement by probably a decade.

The safety margin is applicable for safety related tests, where train detection technology implies
WSF. The availability margin is applicable for availability related tests.

NOTE 3 All applicable parameters for compatibility cases of track circuits and axle counters in Europe can be
identified from EN 50617-1 and EN 50617-2 respectively.

The compatibility analysis is mandatory and shall explain the technical principles which ensure
compatibility, including (or giving reference to) all supporting evidence, e.g., calculations, test
plans and results.

The method of analysis of fault modes shall be agreed between the parties listed in 4.3.

The scenario for compatibility including the worst case shall be described with the following
parameters:

— transfer function between interference sources (rolling stock and infrastructure) and
sensitivity level of the used TDS in the specified frequency band;

— characteristics, operating modes and conditions of rolling stock (normal and degraded
modes of RST and maximum torque, speed or other operating conditions);

— characteristics and operating conditions (normal and degraded modes) of traction power
supply, including substation parameters and traction return path;

— safety and/or availability margin taking account of the above modes and conditions. Track
circuit sequencing is considered when safety or availability margins are agreed.

NOTE 4 Testing during operation in service on one vehicle will establish a probability for generated interference,
e.g. a level down to once per 1 000 h during several months of testing. This is only sufficient for the basic level of
generated interference current.

Both on-board systems and/or infra-side systems can be used to monitor the probability of
occurrence of high levels of interference currents, provided they remain compatible with the
various immunity levels of the propagation and detection systems.
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4.8.2 Transfer function

The "transfer function" expresses the relation between the received interference signal at the
train detection system equipment and the total interference signal generated by rolling stock.

Let the transfer function be denoted by F.

Let the interference signal at the train detection system equipment caused by a single train
and/or multiple trains at the electric section be denoted by /ps.

Let the interference signal generated by the rolling stock be denoted by Irg.

The interference signal is then:

Itps = F % Igg

The maximum permissible interference signal at the train detection system equipment Itpgmax

is determined by the sensitivity of the train detection system equipment. Let the total permissible
interference generated by rolling stock be denoted by /g, Then:

IRStot = ITDSmax I'F

Where multiple sources (rolling stock and substations) may contribute to the total interference
signal, the permissible interference per source shall take this into account.

NOTE 1 Line resonances and phase sensitive receivers can be part of the evaluation of compatibility.

NOTE 2 In Europe, CLC/TS 50238-2 provides possible guidance on the application of the transfer function
considering multiple sources.

Note that the permissible interference signal will have two values determined by the following
criteria:

— the signal which may cause the train detection system to show clear when it is in fact
occupied (a wrong side failure, i.e. a matter of safety);

— the signal which may cause the train detection system to show occupied when it is in fact
clear (a right side failure, i.e. a matter of availability). The effect on interlocking logic shall
however be considered.

The process of application of the summation rules can be applied in both directions as depicted
in Figure 3.
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