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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
COMPATIBILITY BETWEEN ROLLING STOCK
AND TRAIN DETECTION SYSTEMS

FOREWORD

all natignal electrotechnical committees (IEC National Committees). The object of IEC is to promote,in
co-operation on all questions concerning standardization in the electrical and electronic fields. (Tio-tl
in addit|on to other activities, IEC publishes International Standards, Technical Specifications, Techniq
Publicly| Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication
prepardtion is entrusted to technical committees; any IEC National Committee interested. ifiithe subjeq
may patfticipate in this preparatory work. International, governmental and non-governmental-organizati

ternational
is end and
al Reports,
s)"). Their
t dealt with
pns liaising

with thg IEC also participate in this preparation. IEC collaborates closely with the International Orgapization for

Standafdization (ISO) in accordance with conditions determined by agreement between the two orga

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an if
consensus of opinion on the relevant subjects since each technical committee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international, use and are accepted by IH
Committees in that sense. While all reasonable efforts are madeto,'ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for¢sthe/way in which they are used
misintefpretation by any end user.

In ordef to promote international uniformity, IEC Nationalk€ommittees undertake to apply IEC H
transpafently to the maximum extent possible in their national and regional publications. Any divergen
any IEQ Publication and the corresponding national or regional publication shall be clearly indicated i

IEC its¢lf does not provide any attestation of confermity. Independent certification bodies provide
assessinent services and, in some areas, access/to |[EC marks of conformity. IEC is not responsi
service$ carried out by independent certification.bodies.

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

No liabjlity shall attach to IEC or its directors, employees, servants or agents including individual €
membefs of its technical committees-and IEC National Committees for any personal injury, property
other dgmage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publicalions.

Attentign is drawn to the /Normative references cited in this publication. Use of the referenced puH
indispepsable for the cqrrect application of this publication.

IEC drgws attentiopyte“the possibility that the implementation of this document may involve the
patent($). IEC takes‘no position concerning the evidence, validity or applicability of any claimed patd
respect|thereof.*As.of the date of publication of this document, IEC had not received notice of (a) pate
may be|requjred to implement this document. However, implementers are cautioned that this may ng
the lategst infermation, which may be obtained from the patent database available at https://patents|
shall njf be.held responsible for identifying any or all such patent rights.

hizations.
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bn from all
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h the latter.
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damage or
fees) and
other IEC

lications is

use of (a)
nt rights in
ht(s), which
t represent
jec.ch. IEC

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;
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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 infor
the abovg

The lang

This doc
accordan

at www.ifc.ch/members_experts/refdocs. The main document, types developed by

describe

The committee has decided that the contents of this document will remain unchanged

stability
specific ¢

e reconffirmed,

mation on the voting for its approval can be found in the report on voting, ing
b table.

lage used for the development of this International Standard is English.

icated in

Iiment was drafted in accordance with ISO/IEC Directives,-Part 2, and devgeloped in
ce with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, [available

in greater detail at www.iec.ch/publications.

IEC are

until the

jate indicated on the IEC website under webstore.iec.ch in the data related to the

ocument. At this date, the document will be

e withdfawn, or
e revised.
IMPORTANT - The "colour inside” logo on the cover page of this document indicates

that it c

of its contents. Users-should therefore print this document using a colour prin

ontains colours which are considered to be useful for the correct undersﬁ

anding
er.
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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,id
of train detection systems (TDS), which may be influenced by electromagnetic @emi
ock or traction power supply systems,

rolling s
detectorgd, loops).

Compatibility is determined by both physical and electromagnetic considerations. Wi
to the elgctromagnetic compatibility, the need is not for general values-for maximum
interferernce permitted, and maximum susceptibility levels (or minimum’required immur
but for cgnvenient methods by which to specify the level of interference allowed for

on routeq or a network.

Main intefrference sources are considered to be:

— rail cdrrents and voltage sources;

— electjomagnetic fields;

— differ¢ntial voltage between adjacent axles:of the train;

as showr] in Figure 1.

(e.g. axle counters, trackqgircuit

QQ

QO QO

v

7

il

Feeder
station

Electromagnetic field
transfer functions

Rail current transfer
functions

N

Wheel

Track

QOthers

all types
5sions of
s, wheel

th regard

levels of
ity levels)
bperation

detector

circuit

Figure 1 — Sources of electromagnetic interference

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

IEC

— 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;

e 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,

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

e Comgatibility with any other type of TDS not explicitly covered by this document|can also
be esfablished following the generic process in this document.

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

For deteqmining 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 dpcument.

NOTE 2 Ipn Europe, general requirements on how to establish immunity have been defined in EN 5(617-1 and
EN 50617-2.

Before agsessing the electromagnetic emissions of rolling stock, sufficient knowledge of the
electric cjrcuit 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 gperation.
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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,

i ock and traction nower sunnly svystems
rolling st p PRH-SY

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

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

2 Normative references

There arg¢ 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
addrességs:

o |EC Hlectropedia:available at https://www.electropedia.org/

e |SO Onlingsbrowsing platform: available at https://www.iso.org/obp
3.1.1

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

o aoadn

Note 1 to eptry—E€6231t3=apptresatthemterfacetothematiomatetectricity suppty metwork:

3.1.5
wheel dgtector
sensor which detects the passage of a wheel

Note 1 to eptry: 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

M Infrastructure manager
MVA Megavoltampere

NTR National technical rule
RINF Register of infrastructure
RST Rolling stock

TDS Train detection system
WSF Wrong side faildare

4 Compatibility/process

4.1 Overyiew

The party—which—introduces—arew—etementor-introduces—a—change of-an extsting—etement 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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Input Compatibility process
Q Start ’
Adjacent Yes .
N T SE—— e Compliance Yes )
T infrastructure i Scope Compatibility : i Demonstration of
| P limits? with cl?rrrntps%“blmy compatibility
t Power supply : No
_____ »| Other rolling i
stock R i St
R — p| System
description
Rolling stock —I P
Operation
‘ compatibility '
TDS analysis
Theoretical
analyses of
compatibility
< No stelz_li)rITi]sithse a2 Yes Theoretical demenstration
- of compatibility?
Test plan
Test report
No Compliance‘established Demonstration of
compatibility limits? compatibility
Adjacent infrgstructure and other rolling stock,to be considered only if relevant. IEC
Figure 2 — The compatibility process
4.3 Budilding:the compatibility argument
A compatibility case in compatibility analysis shall be prepared, following the process|depicted

in Figure Z,including but not fimited to the.

a) definition of the scope of the compatibility case, including:

e new element to be introduced;

¢ 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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lling stock in any configuration, including degraded modes:
relevant operational conditions e.g. power limitations;
factors affecting rolling stock characteristics and compatibility as listed in

IEC 2024

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
assumptions:

including

e derive the permissible interference per on-board source using the analysis in 4.8;

d) testp

lan taking account of the results of the theoretical analysis;

e) testr
f) asseg
e re
e ch
e ch

g) qualit

If a comg
compatib

It is reco
can be a
service o
parties G
imposed

pports — see Clause 8;

sment of theoretical analysis and test reports against requirements:
ated compatibility cases;

eck of validity of assumptions;

eck if restrictions may be lifted or relaxed;

y management plan and evidence.

lity case.

jnized that characterization of interference génerated and propagated by rol

perations in order to refine the characteristics. Therefore, provided that the r
an be demonstrated to be acceptable; temporary operational conditions
prior to full compatibility being established.

Hereundg¢r specific aspects of the compatibility case will be further outlined.

4.4 QU

Quality
should b

The conf
processe

ality management

anagement systems§\shall be in place. The importance of configuration mar
noted.

guration state*of the relevant infrastructure and rolling stock (including mai
5 and schedules) shall be recorded and referenced within the compatibility d

subsequé¢nt changes to these configurations shall lead to an examination of the ¢

validity o

[ the"compatibility case.

etent body is appointed, then it is recommended to ifivolve them at each sfep of the

ing stock

time consuming process, which may require a significant amount of testing during

sks to all
may be

agement

htenance
ase. Any
ontinued

4.5 Ro

ute identitication 1or introduction of Kol (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.

46 Int

roduction 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 b
interferer
including

NOTE 1 H

The relat
flow may

NOTE 2 (

stock interference limits, while in practice the tolerable interference levellis much higher due to overall ¢

of older sy
hazards c4
interferenc

The safet
WSF. Th

NOTE 3 A

identified flom EN 50617-1 and EN 50617-2 respectively.

The com
compatib

plans and results.

The meth

The scer
parametg

— transfer  funpction between interference sources (rolling stock and infrastruct

sensi

e demonstrated that the rolling stock characteristics for generated and pr
ce comply with the train detection system limits, under defined operating €q
degraded modes.

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

onship between rolling stock and infrastructure is shown in_Figure 3. The in
be in either direction depending on which system is to berchanged.

ompatibility is now based on worst-case conditions. This results(in very severe requirement

tems and interference produced by the current collecting system. Despite this situation, the
used by interference are very rare. It is obvious that a perspective of risk calculation wi
b current requirement by probably a decade.

y margin is applicable for safety related tests, where train detection technolog
b availability margin is applicable for avaitability related tests.

Il applicable parameters for compatibility\'eases of track circuits and axle counters in Eur

patibility analysis is mandatory and shall explain the technical principles whid
lity, including (or giving-reference to) all supporting evidence, e.g., calculat

od of analysis of fault modes shall be agreed between the parties listed in 4

ario for compatibility including the worst case shall be described with the
rs:

ivity-level of the used TDS in the specified frequency band;

bpagated
nditions,

ormation

5 for rolling
egradation
cases with
| ease the

y implies

pe can be

h ensure
ons, test

3.

following

ure) and

— characteristics, operating modes and conditions of rolling stock (normal and degraded

mode

s 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 i

nterference 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

IEC 2024

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 tr

ansfer function be denoted by F.

Let the interference signal at the train detection system equipment caused by a single train

and/or m

ultiple trains at the electric section be denoted by /1ps.

Let the interference signal generated by the rolling stock be denoted by /rg.

The inter

The max

is determ
interferen

Where m
signal, th

NOTE1 U

NOTE 2 |
considering

Note thaf
criteria:

— the s
occug

— the si
clear
howe

The proc

ference signal is then:

Itps = F * Igg

ce generated by rolling stock be denoted by /grgiot- Then:

IRstot = ITpsmax ! E

permissible interference per source shall take this into account.

ine resonances and phase sensitive receivers'can be part of the evaluation of compatibility.

multiple sources.

the permissible interferencé signal will have two values determined by the

gnal which may_cause the train detection system to show clear when it
ied (a wrong side-failure, i.e. a matter of safety);

gnal which may cause the train detection system to show occupied when it
(a right side-failure, i.e. a matter of availability). The effect on interlocking |
ver be considered.

in Figure

3

mum permissible interference signal at the train detection system equipment Itpsmax
ined by the sensitivity of the train detection system equipment! Let the total pgrmissible

Itiple sources (rolling stock and substatiofs) may contribute to the total int¢rference

Europe, CLC/TS 50238-2 provides.possible guidance on the application of the transfer function

following

s in fact

is in fact
bgic shall

bss of‘application of the summation rules can be applied in both directions as|depicted
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Infrastructure - substation

Permissible
interference of
infrastructure
sources

15—

Rolling stock

Permissible
interference per
on-board source

Summation

Limits and margins

interference from
on-board sources

Infrasfructure
train detedtion system

y v

Summation
rules

\

Total
interference

\

Transfer
function

A

\

Equipment
susceptibility

Non-compliance

No Yes

Compare

— Margin

»| Compatibility limit

Conjpliance

NOTE: margin includes two different levels:
- Safety margin
- Availability margin

IEC

Figure 3 — Relationship between compatibility limits and permissible interference

5 Characterization of train detection systems

5.1 Objective of procedure

To ensure the correct operation of axle counter systems, wheel detectors and track circuit
systems, their physical and electromagnetic properties are defined in the detailed standards
and regulations (see 5.2, 5.3 and 5.4 for details) as well as the measurement methodology and
how to report the compatibility with these standards.


https://iecnorm.com/api/?name=1f72bb742ecfb4b293bfe12dd6faec78

- 16 - IEC 62427:2024 © IEC 2024

For other train detection systems not covered by standards, their relevant properties shall be
defined by the infrastructure manager in collaboration with the manufacturers. Relevant
information shall be described by the manufacturers in the product documentation.

5.2 Track circuit systems — Standards, regulations and technical specifications

Parameters for track circuits are provided by national rules or standards, including agreements
among stakeholders. All requirements to be fulfilled by a track circuit system are listed and
defined there in detail.

NOTE 1 In Europe, EN 50617-1 directly includes the requirements for physical and electrical aspects (e.g. axle
resistance, ballast resistance, broken rail behaviour) as well as the electromagnetic parameters (e.g. behaviour to
interferences and immunity limits), the measurements to be executed and the reporting to show the compatibility with
this document:

NOTE 2 The methodology defined in Europe in EN 50617-1 can be used where practically applicable:

NOTE 3 Quidance to establish compatibility limits is contained in Annex A. Some known tra¢kK circuit cpmpatibility
limits in Eufope are published in CLC/TS 50238-2.

5.3 Axle counter systems — Standards, regulations and technical.specifications

An axle dounter system is the whole system including the axle coufnter detector with its sensor,
and the gvaluation unit.

If the chjracterization is to be performed on the axle countéry(wheel detector) alone, rdther than
on the a¥le counter system, refer to 5.4.

Parametgrs for axle counter systems are provided by national rules or standards, fincluding
agreemefpts among stakeholders. All requirements-to be fulfilled by an axle counter system are
listed and defined there in detail.

NOTE 1 Ip Europe, EN 50617-2 directly includes“the requirements in accordance with physical anfl electrical
aspects (e|g. axle distances, fastenings to the.rail, environmental conditions) as well as the elecfromagnetic
parameterd (e.g. behaviour to interferences and.immunity limits), the measurements to be executed and the reporting
to show thg compatibility with this document,

NOTE 2 Tlhe methodology defined in.Europe in EN 50617-2 can be used where practically applicable.
NOTE 3 Yome known axle counter compatibility limits are published in Europe in CLC/TS 50238-3.
5.4 Wheel detectors (treadle applications)

5.4.1 General

Treadle ppplications are mainly switch on/off functionalities, direction detection pr speed
measure1nent.

NOTE Requirements for wheel detectors applied as treadles in Europe are not explicitly described in EN 50617-2
because they are not used for axle counter systems.

5.4.2 Wheel detectors based on inductive technology

Owing to the principle of discrete detection of wheels passing a wheel detector, transient and
continuous interference limits may be considered as equivalent to the limits defined for axle
counter detectors or axle counter sensors.

NOTE 1 In Europe, EN 50617-2 can be taken into account where applicable for wheel detectors based on inductive
technology with respect to the physical, electromechanical and electromagnetic interface.

Owing to the inherent difficulties of designing a sufficiently complete electrical equivalent circuit
for an inductive wheel detector, field testing or alternatively laboratory tests injecting
interference currents into the rail and applying external electromagnetic fields shall be used for
measuring the susceptibility of wheel detectors.
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To allow for uncertainties in the accuracy of measurements and simulations, the susceptibility
of the train detection system as determined above shall be increased by a factor of safety
(margin). The uncertainties shall be estimated and the factor of safety shall be sufficient to

allow for

them.

It is possible that it will be necessary to take into account interference due to DC substation

ripple (e.

g. harmonics of the substation voltage source) in the factor of safety.

NOTE 2 Wheel detectors based on other technology (e.g. mechanical or optical) are not described in detail in this

document.

5.5 Loops

barriers.
has a di
which sh

Loops ha
sensitivit
connecte
for comm
of this dg

For reliak
shall be
Loops ar
reliability

5.5.2

The varig
induction

mainly used for level crossing applications, to command the lowering,or
loop application based on the principle of continuous detection of a latge m

bll be taken into account.

aken into account as shown in the example in Annex E, for a specific type
e usually used as one component of an ‘applicable solution. The necessar
shall be documented within the application the loops are used for.

nterfering mechanisms

with conductive elements interacting with the magnetic field of the loop.

Loops can be influenced by~magnetic fields and by the metal construction of the ve

the time
operation
circuit sh

Railway |

of writing of this~-document, magnetic fields have shown no negative effe

unt assisting.devices can affect the operation of loops.

a) metal

raising of
btal mass

ferent influencing mechanism compared to axle counter sensorsyand track circuits

ve a greater area to be influenced by trains than wheel sensors, on the otherlhand the
of a loop against rail currents is not directly linked\bécause the loopg are not

d to the rails. Because of this, induction is the main jinterference mechanism. Loops
unication tasks and/or automatic train protection applications are not within the scope
cument.

le train detection with loops, the definition @f compatibility requirements with the train

of loops.
level of

tion of the loop inductance jis caused by the generation of eddy currents arjd mutual

hicles. At
ct on the

of the loopsy, Specific strong radiating sources on board the RST, for example track

ehicles"metal construction can vary the inductance by the following influencing factors:

canstruction (bogies, metal parts of the vehicle, metal vehicle floor) above| the loop

within

a defined distance to the rail and within a defined conductivity;

b) electrical short circuit rings (electrical conducting loops) made from construction elements
of a vehicle e.g. frame beams with cross connections or electrically connected and
conducting construction parts below the vehicle floor within a defined distance to the rail.
These parts are electrically connected in a suitable way to form electrically conducting short
circuit rings with defined dimensions and defined electrical resistances;

c) electrical short circuit rings formed by the wheels, axles and rails, with a sufficiently low
impedance between wheels as well as between the wheels and rails.


https://iecnorm.com/api/?name=1f72bb742ecfb4b293bfe12dd6faec78

- 18 — IEC 62427:2024 © IEC 2024

5.5.3 Characterization

Compatibility requirements can be established in different ways (e.g.lab tests, safety
assessment, field tests).

Lab tests and field tests shall be performed to prove compatibility between newly developed
loops and trains in accordance with the level of availability for the infrastructure function. It shall
be proven that no detection will be lost while the train is inside the loop area and no occupation
will occur in the absence of a train.

6 Characterization of rolling stock

6.1 Ok

Tests shall be made on rolling stock to verify that the generated interferencescomply

train detd

The prog
compatib
procedur

6.2 Ge

Clause 4
potential
tests.

Europear

Compatih
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The gene
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track cir
agreeme

NOTE In
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demonstraf]

jective

ction system's compatibility limits.

edure used for the tests depends on the applicable scope-of/use. The q

b described in 6.2.

neral procedure

defines the generic compatibility process. Tests¥shall be based on analyq
sources of interferences. The compatibility analysis of 4.8 shall be used to ¢

Standards or national standards can\be used as far as applicable.

ility cases may be established by-adherence to existing rules if available. Th
b defined in this document applies to cases where compatibility limits do not

ral procedure for rolling stock characteristics is described in Annex B.

ility limits, test procedures and post-processing for demonstrating compati
cuits and axle~ceunters are provided by national rules or standards,
nts among stakeholders.

Furope, GLG/TS 50238-2, CLC/TS 50238-3 and EN 50592 provide compatibility limits for trg
y limits~for axle counters and wheel detectors, and the test procedure and post-pro
ng compatibility with axle counters, respectively.

with the

escribed

lity tests for rolling stock with train detection systems are-derived from th¢ general

is of the
efine the

e generic
exist.

bility with
including

ck circuits,
essing for

The comj
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construchon requwements (e g. Annex E) or by tram testlng foIIowmg functlonal requirements
(for example the variation of the inductance of the loop explained in 5.5.2).
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7 Characterization of traction power supply systems

7.1 Objective

The objective is to determine the influence of the traction power supply system on the
generation and transmission of interference.

Relevant factors include but are not limited to the following:

e nominal voltage characteristics (AC or DC);
e voltage tolerance;

e frequency tolerance:

e harmgnic content;

e transients;

e MVA rating;

e impedance of substation;

e impedance of catenary or conductor rail(s);
e impedance of return system;

e normal and degraded modes of operation;

o protegtive elements — e.g. overvoltage protection.

Informatipn about power supply characteristics is defined in IEC 60850 (nominal vdlues and
tolerancgs) and IEC 62313 (impedances, resonanges) or is provided by the IM, natignal rules
or standdrds, including agreements among stakeholders.

Certain interference frequencies may be generated by both the substation and rolling stock.
The supgrposition rules applicable to the corresponding interference generation meghanisms
shall be ¢onsidered. In order to limit the influence of interference generated by the substation
at the lofation of rolling stock, mifiimum impedance requirements for rolling stocH may be
formulatgd.

Resonantes and oscillatiens shall also be considered when defining a test lodation for
charactefization purposes;-The rolling stock's interaction with the electric traction systegm should
be included in the considerations due to the fact that resonances and oscillations afe mainly
provoked by rollingsstock interaction with the electric traction system.

7.2 DQ traetion power supplies

DC tractipn.\power supplies are, due to their rectifiers, particularly likely to produce intérference
currents which can affect track circuits or axle counters. The voltage ripple is mainly due to the
rectifier bridge and to phase unbalance in the high voltage supply. Annex D briefly describes
the interaction of interference currents between the rolling stock and the DC traction power
supply.

7.3 AC traction power supplies
In AC traction power supply systems, the following effects shall be considered:

— Feeding of the lines by static converters. In this case, the converter (substation) can create
harmonics, which have similar effects as the harmonics created by the substation in DC
traction power supply systems.
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— Harmonics created by other rolling stock. AC rolling stock can create significant magnitudes
of harmonic currents, which produce harmonics in the line voltage due to voltage drop over
the line impedance. Emissions of different rolling stock in the section may be mixed by this
effect. Emissions of rolling stock under regenerative braking conditions shall also be
considered.

— In the audio frequency range, local resonance effects between capacitive input impedances
of rolling stock (e.g. shielded high voltage cables) and the traction power supply shall be
taken into account. This can both amplify the interference of the rolling stock under test as
well as make it more susceptible to interference created by other rolling stock operated in
the same feeding section.

NOTE Lin

7.4 TeBtprocedures

As a pos
test shall
stock, thi

Resistive
supply.

Local res
several k

8 Tesflreport

e-vehicle resonances can lead to both a high line voltage, and to high line current harmonics.

be measured. Together with the line impedance and the input impedance of t

loads connected to the line voltage may help to identify the influence of t

lometres or more.

5ible approach, the voltage spectrum of the line voltage without the rollifig'stack under

he rolling

5 allows an estimation of the influence of the power supply on the measurements if the
rolling stock is in operation, however it is not a precise quantification.

ne power

onances can be identified when operating the rolliag stock over feeding sactions of

8.1 Ggdgneral

The testq and the context in which they were performed shall be presented in a report,|the main
text and @ppendices of which should inelude the information given in 8.2 to 8.9.

8.2 Injroduction to the repott

A generdl presentation of the\'systems under test (rolling stock, traction power supply system
and train|detection system).shall be included.

8.3 Tejst organization

A statemgnt concerning who performed the tests and their contact address shall be pfrovided.
8.4 Cdnfiguration

A definition of the design status of the rolling stock and/or infrastructure, including the status of
hardware and software listed in the documentation of the factors affecting the characteristics of
rolling stock and the TDS shall be presented.

8.5 Re

ference documents

This includes the test plan, the description of the rolling stock or TDS and the document listing
the factors affecting the characteristics of the RST or TDS.
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8.6

Application of the test plan

With specific reference to compromises or amendments to the test plan which were found to be
necessary, including:

8.7
An

8.8
An

8.9

Test conditions — technical characteristics of the test site including the TDS, traction power
supply system and the tested RST;

Instrumentation — a block diagram of the equipment used, the location of the measuring
transducer, the interconnections between instruments, their accuracy, response
characteristics, sensitivity, signal scaling;

Test procedure — calibration, verification of environmental noise, number of test runs,
operational conditions of the system under investigation during tests.

Telst results

analysis and summary of the measurements made with typical examples offrecordings.

Cdmments

evaluation of the results, their validity and comparison with the expected results.

Archive of test results

Measurements often require the collection of large quantities of recordings. It is n¢t always
practical [for these to be reproduced and circulated with{a report, but provision shall|be made

for

documentation may be achieved.

their prchive and reference made in the test report as to how authorized access to this
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Annex A
(informative)

Guidelines for the determination of
susceptibility of train detection systems

A.1  Examples of system configurations

Some examples of train detection system configurations are shown

IEC 2024

in Clause A.2 to

Clause A.11. They are simplified and do not show, for example, structures bonded to the

included

Figure A.
of tractio
receiver

Figure A.
mechanis
of the trg

traction return rail. It is emphasized that these are not the only possible configurations; they are
as examples of the type of situation that should be considered.
A.2 "Normal" configuration
| .-JIII |
| |
"
\/ehicle
VI’
To feeder Tracti \l‘s—
: raction current
station
Track
circuit Vi Voltage drop along the length of traction return rail
receiver V. Voltage induced to track circuit receiver
IEC
Figure A.1 — Interference mechanism with rails intact
1 shows an interference-mechanism with rails intact. The voltage drop along the length
h return rail included.within the track circuit length appears across the tragk circuit
when the track circuit.is occupied.
A.3 Interference mechanism with broken signal rail
2 shows.an interference mechanism with self-revealing broken rail. This intgrference
m applies to single rail track circuits which uses only one rail to detect the presence
in/This rail is known as a signal rail and is sectionalized by insulated blogk joints,
itNs not used for return currents \With a break in the cignnl rail-the track dircuit will

therefore

normally show as being occupied (a "self-revealing" fault). The circuit is as shown in Figure A.2.
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Broken rail
| & ra f"’l l
| - |
Vehicle
Vr . — \l/Vt
¢ 5
1 /|'I'n’=1<:ticmcurrent
Feeder Track
station circuit
receiver

V.. Voltage drop along the length of traction return rail

Vi Voltage induced to track circuit receiver

Figure A.2 — Interference mechanism with self-revealing broken.rail

EC

The voltgge appearing at the receiver is now determined by the voltage drop betyeen the
vehicle apd the feeder station, although the ballast resistance of the broken rail is in s¢ries with
the input|of the track circuit receiver. Since the broken rail causes the track circuit to show as
being ocgupied, this situation should arise very infrequently.

A.4 Interference mechanism with broken return,rail

In the c4se of an unrevealed break in a traction *teturn rail, the circuit is as described in

Figure AJ3.
12 D 1 C
+ -+ 4
To feegler
statign
’ :
Cross-Hond
¥ Cross-bond
1
| /! 1
T T
/]\V= Vab + VbC + Vcd + Vde + Vef Vehicle
4 = - = v b
To feeder 12 Broken rail A Traction current 1 B
station
Track
C|rc_U|t 7. Voltage induced to track circuit receiver
receiver

IEC

Figure A.3 — Interference mechanism with unrevealed broken rail

Since the traction current now has to take a longer return path to the feeder station (although a
proportion will flow in the earth), the interference voltage at the receiver will be increased. The
length of the return path depends on the spacing of the cross-bonds and the length of the track

circuit.
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A.5 Double rail track circuits

A typical configuration for a double rail track circuit is shown in Figure A.4.

Impedance bonds

Traction current I

—rt+— y 4 AN
To feeder ViT _
station Vi\L V=0 Vehicle
|
|

«— ‘ :

Traction currant

Trans-

Receiver .
mitter

V;: Voltage induced to impedance bond windings

V4: Voltage induced tq receiver P

Figure A.4 — Double rail track circuit

In norma| operation the traction return current in each raikis ‘approximately the same|and little
voltage i$ developed at the track circuit equipment terminals. However in the case of|a broken
rail or imfedance bond, the return current will be totally unbalanced resulting in a transverse
voltage, &s is shown in Figure A.5.

Impedance bpnds

Broken rail

e Ja— 'A*
| N [
To feedgr
station J, I Vehicle
"
]
‘ [

- 4 N

| Traction current

Receiver Transmitter

L - \/nlingn induced to impnrlance_bgnd Windings
V4: Voltage induced to receiver

IEC
Figure A.5 — Double rail track circuit with broken rail

Such a break will normally cause the track circuit to show as being occupied (self-revealing)
but depending on the type of track circuit it could be possible for the receiver to be falsely
energized by interference before the train enters the track circuit, thereby permitting the train
to proceed. The track circuit could then continue to show clear when it is occupied by the train.
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A.6 Voltage between axles of rolling stock

Fy

Cross-bond

Cross-bond

F 3

aV

Track
circuit
receiver

V Voltage between axles
o Proportional factor

EC

Figure A.6 — Interference mechanism due to wvoltage between axles — Case¢ 1

Figure AJ6 shows an interference mechanism duge-fo’voltage between axles when only[one train
contributgés to the interference. If a voltage is“generated between the axles of the train, a
proportioh a of this voltage may appear acragss the track circuit receiver. If the train|length is

similar to[ the track circuit length and to the eross-bond spacing, « may approach unity.

C Jr,-' B '\
-
v
™
Jross-bond Cross-bond
] £ F ] "‘v.
| % |
v
Track EF _
CIFCIUIt V =2y % AB+CD+EF AB + CD=EF S V=y
receiver v Voltage between axles

V' Voltage induced to track circuit receiver
IEC

Figure A.7 — Interference mechanism due to voltage between axles — Case 2


https://iecnorm.com/api/?name=1f72bb742ecfb4b293bfe12dd6faec78

- 26 — IEC 62427:2024 © IEC 2024

If two trains contribute to the interference, the combined effect is similar to that for one train,

as is shown in Figure A.7.

A.7 Effect of resistance between coupled vehicles

. X .
Wheel/rail Wheel/rail
resistance = r W :_; I resistance = r
A 1 A

|
Track
relay
RQ r Wheel/rail resistance

Figure AJ8 shows an effect of inter-vehicle currént’ This can be re-drawn (ign

resistance) as is shown in Figure A.9.

I Return current between vehicles
X Vehicle bonding (if fitted) resistance
R Resistance of track relay

Figure A.8 — Effect of inter-vehicle current

Track
relay
RQ

ey

7

r Wheel/rail resistance
I Return current between vehicles
X Vehicle bonding (if fitted) resistance

R Resistance of track relay
IEC

IEC

bring rail

Figure A.9 — Equivalent circuit for Figure A.8

If all » are equal

and R»r

and X —  (either disconnected or not fitted)
then VR —Ixr

If X approximates to r

then Ve — (Ixr)/3
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If the maximum tolerable 7y is 200 mV and I'is 120 A then

R =1,7mQifX - «

max

or

Fmax = © MQ if X approximates to r

These values are quite low.
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A.8 Radiated interference

Figure A.10 shows some examples of radiated interference.

Rolling stock with chopper or converter

ARNY L

Trgck circuit without insulated joints

Loops within magneticifield
generated by rolling stock

Track circuit with insulated joints

] 11

Receiver Receiver

Loops within magnetic field
generated by rolling stock

IEC

Figure A.10 — Example of radiated interference

A.9 Sensitive zone of wheel detector

The sensitive zone of the wheel detector is described in national rules or standards, including
in agreements among stakeholders.

NOTE EN 50617-2 provides a sensitive zone for European wheel detectors.


https://iecnorm.com/api/?name=1f72bb742ecfb4b293bfe12dd6faec78

IEC 62427:2024 © IEC 2024 - 29 -

A.10 Factor of safety

Factor of safety is described in national rules or standards, including in agreements among
stakeholders.

NOTE EN 50617-1 and EN 50617-2 provide factor of safety for European TDS.
A.11 Multiple interference sources

The maximum number of interference sources that could affect a given train detection system
at any one time should be determined from operational considerations. Summation rules should
take into consideration the interdependence among all equipment and among multiple sources
within the equipment.

NOTE ORE B108 reported rules for the distribution of interference current from the traction équipment and from
auxiliary cqnverters depending on the position of the train in relation to the track circuit. These“genergl rules are
superseded by the specific transfer function established under this procedure.
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Annex B
(informative)

General characterization of rolling stock

B.1 Objective of procedure

Tests should be made on rolling stock to verify the electromagnetic emissions generated and
also for the following reasons:

— to acquire additional information concerning the characterization of the train power system;

— to compare measured levels of electromagnetic emissions with those predicted;.tp confirm
the unpderstanding of the train power system.

Although|tests are usually carried out with reference to the specific routes on ‘which the rolling
stock wil| operate, tests should be defined, carried out and the results documented without
ambiguity to avoid unnecessary repetition of testing in the event that a fGture new route comes
under consideration.

The accgptance of previously accepted rolling stock on new routes may skip further|testing if
the chargcteristics of the new route are similar to an existing_route, e.g. an extensjon of an
existing Ilne with similar train detection and traction supply-systems.

Electric multiple-unit trains should be tested complete:as a fixed formation; locomotivés should
be tested separately from the coaches they haul. Thé testing of each type of hauled ppssenger
coach cap be subject to national technical rules.

NOTE The¢ European technical specification CLC/TS>50238-2:2015, B.8.2 can be used for summatign rules for
harmonic cprrents.

B.2 Description of rolling stock and factors affecting its characteristicg

The factdrs on which the rolling stock and/or signalling compatibility depend should bg defined
and documented by the manufacturer or operator and should include all relevant modifications
to the rolling stock. Safety critical components should be clearly identified.

Annex C| Annex D_and Annex E list known factors which can affect the rolling sto¢k and/or
signalling compatibjlity.

B.3 Configuration (design status)

Measurements should be carried out on a representative sample or samples of the rolling stock
for which acceptance is to be obtained. The equipment should be in a fully developed and
defined operating state; the status of hardware and software which are factors affecting rolling
stock and/or signalling compatibility, should be known and fully documented.

B.4 Test plan

B.4.1 General

The test plan is a document which should provide the appropriate means of measuring the
rolling stock characteristics. It should make reference to the criteria in B.4.2, B.4.3 and B.4.4.
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B.4.2 Test site

Measurements should be carried out with the rolling stock operating on sections of track which
are as representative as possible of those of the intended routes. The extent to which a
non-totally representative test site may be used to explore the range of tests listed in Clause B.1
should be evaluated.

Rolling stock should be tested on lines electrified with the different types of traction power
supply with which the rolling stock can operate.

To avoid ambiguity of results, attention should be paid to the contribution of measured levels of

ion power
inimum source impedance, power supply filters characteristics) should bettraced and
included jn the test report in order to evaluate the influence of the traction infrastructyre on the
interferences sourced by the RST under test.

B.4.3 Instrumentation

Measurement and testing equipment should be specified and agreed/(in particular, trapsducers,
spectrum| analysers, selective voltmeters).

The choige of instruments used and their set-up should be such’ that measurements made can
be interpfeted with respect to the reference limit(s). Specifically, consideration should[be given
to
— locatipn of measuring transducer;

— accurfcy;

— bandyidth;

— dynarnic range;

— quanfification of systematic errors, e:g. noise, intermodulation effects;

— system response to evaluate signals within both frequency and time domains;

— recordling of speed, location, traction power supply parameters and other factors which may
have pn influence on the.level of interference generated;

— proceldural calibration ehecks.
B.4.4 Test procedure

Tests shpuld bé eonducted over the range of conditions which may occur with a |sufficient
number ¢f tests being performed to enable the true rolling stock characteristics tq become
apparent| The worst cases should be examined in the closest detail. If tests are not defined in
national cyuh:lt;uua afd atalldalda, tests—shottd—be—~conducted—in—the fU”UVV;IIU uperational

conditions:

— at standstill — raising or lowering a pantograph;

— the full extent of the effort-speed characteristics in motoring and braking (including
regenerative braking):

e with an acceleration or deceleration of the train that is low enough to allow the
observation of change in frequencies generated by rolling stock in the frequency bands
of track circuits,

e up to the maximum operating frequency of traction converters (which can perform at
overspeed tests, particularly when the train under test is equipped with new wheels).

— constant speeds (regulated by speed control or the driver);
— operational conditions (speed and tractive effort) associated with the worst case emissions;
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— operation at reduced tractive efforts as determined by the position of the driver's power
controller;

— sequences of motoring, coasting and braking;
— normal and degraded modes of operation;

— typical variations or disturbances in the supply voltage (e.g. due to other trainsets on the
system, a substation cut out, line gaps, poor contact of current collection equipment);

— environmental conditions which can affect the rolling stock equipment operation (e.g.
wheelslip, wheelslide);

— regular known transients (e.g. circuit breaker opening and/or closing, particular rolling stock
equipment starting and/or stopping) if explicitly required for demonstration of compatibility.

NOTE 1 |fr EUTOpPE, the 165t proceaure 10T axie COUuNnters 1s dermed I EN 50592 and 10T rack circults,]in national
specificatigns. Attention is drawn to the fact that axle counters specific tests required for "typical| xariations or
disturbancgs in the supply voltage" or for "environmental conditions" or "regular known transients/-are’npt specified
in EN 50592. Instead, theoretical assessment of their impact on operations is included for th€ ‘demonstration of
compatibilify

NOTE 2 Hor track circuits, only some of these tests are performed. Theoretical assessmentof all known phenomena
that affect gompatibility is included for the demonstration of compatibility.
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Annex C
(informative)

Factors affecting rolling stock characteristics and compatibility

The factors which are known historically to be relevant are as follows:

individual vehicle and overall train lengths;

spacing between the individual wheelsets of each vehicle and between the outermost

whee

Iset and the vehicle extremity;

the construction of wheelsets and the method of train braking;

input
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chara

tracti

equip
whee

whee
metal
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braking methods and their characteristics (regenerative braking, magnetic track bn

eddy
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the el
the e

conngction to be used (e.g. axle grounding) in the rake of coaches or rail vehic
would convert the passing currents<from one rail to another one by way of less re

see F|

ehicle impedances, including their argument, for all modes of operation (ng
ded modes);

cteristics of electromagnetic interference sources;
e effort diagram, including speed ranges;

ment that affects the wheel — rail interface (vehicle axle load,”/impedance
s, characteristics of sanding equipment and on-board flange [|ubricators);

characteristics;
and inductive components entering the sensitive area_of wheel sensors;

Icteristics of vehicle metal construction;

current track brakes, for example);

cteristics of shunt assisting devices;

Jectrical bonding between vehicle§’y It would be a good idea to provide

igure C.1.
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ear wheel.
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pction and_auxiliary power circuits (including the train line return current);
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contrtl techniques, feedback transducers, fault detection;
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t collection equipment distance between line contact points:
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lling interference related parameters;

etic fields produced by vehicles;

minimum maintenance requirements;

different operating conditions and degraded modes of operation where the other factors

listed

may change.
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