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Foreword

This document (EN 50617-1:2015) has been prepared by CLC/SC 9XA "Communication, signalling and
processing systems" of CLC/TC 9X "Electrical and electronic applications for railways".

The following dates are fixed:

¢ latest date by which this document has to be (dop) 2016-03-09
implemented at national level by publication of
an identical national standard or by
endorsement

e latest date by which the national standards (dow)  2018-03-09
conflicting with this document have to
be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a mandate given to CENELEC by the European Commission and
the European Free Trade Association, and supports essential requirements of EU Directive(s).

For relationship with EU Directive 2008/57/EC amended by Commission Directive 2011/18/EU, see
informative Annex ZZ, which is an integral part of this document.

EN 50617, Railway applications — Technical parameters of train detection systems, will consist of

Part 1: Track circuits;
Part 2: Axle counters.
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Introduction

The working group SCO9XA WGA4-2 has developed the limits for electromagnetic compatibility between rolling
stock and train detection systems, specifically track circuits and axle counter systems and correspondingly
published two technical specifications CLC/TS 50238-2 and CLC/TS 50238-3. These limits and associated
measurement methods are based on preferred existing systems (as defined in [CLC/TS 50238-2 and [CLC/TS
) which are well established and still put forward for signalling renewals by infrastructure managers.

To meet the requirements for compatibility between train detection systems and rolling stock in the future and
to achieve interoperability and free movement within the European Union, it is necessary to define a
“Frequency management” including the complete set of interface requirements.

The train detection systems, track circuits and axle counters, are an integral part of the CCS trackside
subsystem in the context of the Rail Interoperability Directive. The relevant technical parameters are
enumerated in the CCS and LOC&PAS TSI and specified in the mandatory Specification (index 77 of CCS
TSI). This standard refers whenever needed to this document. Although the demand for FrM is driven by
Interoperability requirements, it is independent from the drive to introduce systems like ERTMS level 3 or level
2.

This standard is based on the current understanding of the railway experts represented at WGA4-2 that track
circuits and axle counter systems will continue to be the essential two train detection systems for the
foreseeable future.

The published specifications [CLC/TS 50238-2 and [CLC/TS 50238-3 can be used in the interim period, to
ascertain conformity of individual train detection systems to the requirements of the Frequency Management.
The published specifications [CLC/TS 50238-2 and [CLC/TS 50238-3 can be used to ascertain conformity of
individual train detection systems to the requirements of the TSls, that will be in place for the parameters still
declared “open points” in index 77 of CCS TSI.

The Frequency Management requirements presented in this standard are informative at this stage until
introduced in document Index 77 of CCS TSI.

In this European Standard, the defined parameters are structured and allocated according to their basic
references as follows:

- track circuit system parameters;

- train based parameters;

- track based parameters;

- environmental and other parameters.

Where possible, the parameters as defined are consistent with other European Standards.
Each parameter is defined by a short general description, the definition of the requirement, the relation to
other standards and a procedure to show the fulfiiment of the requirement as far as necessary. An overview of

the safety relevance of each parameter is given — in the context of this European Standard — in a separate
table.
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1 Scope

This European Standard specifies the technical parameters of track circuits associated with the disturbing
current emissions limits for RST in the context of interoperability defined in the form of Frequency
Management. The limits for compatibility between rolling stock and track circuits currently proposed in this
standard allow provision for known interference phenomena linked to traction power supply and associated
protection (over voltage, short-circuit current and basic transient effects like in-rush current and power cut-off).
These effects are assessed using modelling tools that have been verified by the past European research
project RAILCOM.

This European Standard is intended to be used to assess compliance of track circuits equipment and other
forms of train detection systems using the rails as part of their detection principles, in the context of the
European Directive on the interoperability of the trans-European railway system and the associated technical
specification for interoperability relating to the control-command and signalling track-side subsystems.

The European Standard describes technical parameters to consider for achieving the compatibility of the track
circuit with the emissions limits defined in the frequency management for rolling stock. These parameters are
structured and allocated according to their basic references as follows:

- Technical track circuit parameters;

- Train based parameters;

- Track based parameters;

- Environmental and other parameters including EMC.

Each parameter is defined by a short general description, the definition of the requirement, the relation to
other standards and a procedure to show the fulfiiment of the requirement as far as necessary. An overview of
the safety relevance of each parameter is given — in the context of this European Standard — in a separate
table.

NOTE The allocated bands for track circuits and emission limits for rolling stock defined in the Frequency Management
are currently used as input information to define mandatory requirements to be stated in index 77 of CCS TSI. The
evaluation is conducted by the European Railway Agency.

The immunity limits of the track circuits installed on non-interoperable lines, or on interoperable lines built
before the publication date of this document, are not defined in this European Standard and remain the
responsibility of individual infrastructure managers, NSAs and/or suppliers of train detection systems. In this
case, the limits for compatibility are usually given in the infrastructure registers and/or the notified national
rules.

This European Standard is applicable to track circuits installed on all traction power supply lines, including
non-electrified lines. However, for track circuits intended to be installed only on non-electrified lines, some
parameters may be not applicable.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

N 13146-5, Railway applications — Track — Test methods for fastening systems — Part 5: Determination of
electrical resistance

N 50121-4, Railway applications — Electromagnetic compatibility — Part 4: Emission and immunity of the
signalling and telecommunications apparatus
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EN 50122 (all parts), Railway applications — Fixed installations — Electrical safety, earthing and the return
circuit

N 50124-2, Railway applications — Insulation coordination — Overvoltages and related protection

EN 50125-3:2003, Railway applications — Environmental conditions for equipment — Part 3: Equipment for
signalling and telecommunications

N 50126 (all parts), Railways applications — The specification and demonstration of Reliability, Availability,
Maintainability and Safety (RAMS)

N 50128, Railway applications — Communication, signalling and processing systems — Software for railway
control and protection systems

N 50129, Railway applications — Communication, signalling and processing systems — Safety related
electronic systems for signalling

N 50238-1|, Compatibility between rolling stock and train detection systems — Part 1: General

CLC/TS 50238-2:2010, Railway applications — Compatibility between rolling stock and train detection
systems — Part 2: Compatibility with track circuits

N 60529, Degrees of protection provided by enclosures (IP Code) (IEC 60529

EN 60721-3 (all sections), Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities (IEC 60721-3, all sections)

IEC 60050-161, International Electrotechnical VVocabulary — Chapter 161: Electromagnetic compatibility
IEC 60050-811, International Electrotechnical Vocabulary — Chapter 811: Electric traction

EC 60050-821|, International Electrotechnical Vocabulary — Part 821: Signalling and security apparatus for
railways

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161, IEC 60050-811,
EC 60050-821| and the following apply.

3141
dynamic shunt
represents the equivalent impedance seen from the TC REC for a detection of RST axle

Note 1 to entry: It includes the axle shunt value, the impedance of the contact rail-wheel, and the impedance characteristic
of the track.

Note 2 to entry: Dynamic shunt is determined in the TC safety case.
3.1.2
influencing unit

rolling stock influencing the train detection system

Note 1 to entry: One influencing unit comprises all coupled/connected vehicles, e.g. complete train with single or multiple

traction, single vehicle, multiple connected/coupled vehicles and wagons, e.g. one complete passenger train, consisting of
one or more traction units (as defined in CLC/TS 50238-2) and up to 16 coaches.
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313

neutral section

separates two sections of OHS, which are supplied from two different substations (can be different type of
electrification / different phase angle)

314

return current unbalance
current unbalance is the ratio of the difference of current in the 2 rails, as defined using the following formula:

]rl _Ir2
Irl +1r2

where [, , are the currents in both rails

ri>=r

x100%,

315
S-Bond
equipotential cable in some electrical joint type

3.1.6
track section clear

state of the track section which the TC output state should give the information that the track section is clear of
RST

31.7
track section occupied

TC output state which corresponds to the information either that the track section is occupied by a RST or that
the TC is not able to clear the track section (e.g. in case of failure)

3.2 Abbreviations

For the purposes of this document, the following abbreviations apply.

AC Alternating current

AFTC Audio Frequency Track Circuit

CCS Control-command and signalling

DC Direct current

EJ Electrical joint

EMC Electromagnetic compatibility

ERA European Railway Agency

ERTMS European Rail Traffic Management System

EUREMCO European Electromagnetic Compatibility project

fo Centre frequency of measuring filter used for train emission evaluation
fe Centre frequency of the signal generated by the transmitter of the track circuit
lo Steady state interference current limit for RST (one influencing unit)
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FFT Fast Fourrier Transform

Friv Frequency Management

GRS General Railway Signal

IM Infrastructure Manager

IP Ingress Protection Rating

IRJ Insulated rail joint

ITU International Telecommunications Union

LOC&PAS  Locomotives and passenger rolling stock

MTBF Mean Time Between Failures

MTTR Mean Time to Repair

NSA National Safety Authority

OHS Overhead system

RAMS Reliability, Availability, Maintainability and Safety
REC Receiver

RSF Right Side Failure

RST Rolling Stock

S&C Switch and crossing

SIL Safety Integrity Level

SMS Safety Management System

Toi Pick-up delay time of the track circuit

TC Track Circuit

TDS Train Detection System

TR Transmitter

TSI Technical Specification for Interoperability
WSF Wrong Side Failure

Xm Length of the electrical joint

4 Description of train detection system
Train detection systems for route proving as a fully automatic train detection system are integrated into railway

signalling and safety systems. The train detection is part of the route proving procedure and contribution of
trouble-free railway operation.
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The train detection equipment provides information about whether track sections are ‘clear’ or ‘occupied’.
This standard applies to train detection systems using the rails to detect the presence of a vehicle.

Rails are the transmission path between the TC TR and REC. The short-circuiting of the two rails by an axle
leads to the status track ‘occupied’ of the section.

The figure below defines the system boundaries of a train detection system using track circuit systems.

Logical system border

Track circuit system

i - Border of the
i track vacancy

_________________________________

fl

I Physical border for one |

track vacancy section

Figure 1 — System boundary for track circuit system

Track circuit is a general description of a whole range of train detection equipment based on the shunt caused
by the wheel sets of a train. Today there are many different types in use throughout Europe.

5 Safety relevance of parameters

The safety case of track circuit shall be determined according to .

Non-detection of a train present on the track circuit shall be considered as a hazardous situation.

Each parameter described in the following chapters may or may not have an influence on the safety level.
According to the design of the track circuit and each particular technical environment, the safety relevance of

parameters shall be defined on a case by case basis. Guidance for usual safety relevance of each parameter
is given in Annex A.
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6 Technical track circuit parameters

6.1 TC non-detection zone

6.1.1 General

The TC non-detection zone is an area of the TC where the RST is not detected.

If a vehicle with a very short distance between the first and the last axle (e.g. maintenance car) does not
interact with at least one of the two adjacent track circuits, the train detection system will qualify the two
adjacent corresponding track sections as clear.

NOTE This is a temporary effect (except if the train remains stationary in this position).

The scenarios for non-detection zone are given in informative Annex B.

The length of the TC non-detection zone will depend on the position of IRJ on the 2 rails, and/or the dynamic
shunt.

6.1.2 Requirements

The maximum length of a non-detection zone between two adjacent track circuits shall not be longer than the
minimum distance between first and last axle defined in index 77 of CCS TSI.

The assessment shall be performed by field test with the dynamic shunt.

6.2 Track circuit length

6.2.1 General

The track circuit length is the length within which a RST is detected.

Examples of minimum track circuit length determination are given in informative Annex C.
6.2.2 TC Minimum length of detection - Requirement

The minimum length of a detection zone shall be longer than the maximum axle to axle distance defined in
index 77 of CCS TSI.

The minimum length of a detection zone shall be long enough to ensure that the interlocking systems have
seen the passing train:
e when using relay technique, taking into account the delay-time of each relay in the complete circuit;
e when using programmable logic control technology (incl. microprocessors), taking into account the
maximum cycle time of the control system.

It shall be shown in the safety case that the track circuit is able to react properly for the requested maximum
speed for its application.

6.2.3 TC maximum length of detection - Requirement

The maximum length of detection depends on the dynamic shunt. It shall be determined in the safety case
that the track circuit is able to react properly with the maximal length defined in the specification of the TC.
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6.3 Broken rail detection
6.3.1 General
TCs are able to detect a broken rail if specified by design.

The first broken rail may not be detected, if there is a parallel path with low impedance. In this case the broken
rail causes a RSF but the train is detected. In case of a second broken rail in the same rail, the vehicle may
not be detected leading to a WSF. In the context of overall railway safety, broken rails may lead to a potential
derailment.

The track circuit considers a rail as broken when there is no more electrical contact between the two parts of
the rail at each side of the crack (i.e. vertical crack). When only part of the rail is lost (only the feet or only the
head), the track circuit is not able to detect this kind of cracks because electrical continuity is still maintained
along the broken rail.

According to index 77 of CCS TSI, the minimum distance between the axles of a vehicle is 3 m.
Consequently, when the distance between the two cracks is less than 3 m, theses cracks are considered as
only one broken rail. Otherwise, two broken rails are considered because the smallest vehicle may be lost. For
a list of scenarios, see Annex D.

6.3.2 Requirements

If broken rail detection is required to be provided as part of the functionality of TDS, the track circuit shall be
able to detect the first broken rail.

For broken rail detection, single rail track circuits based on single rail insulation are not allowed.

The risk of broken rail detection in S&C areas shall be minimised by design (for example, from parallel path
interference, see Annex D).

A test or simulation shall be done for the worst case conditions. The test shall be conducted as part of the
initial type test of the track circuit.

The validation of the following requirements and the limits may be requested by an approval body (notified
body). Compensation of the inductance of the rail or putting high impedances in the parallel way to detect the
broken rail.

The minimum impedance of the parallel path shall be defined considering the following factors:

e The working frequency of the track circuit and the infrastructure environment.

e The margin of the sensitivity level of the receiver between the tuning of the track circuit receiver and
the considered worst case to detect the first broken rail. The first failure shall not lead to a WSF but
shall be detected reliably, or else the required safety will be compromised.

EXAMPLE The following examples of parameters for broken rail detection may be deemed as acceptable by design:
- In S&C areas, the parallel path is limited to 50 m, to facilitate broken rail detection.
- The rail insulation is maintained as specified, and not lower than 5 Q.km.

- 95 % of broken rails within the TC are detected by the track circuit. If 95 % detection cannot be achieved
for a particular application, the track circuit shall be split in two.

- A special national case exists in the Czech Republic, where 100 % broken rail detection is required.
Specific parameters for design and installation of track circuits are therefore applicable, which cannot be
harmonised.
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6.4 IRJ failure detection
6.4.1 General

IRJ are placed to stop the TC signal within the TC section borders. Depending on the design, they can be
used in place of electrical joints.

In case of an IRJ failure, the signal from the TR of the adjacent TC section can power REC of the considered
TC section.

6.4.2 Requirement

If the IRJ failure detection function is required, the failure of an IRJ shall be analysed in the safety case. See
also 8.4.

6.5 Frequency management and relevant parameters of the track circuit

6.5.1 Frequencies and immunity limits

6.5.1.1 General

FrM for RST concerning emission limits for compatibility with track circuit is under development (see index 77
of CCS TSI). For the future interoperable system, this FrM will allow on one hand common frequency ranges
for the operational channels of track circuit in all EU member states, on the other hand define the compatibility
limits for RST authorised into service in any EU member state.

The FrM will be expressed in terms of a limit of conducted emission in the return current path from RST
versus frequency. So a compatibility margin between RST emissions limits and TC susceptibility threshold

shall be applied.

The coupling between the RST emission and the TC receiver represents a certain transfer function. The
compatibility margin and the transfer function depend on many factors:

e consideration of WSF and/or RSF interference cases dictate different compatibility margins;
e return current unbalance between the two rails (see 8.8.2);

e presence of harmonics from the railway power supply (e.g. from substation or other vehicles) and
impedance of the RST limiting the current (see informative Annex F for more details);

e number of influencing units into the same feeding section;
e parallel way for the return current path (e.g. equipotential bonding);
¢ resonance effect of the infrastructure;
e design of the track circuit (e.g. transformers or tuning ratio).
More explanations and a FrM proposal are given in the informative Annex E.
6.5.1.2 Requirements

The working frequency range of the track circuit and the limits for compatibility with the rolling stock shall be
defined from the FrM for the conducted interference as defined in index 77 of CCS TSI (when published).

As long as the FrM is not published in index 77 of CCS TSlI:
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e The working frequency range and the immunity limits shall be defined jointly by the manufacturer and
the infrastructure manager. Existing limits for compatibility (e.g. at national level, or as per
CLC/TS 50238-2) can be considered as the basis to define a working frequency range and immunity
level of track circuit.

e If, for the selected working frequency range, no limits for RST emission already exist on the IM
network, a study on the existing RST emission shall be performed. This study can be based on
measurement of the current in the rail or emission from the existing RST (e.g. according to the test

method defined in ICLC/TS 50238-2). These limits shall be defined in the same way as the existing
limits defined in CLC/TS 50238-2.

e Itis recommended to use only the frequency ranges allowed in the informative Annex E.

In any way, acceptance process as defined in for RST shall be used for TC compatibility. The
compatibility case shall consider the transfer function from the RST emission (including harmonics from power
supply system and transients) to the TC REC. The applied compatibility margin and detailed scenarios of the
transfer function shall be presented in the compatibility case.

Immunity testing shall be conducted. An example test specification is proposed in E.1.6. The compatibility
case shall include the test report.

6.5.2 Number of operational channels

The number of operational channels permitted for track circuit application shall be specified by the track circuit
manufacturer by considering the allowed frequency bandwidth defined in 6.5.1.

6.5.3 Separation between operational channels / channel bandwidth

The centre working frequencies with the associated frequency bandwidth shall be placed only at certain
locations of the spectrum, in order to avoid:

e cross-talk between track circuit channels;

e correspondence with low-order natural harmonics of the power supply frequency (which are always
present during transients, see also Table 1);

o preferred converter harmonic bands from traction units and auxiliaries (see Table 1).

Table 1 - Forbidden frequencies

Frequency ranges | Forbidden frequencies Justification

up to 300 Hz N x 16 /3 Hz avoids multiples of power supply
harmonics in all networks
(16,7 Hz system)

up to 300 Hz N x 50 Hz
(50 Hz systems)

up to 3,2 kHz N x 100 + 50 Hz avoids odd harmonics of traction

(50 Hz systems) power supply in 50 Hz networks

up to 3,2 kHz N x 300 Hz avoids harmonics of ripple from
rectifier on power supply in DC

(DC systems) networks P PeY

300 Hz to 3,2 kHz | All frequencies avoids harmonics of traction power

(16,7 Hz system) supply in 16,7 Hz networks

NOTE N is any natural number.
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6.6 Coding
6.6.1 General

The function of each type of AFTC is based on the use of defined number of frequencies per track circuit. To
keep each track circuit separated from each other electrical bonds will be used. At one physical extreme of the
track circuit the frequency signal will be generated by a transmitter, which will be received by the receiver at
the other extreme. To avoid a disturbance from another track circuit using the same frequency (F1) of
operation or cross talk from adjacent lines, a frequency independent coding is deployed.

e F1 ——e——F2,F3F4A—sje— Fl —»

N W A N o

Voo

1 @ @

Figure 2 — Installation of AFTC (example)

6.6.2 Type of coding

6.6.2.1  Fixed coding

Historically, the coding was done by hardware coding plugs. A number of defined fixed codes per type of track
circuit were used by different manufacturers. In this case, careful consideration of the codes used at the
system border between different TC types shall be applied by each manufacturer, to avoid disturbances.

The number of codes is normally restricted e.g. different fixed coding plugs are defined.

6.6.2.2 Dynamic coding

By using modern board controllers a fixed coding can be avoided. In that case the number of codes is not
restricted any more. Cross talking between each track circuit with the same frequency can be avoided by
producing a different code per transmission session.

6.6.2.3  Principle for a frequency shift keying method

The transmitter of the track circuit builds a bit pattern by using permitted tolerances for one frequency which

can only be decoded by the receiver unit of the TC. The figure below shows a principle of using frequency
shift.

9 564 Hz 9436 Hz 9 564 Hz 9436 Hz
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—0564 HZ—D‘C79435 Hz—»+—0564 Hz—TiEMSB Hz———»
TR A maNaY,

ams 1W0m=s 15ms 20ms 258ms Sms 10ms 18ms 20ms 25 ms
1st bit 1 2nd bit | 3rd kit | 4th bit | 5th bit | 15t bit 12nd bit 1 3rd bit | 4th bit | 5th bit |

Figure 3 — Example for a frequency of 9 500 Hz + 64 Hz
This is independent of using fixed or dynamic coding.
6.6.3 Requirements

Coding shall be used to prevent the cross talk between adjacent TC on the same line and on adjacent lines.
Additional requirements may be applied by the manufacturers of TCs.

The method of coding shall be declared by the manufacturer. The manufacturer shall specify any applicable
minimum separation distance between adjacent track circuits using the same code at the same frequency.

In the case of using different models of TC, and more particularly TC using fixed coding, the codes used shall
be known by the IM at the system borders of the different TC-types of each manufacturer. It shall be
demonstrated that disturbances between the different TCs are avoided.

It shall be shown in the safety case that by using the codes and the defined numbers of coding the safety
integrity level required can be reached. The safety case shall demonstrate that the selected coded messages
cannot be reproduced by rolling stock emissions. If needed, the probability of a rolling stock emission
reproducing the TC coding and modifying the output state of the track circuit shall be integrated into the
determination of the TC SIL.

6.7 Response of the receiver to transient disturbances
6.7.1 General

A complete set of requirements for laboratory testing is being studied within the European project EUREMCO.
The final set of test signals and the testing procedure will be included in a further edition of this standard.

However, the following test specification is recommended to establish the response of the receiver to transient
disturbances.

6.7.2 Switched sinusoidal signal

For dynamic susceptibility, the switched sinusoidal signal in Figure 4 is recommended to be used as a test
signal to establish the behaviour of the track circuit receiver in the presence of transient interference.
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Figure 4 — Receiver response to sinusoidal pulses

To cover the phenomenon of transient interference when train(s) is traversing a neutral section, the following
steps should be taken to establish dynamic susceptibility:

a)

b)
c)
d)

e)

the sensitive part of the track circuit is the receiving input (input voltage is mainly symmetrical, some small
asymmetric amplitudes can be considered);

set the frequency of generator to the centre frequency of the receiver, for each operational channel;
set Trep to at least 500 ms;
set the duration time to the smaller of the integration time (if known) or 20 ms;

reduce the time Tgep and repeat until Trep, < 20 ms, or the integration time is established.

Steps c) to d) are repeated to simulate bouncing of the pantograph by reducing Tp (100 ps is recommended
as the lowest value for Tp). The amplitude should be increased until the track circuit reacts to the waveform.
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6.7.3 Other signals
Additional specific signal shapes are provided below for the following transient events:

- 1,5 kV traction cut-off — 4 000 A for 5 ms to 20 ms

6000

5000

4000

[A]

3000 -

2000

1000

0
-50 0 50 100 150 200
[ms]

Figure 5 — Cut-off in a 1500 V DC System (4 000 A, 10 ms)

- 3 kV traction cut off — 2 500 A for 5 ms.

4000 T

3000 .

< 2000 - -

1000 7

-50 0 50 100 150 200
[ms]

Figure 6 — Cut-off in a 3000 V DC System (2 500 A, 5 ms)

The oscillation frequency after 10 ms (in Figure 5) or 5 ms (in Figure 6) is between 8 and 35 Hz, with typical
values from 15 Hz to 20 Hz. These signal shapes should be included in the immunity testing in the laboratory.

6.7.4 Validation of the response of the receiver to transient disturbances
The response of the track circuit to transient interference shall be established through laboratory testing as

defined in 6.7.2 and 6.7.3 and documented. The established immunity level of the track circuit to transient
interference shall form part of the application safety case argument for the track circuit.
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6.8 RAMS
6.8.1 Reliability

Reliability cannot be defined as an individual parameter for track circuits as it is a combination of qualitative
and quantitative arguments.

NOTE In service, reliability depends on a number of other subsystems and their ongoing maintenance, one of them
being track infrastructure.

Reliability requirements can be harmonised in the context of EN 50128 series but can only be achieved with
different measures concerning other railway subsystems.

6.8.2 Availability
6.8.2.1 General

The availability goal can be calculated by taking into account the MTTR and MTBF values, as follows:

Availaibility = MTBF x100%
(MTBF + MTTR)

MTBF is product specific and is defined for the equipment of the track detection system required for a single
detection section (indoor and outdoor).

Mean Time to Repair (MTTR) varies from 30 min to 300 min (typical worst case).

NOTE 1 In addition to the defined MTBF of train detection equipment, the availability of the track circuit as part of the
complete system depends on the physical conditions within the environment it is installed. Availability targets for track
circuits cannot be defined independently from the rest of the infrastructure elements of which it comprises.

NOTE 2  Typically, availability of 10° per houris observed.
Other factors affecting availability:

1. In addition to the defined MTBF of train detection equipment, the availability of the track circuit as part of
the complete system depends on the physical conditions in-situ, as specified in individual parameters.

2. The immunity of the track circuit to RST conducted disturbances, as defined from the FrM (see 6.5).

6.8.2.2 Requirements
In case of loss of availability, the track circuit shall consider the area ‘occupied’.

The MTBF shall be provided by the TC manufacturer. The MTBF shall comprise all hardware and software of
the TC, except trackside cables and tracks/rails.

6.8.3 Maintainability
6.8.3.1  General

In order to guarantee proper functioning of the track circuit as a train detection system, maintenance is
essential to sustain safety.

The maintainability of the track circuit is part of the complete railway system maintenance and depends on the
physical conditions of the individual elements of the system used by the track circuit (e.g. ballast, rails, etc.).
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For example, correct functioning depends on the impedances, which exist in parallel and in series to the
measured track circuit in-situ.

Different elements of maintenance for some existing track circuits are described in Annex G (informative).
6.8.3.2 Requirements
Maintenance requirements for all components of the track circuits shall be derived from EN 50126.

MTBF of the complete system shall be the responsibility of the supplier and shall be defined in the safety
case. TC suppliers shall provide all information related to equipment failure modes and the rate of occurrence
in the safety case. The implications from failure effects shall be clearly identified so that they can be captured
in the SMS of the respective entity responsible for the installation (this entity need not be the track circuit
manufacturer).

The track circuit elements considered during maintenance activity may be specific to each type of track circuit.
However, a maintenance interval for track circuit hardware of one year is recommended. At least the following
elements shall be considered:

e Trackside:
1) insulating joints (if present);
2) bonding;

3) interconnections;

4) ballast resistance;

5) broken rail;

e Other Elements:
1) supplier specific test equipment;
2) cabling/wiring/connection boxes;
3) time between train movements.

6.8.4 Safety

The safe movement of the trains on railways is usually based on the definitive "track section clear" or "track
section occupied" indication. The SIL can be specified for "track section clear" indication provided by train
detection systems.

This parameter shall be validated / proven in the safety case for the track circuit. It shall be shown in the
safety case that the required SIL can be achieved. Limits and requirements are described in EN 50128,
EN 50124 and EN 50124,

Examples of application for different safety requirements are given in Annex L.
Clause 5 and Annex A concern the safety relevance of parameters defined in this standard.
6.8.5 Validation of all RAMS parameters

The safety case shall demonstrate that all RAMS parameters required for the intended application can be
achieved. EN 50126, EN 50128, EN 50129 shall apply.

7 Train based parameter - Shunt impedance
7.1 General

The shunt impedance in this standard is defined in relation to vehicle mass / axle load.
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The train shunt is defined as the total impedance including the contact impedance between wheel and rail, the
resulting impedance of the wheelsets of a vehicle. The train shunt is known to be strongly affected by the
dynamic behaviour of the wheel-rail contact.

Sanding, leaves and other non-conductive pollution strongly affect the resulting impedance. The parameters
axle load, quality of wheel surface, quality of track surface, electric traction or not and e.g. the presence of
tread brakes also affect the resulting impedance.

Indeed, improper use of on-board flange lubrication and the use of the composite brake blocks negatively
affect the quality of the dynamic behaviour of the wheel-rail contact.

Concerning the tracks, oxidation due to a too low number of train passes adversely affects the wheel/rail
contact quality.

Studies carried out in France have shown that most of rail’s pollution causing non-shunting is composed of
sand and rust. It has been shown that the sand is more isolating than the rust. In consequence, the sand is
the main reason for non-shunting events. Some rules concerning its use are detailed in 9.3 of this document.

The train shunt is only partly defined by the maximum allowed wheel to wheel impedance. The non-linear
nature of the rail-wheel impedance with respect to rail to rail voltage is a specific track circuit parameter and
cannot be standardised.

The maximum electrical impedance between the running surfaces of the opposite wheels of a RST wheelset

is defined in index 77 of CCS TSI. In practice the shunt seen by the track circuit is increased in value by the
amount of pollution on the wheel and rail surfaces.

7.2 Requirements

The track circuit shall be able to detect rolling stock compliant with index 77 of CCS TSI. Sensitivity of track
circuit to shunt impedance shall take into account all of the complex and other related parameters given in 7.1.
Annex H provides an example of how this parameter can be managed.

A test with a control shunt shall be performed at all ends of the TC in order to demonstrate correct operation.
To demonstrate reliable detection of a train by the track circuit, 0,5 Q is recommended for this control shunt,
as an appropriate worst case value. If the track circuit is demonstrated to detect a train only with a lower shunt
value, additional restrictions shall be in place to maintain safe operation in accordance with the SMS of the IM.

NOTE 1 Lower shunting capability may be needed by certain track circuits designs which have broken rail detection as
part of their functionality.

NOTE 2 In some applications, higher value of control shunt may be required by the IM.

To maintain the correct operation of the track circuit, this parameter shall be managed by the IM and Railway
Undertakings who operate the trains, to keep this parameter within the limitations of the safety case.

8 Track based parameters
8.1 Total impedance of the track
8.1.1 General

The worst case value of the total impedance of the track is used to calculate the allowed interference currents
in the track circuits.

Ballast impedance, as part of the total impedance of track, is an important parameter for maintenance and can

affect correct functioning of the track circuit as defined in 6.8.3. The following example describes a typical
approach for determination of the total impedance of the track.
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EXAMPLE

The maximum allowed interference current is defined based on the equivalent electrical diagram shown in Figure 7:
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Key

Ry : Ballast impedance

Ry : Tuning resistor of the TR

R: : Tuning resistor of the REC

Z3: longitudinal impedance of the track

Z;: Impedance of the transformer at the REC, interlocking side
Zs : Impedance of the transformer at the REC, track side

Figure 7 — Ballast impedance

The limits for the total impedance of the tracks are derived from two scenarios:

e WSF when the track is occupied by the vehicle but due to interference it shows a ‘track section clear’
status;

e RSF when the track is free of train but due to interference it shows an ‘occupied' status.

The derivation of these limits is based on different subsets of the parameters. As Figure 7 shows, there are
two conflicting parameters influencing the detection of a train; the actual (dynamic) train shunt (R;) and the
ballast impedance (R;,). Both impedances are in parallel, thus the resulting impedance will determine whether
or not the track circuit will function correctly.

8.1.2 Requirements

The specific value for total track impedance shall be determined depending on the TC’s frequency of
operation. The maximum impedance of the track shall be defined in the safety case for the track circuit.

The WSF scenario for interference shall be determined for the maximum train shunt as defined in Clause 7.
The following values shall also be defined:

e the maximum transmitter voltage;
¢ the maximum ballast impedance;

e the maximum interference current limit (see 6.5);
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e the maximum unbalance (for double rail track circuit).
The ballast impedance shall be controlled by the SMS of the IM.

8.2 Rail to Earth impedance
8.2.1 General

Rail to earth impedance is a fundamental part of the rail-rail impedance. The exact definition is the impedance
seen between a rail and the electrical ground underneath it. Rail to earth analyses are provided in Annex |
(informative). The parameter is of relevance to track circuits. If the track quality is maintained to the limits
defined by the index 77 of CCS TSI (min 5 kQ per connection point to ground) detrimental effects can be
excluded.

Rail to ground impedance is a factor in several phenomena which affect the railway:

e The rail to ground impedance is a fundamental controlling factor in determining the detection range of
a track circuit.

e The rail to ground impedance affects the balance of current flow in the rails; thereby having an indirect
effect on the interference seen by a track circuit.

e The rail to ground impedance is of importance on DC railways to limit electrochemical corrosion
effects.

e The rail to ground impedance affects the touch potential generated in the return rails.
Calculations indicate that 90 % of the inter-rail impedance (in the absence of trains, cross-bonds etc) is in the
pad under the rails (and track clip insulator). This can be bridged by the rail-ground capacitance at higher
frequencies and by any contamination, water, oil, metal dust etc. The major current path between rails is not
via the ballast but flows down into the soil beneath the railway and crosses between the rails via ‘earth’.
8.2.2 Limits and requirements
8.2.21 Introduction

There are several existing standards which include or imply definitions of ground impedance requirements for
various effects.

8.2.2.2 Ground impedance: track circuits

Index 77 of CCS TSI minimum electrical impedance of fastening is 5 kQ with fastener spacing of 600 mm
gives a rail-ground impedance of 3 Q.km. Local variations are calculated between 2 Q.km and 10 Q.km.

8.2.2.3 Ground impedance: local contamination

Index 77 of CCS TSI minimum electrical impedance of fastening is 5 kQ: this can be interpreted as local
contamination impedance should be > 5 kQ ".

8.2.2.4 Ground impedance: Corrosion

One of the factors for corrosion is stray current. Limitation of stray current shall be achieved by applying E

b0122-2.
8.2.2.5 Ground impedance: touch potential

Ground impedance influences the touch potential on cables connected to track circuits. Limits of acceptable

touch potentials are given in EN 50122-1 and EN 50122-3.

1) TSI states that some components of the CCS subsystem may require higher values.
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