°
w SLOVENSKI STANDARD

SIST-TS CLC/TS 50238-2:2015
01-julij-2015

Nadomesca:
SIST-TS CLC/TS 50238-2:2010
SIST-TS CLC/TS 50238-2:2010/AC:2011

Zelezniske naprave - Zdruzljivost voznih sredstev in sistemov za detekcijo vliaka -
2. del: Zdruzljivost s tirnimi tokokrogi

Railway applications - Compatibility between rolling stock and train detection systems -
Part 2: Compatibility with track circuits

Ta slovenski standard je istoveten z: CLC/TS 50238-2:2015

ICS:

03.220.30 Zeleznidki transport Transport by ralil
45.060.10 Vle€na vozila Tractive stock
SIST-TS CLC/TS 50238-2:2015 en,fr.de

2003-01.Slovenski institut za standardizacijo. RazmnoZevanje celote ali delov tega standarda ni dovoljeno.



SIST-TS CLC/TS 50238-2:2015

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST-TS CLC/TS 50238-222015
httpsy//standards.iteh.ai/catalog/standards/sist/eaS5dc18-043e-4ffc-93d2-
711db4a39302/sist-ts-cle-ts-50238-2-2015



TECHNICAL SPECIFICATION CLC/TS 50238-2
SPECIFICATION TECHNIQUE
TECHNISCHE SPEZIFIKATION May 2015

ICS 29.280; 45.060.10 Supersedes CLC/TS 50238-2:2010

English Version

Railway applications - Compatibility between rolling stock and
train detection systems - Part 2: Compatibility with track circuits

Applications ferroviaires - Compatibilité entre le matériel Bahnanwendungen - Kompatibilitdt zwischen Fahrzeugen
roulant et les systémes de détection des trains - Partie 2 - und Gleisfreimeldesystemen - Teil 2: Kompatibilitat mit
Compatibilité avec les circuits de voie Gleisstromkreisen

This Technical Specification was approved by CENELEC on 2015-04-20.

CENELEC members are required to announce the existence of this TS in the same way as for an EN and to make the TS available promptly
at national level in an appropriate form. It is permissible to keep conflicting national standards in force.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta; the Netherlands; Norway; Poland; Portugal,)Romania; Sloviakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom:

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europiisches Komitee fiir Elektrotechnische Normung

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2015 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

Ref. No. CLC/TS 50238-2:2015 E



CLC/TS 50238-2:2015 -2-

Contents

0 =TT o o 5
L) o0 10T o o 6
1 £ T oo o - PSP 7
2 NOrmative referenCes......cccuviiiiiiniii e ———————— 7
3 Terms, definitions and abbreviations..........ccccciiir e ————— 8

3.1 Terms and definitionNs ..o ———————————————— 8

3.2 ADBDreviations ... 9
4 General aspects of interference current limits for RST........cccccciiniin e, 10

4.1 Derivation of interference current limits for RST........cccccoriimnnii e 10

4.2 Application of Interference current limits to RST design ......c.ccccccmnniimnnnniinsneseee, 11

4.3 System definition ... —————————————— 1
Annex A (normative) Interference current limits for RST .......ccccciiiiiinns e, 14
AT DefiNitioNS ... ———————————— 14
A.2 Preferred track circuits for DC traction...........ccccuvvmiiiiininin 14
A.3 Preferred track circuits for RST for 16,7 HZ traction ........ccccccciiiiiiiiiiseeeciirn s s s resssssassseneens 15
A.4  Preferred track circuits for RST for 50 Hz traction ...........cccccceniiminninnnnn e 15
N €15 16
F N T U € 1] L Ly e s 16
A7 FTGS 46/ FTGS 917/TCM100 ..ol e L o L a i e 16
R €1 17
SR T - T [ S B e 17
A.10 Coded track circuits for DC traction.... .. i i i i, 18
SR T 0 T = 18
N0 1y 0o I o 18
. W0t T 03 =7 0 . 19
A.14 Preferred track circuit in Czech RePUDIIC.......ccoiiiiccciiii et 19
A.15 All kind of UM71 equipped with RENUM receptor and UC 9500............ccccccrmmrrrirrcssmmmmrnrrssssssssmneneens 20
A.16 DC track Circuits in UK ........ocoiiiiiiiniiiiien s s s s s e s 20
AT EBITrack 200 (TI21) ..coiceieiieeiriese s s s s sss s s s s s sae s s s s s s s e e sn s nan s 21
A18 EBITrack 400 .........coociiieiniiiiint s s s s e s s s s s s e s s e s amepae s e s e e e e e e e e e e R e n s 21
W0 e T =T 22
A.20 FS2000/FS 2500/ FS 2550 / FS 5000........c.ccceearraerrameramrraeeeeeaeesseesseesamssamssassssssssssesssssssssensesssssnsesnes 23
A.21 Track circuits of 95 Hz and 105 Hz in NOrway ..........cccciiiimminisinsis s s s ssssssss s 23
F N 3 4 Qo 17 4 24
Annex B (normative) Rolling Stock Interference Evaluation methods..........ccccccciiiriiiiinniinsnneenn, 25
0y € T 0T - | 25
B.2 Selected evaluation method...........ccciiiiiiiii e ————————— 25
B.3 Derivation of the interference current limits for RST ..........cccoviinini e 26
B.4 Criteria for compatibility ......cccccciiiiiciiciriii e annns 27

= T 0T o 1o ) 27

B.4.2 Criteria 27



-3- CLC/TS 50238-2:2015

B.4.3 Safety and availability.........cccccoriimininii e ——— 27
B.5 Defined interference current limits for RST: for use under interoperability regulation................ 27
B.6 Test specifications for RST interference measurements..........cccceiriimminnii . 27
B.6.1 GENEIAL ... it 27
B.6.2 Purpose of compatibility tests..........ccooimimi e ——— 28
B.7 Test equipment requirements (hardware) ..........coooo i 31
B.8 Train interference analysis and evaluation methods ...........ccccciiiinii 31
B.8.1 Evaluation method ... ——————— 31
B.8.2 SUMMALION FUIES ..ottt 32
B.9 Requirements for on-train interference monitoring and control.............ccccovciriiiniccccccrnn e 33
B.10 DOCUMENLALION ....oceeeeiiiiieiiiiisre i r e R R e R e R e R e 34
Annex C (informative) Infrastructure data...........cccccceeiiiiccccimiini s e e 35
L O3 R ST Y o] VA8 (=T 1= 1 S 35
C.2 Infrastructure characterization ............ccccciiiini e ——————— 35
C.3  Power supply imPeAANCE ... s e e mnn e e e e s e amn e e e e e e s s 36
C.4 Approximate calculation of the lowest power supply resonance frequency............cccoecmrrrrrninnnes 36
C.5 Simplified method to handle resonance effects with roof cables............ouerrrrreririiiiiieneeeeeeeeees 37
C.6 Return current transfer function..........cccciiicii i ——————— 39
Annex D (informative) Typical voltage resonance graphs.........ccccccvvieerminisirsis s 40
D By B 1Y 0 T - | A . 40
D.2 Interface voltage/current measurement. b1 G Ll O e 40
D.3 Voltage resonance graphs for 15 kV 16,7 HZ NetWOrK.......cccccoeecccmmrmremiinccccssecere s sssces e s ee e 40
D.4 Voltage resonance graphs for 25 KV, 50 HZ NetWOTK.........c...cvvuieieirurermsiynsmsssmeneessssssssssmsesssessssssnnnes 41
D.5 Voltage resonance graphs for/1500V(DCnetwWork 5008 2e 2l mmrerrrrnssssssneresssssssssssmsesssesssssssnnes 41
D.6 Voltage resonance graphs for 3 000 V DC NetwWoOrkK........cccccciiiiicciiemmmrennnssccsssssesesssssssssssssssssesssssssnnes 42
L= 11 0 [T'e T T ] 417/ 43
Figures
Figure 1 — Examples of IUS ... e s e s s e s e 9
Figure 2 — System configuration considered for interference...........ccocooviiniiiiiiiiiicccec e 12
Figure B.1 — Time domain method ..o s s s s s s s s s s e s nn s 26
Figure B.2 — Superposition factors..........cocuiieiieiiiiieiiirr s e e e 33
Figure C.1 — Infrastructure characterization ...........c..cooiiiiii i e 35
Figure C.2 — Power supply admittance ..........cccuieiiiiiiiiiiii s s s s s s s s s re e e e e s e s e e 36
Figure C.3 — Resonance effects for various RST positions.........ccccoiiiiiiiiiiiiicc e 38
Figure C.4 — Resonance effects for various RST input capacitance..............ccooiimiiiiiiiiiiiiiiiicineennes 39
Figure D.1 — Voltage resonance graph for 15 kV 16,7 Hz network..........cc.coviiiiiiiniiiiiiininin e 41
Figure D.2 — Voltage resonance graphs for 25 kV 50 Hz network...........ccooceviiiiiiiiniiiniiinnn e 41
Figure D.3 — Voltage resonance graphs for 1 500 V DC network............ccooceiiiiiiiiiniiiniinninnnnnnans 42

Figure D.4 — Impedance graphs for 3 000 V DC network...........ccooveiiiiiiiiiiiiniiii s 42



CLC/TS 50238-2:2015 -4 -

Tables

JLIE= L = W el T e
LI L L= W U T 3 L T
Table A3 — FTGS/TCMA00 ......ooeiiiieiiieiiaiaeeeieaaeereaaaeeeemn s seremsa s ernmnsseernnssssenrmnnnseernnssssemnnnnnsees
LI L L= N SR €
Table A.5 — GRS - limits due to rectifying traction supply ..........ccoiriiiiiiii e,
Table A.6 — Jade 25 KV, 50 HZ liNeS ......cuiuiniiiiiiiiii sttt s s s s s s s s s s s nararm e e ennas
Table A.7 — Jade DC liNES ....ivuuiieiieiieiieissi s s e e s n e e s n s e enas
Table A.8 — Limits for BACC and CDB 83,3 Hz........cccioiiiiiiiiiiiirreisis s rerere s s sasarasnsn s snsasannnsnsnses
QLI 1oL LN VR el T T Yo -
Table A.10 — CORTO...ciuuiiiiiiii it e e s e e re s s e ra e e n e neranrnas
JLIE= 1 = W B B 03 7 0 .
Table A.12 — 50 Hz AC and DC Traction .........c.cicvuuiiiiiiiimiiiniinir s s
Table A.13 — UM71 C, UM71 CB, UM71C TVM and UC9500 ............coormmumiriiminnirrenn e rra e srenan s
Table A.14 — DC track circuits in UK..........c.oiiiiiiiiiniirrrrr s e e e

Table A.15 — EBI Track 200 (TI-21) Double Rail Limit for in-band frequencies — AC traction
o 1

Table A.16 — EBI Track 200(TI-21) Double:Rail, Limit,for. in-band frequencies — DC traction or
non-electrified lines ........ . o L L L

Table A.17 — EBI Track 400 Open Line Frequency/Double Rail Track Circuit Limit for in-band
L= 10 1= T3 = PP

Table A.18 — EBI Track 400 Open Liné Frequency Double-Rail Track Circuit Limit for out of
band frequencies....... hins//siandadaiehalcaaloglstandands Suleasade LR 04 A Al 000 e e

Table A.19 — EBI Track 400 Station Area Frequency Double Rail Track Circuit Limit.......................
Table A.20 — FS3000 3 KV, DC liNeS .......ccruuuiiiiiieiiiiiii s s s s e s s s e r s s e e
Table A.21 — FS3000 25 KV, 50 HZ liN@S.......uiiiiieiiiiieeeieceie e e e e e e e e e s e e e e e s e e e s e e e e s e e e nmneees
Table A.22 — FS2000 / FS 2500 / FS 2550 / FS 5000 3 KV, DC liNeS.....cceuuuiiiiimniiiiieneeeeereeeeeeemnee s
Table A.23 — Track circuits of 95 Hz and 105 Hz in Norway ..........ccccoimuiimiiiniiniinnir s
Table A24 — JRK TOAT0 .......oooieiieiieeieeeeiea e e e e e e e eea s e eeem e e eremssseenmnaseernnnsssenrmnsnseernnnsssennnnnnees
Table B.1 — Reduction factors for capacitive input impedance..............coooiiiiiiiiieeas
Table B.2 — Summation categories.........ccoiviiieiiiiiiiiir
Table B.3 — K factor Values ..........c.oiiiuiiiiiiiii s s e e e e e naas
Table C.1 — SUPPIY freQUENCY ..c.ccuiiiiiiiicc et r s r s e s s s s rarerrasra s s sansansmnrnnrnnrnnsnnnenns
Table C.2 — Capacitance parameters for electrified liN€S..........cccoiiiiiiiiiiiici e
Table C.3 — No-load supply voltage IeVels ... s s s s e e e s e eans
Table D.1 — Measurement Parameters .........cccoiiiiiiiiiiriiieraire s s s s s s sra s s s s s smarasnssassssassnsan

Table D.2 — Measurement freqUENCIES.......ccuiiiiiiiiiiirii s s s s ss s s s resr s s s s s s ranrnsrnnrnnsennenns



-5- CLC/TS 50238-2:2015

Foreword

This document (CLC/TS 50238-2:2015) has been prepared by CLC/SC 9XA "Communication, signalling and
processing systems" of Technical Committee CLC/TC 9X, "Electrical and electronic applications for
railways".

This document supersedes CLC/TS 50238-2:2010.

CLC/TS 50238-2:2015 includes the following significant technical changes with respect to
CLC/TS 50238-2:2010:

—  The interference current limits for RST have been updated in the normative Annex A.
—  The measurement and evaluation methods for verifying conformity of rolling stock to the limits for
interference current emissions have been moved to the new normative Annex B.

This Technical Specification is intended to become Part 2 of the EN 50238 series published under the title
Railway applications — Compatibility between rolling stock and train detection systems. The series consists
of:

—  Part1: General ":
—  Part 2: Compatibility with track circuits [this document];

—  Part 3: Compatibility with axle counters.

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.

1) The existing EN 50238:2003 was renumbered EN 50238-1 when the voting procedure on Parts 2 and 3 was closed.
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Introduction

This Technical Specification is being developed to permit compliance with the Interoperability Directives
(High Speed and Conventional).

This Part 2 of the series defines:

- aset of interference current limits for rolling stock based on defined track circuits,

- measurement and evaluation methods to verify rolling stock interference current emissions and
demonstrate compatibility with the track circuits;

- traceability of compatibility requirements (types of track circuit and associated limits).
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1 Scope

This Technical Specification defines, for the purpose of ensuring compatibility between rolling stock and
track circuits, the limits for interference current emissions from rolling stock. The measurement and
evaluation methods for verifying conformity of rolling stock to these limits are presented in a dedicated
annex.

The interference limits are only applicable to interoperable rolling stock which is intended to run on lines
exclusively equipped with preferred track circuits listed in this Technical Specification. National Notified
Technical Rules are still to be used in all cases, where the line over which the rolling stock is intended to run
is equipped with any type of older version or non-preferred track circuits that are not listed in this Technical
Specification. However, the rolling stock test methodology (infrastructure conditions, test configurations,
operational conditions, etc.) presented in this Technical Specification is also applicable to establish
compatibility with non-preferred track circuits.

This Technical Specification gives guidance on the derivation of interference current limits specified for
rolling stock and defines measurement methods and evaluation criteria in a dedicated annex.

This Technical Specification defines:

a) a set of interference current limits for RST (Rolling Stock) applicable for each of the following types of
traction system:

1) DC (750 V, 1,5kV and 3 kV);

2) 16,7 Hz AC;

3) 50 Hz AGC;
b) methodology for the demonstration of compatibility between rolling stock and track circuits;
c) measurement method to verify interference current limits and evaluation criteria.

NOTE 1 The basic parameters of track circuits associated with the interference current limits for RST are not in the scope of this
Technical Specification.

NOTE 2 Any phenomena linked to traction;power, supply,and associated protection, (aver voltage, short-circuit current, under- and
over-voltage if regenerative brakes are used) is part of the track circuit design and outside the scope of this Technical Specification.

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.

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

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

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

EN 50238-1:2003, Railway applications — Compatibility between rolling stock and train detection systems —
Part 1: General

CLC/TS 50238-3:2013, Railway applications — Compatibility between rolling stock and train detection
systems — Part 3: Compatibility with axle counters

EN 50388, Railway Applications — Power supply and rolling stock — Technical criteria for the coordination
between power supply (substation) and rolling stock to achieve interoperability

CLC/TR 50507, Railway applications — Interference limits of existing track circuits used on European
railways
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UIC 550, Power supply installations for passenger stock

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 50238-1:2003 and
CLC/TS 50238-3:2013 and the following apply.

3.1.1

coupled vehicles

part of the influencing unit which may be considered as an individual source of interference, different to the
Traction Subsystem

Note 1 to entry: See Figure 1 for examples.

Note 2 to entry: Since one influencing unit may consist of multiple sources of influence, it is normally ensured that the resulting
interference current emitted by the influencing unit into the power supply network does not exceed the interference current limits for RST
value.

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 TUs and
up to 16 coaches.

31.3
integration time
window size over which the output of the bandpass filter is calculated using RMS

3.1.4
interference source
equivalent to traction unit which is fed from-its-ownipower-supply interface point (pantograph or shoe gear)

3.1.5
propulsion system
electrical/mechanical system that produces mechanical force to push the train forward

3.1.6
sources
interference sources which can generate harmonics independently

31.7
train detection system
system which comprises of equipment to detect the presence of a train

3.1.8

traction power unit

unit on the train housing, the converter/inverter equipment and its associated control to drive the propulsion
system

Note 1 to entry: It is also known as the motor car.

3.1.9
traction subsystem
subset of the Traction Unit which produces traction force or electric brake force

3.1.10
train under test
influencing unit used for the test measurements
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3.1.11

traction unit

subset of influencing unit, which comprises all Traction Subsystems including auxiliary supplies and other
power supplies, which can be collectively switched off by one collector/pantograph

Note 1 to entry: See CLC/TR 50507.

Note 2 to entry: The influencing unit may consist of several “traction units“ (TU). Each TU is fed from one pantograph. One TU may
be:

e one locomotive;
e one electric multiple unit, with one or several propulsion systems or traction power units (motor cars);
e one complete passenger train, consisting of individual passenger coaches.

Note 3 to entry: The number of TUs that form one IU depends on the type of rolling stock and its application. Therefore, the
definition of such numbers is out of the scope of this Technical Specification. The following figure shows some examples for various
types and compositions of traction units, forming one influencing unit in each case:

11U 1TU iJ | 1 Locomotive + Freight train
11U 2TU ﬁ | 2 Locomotives + Freight train
11U 2TU _ 1 Locomotive + Passenger train
11U 17U -_:ﬁ 1[EMU

11U 4TU i_m 4 Loc.'omotives

Figure 1 — Examples of IlUs
3.1.12

transmitter breakthrough

background interference which can be present at the track circuit receiver from rolling stock on adjacent
tracks or substation harmonics due to shared cross bonds and/or electrical imbalance of the track circuit

3.2 Abbreviations

For the purposes of this document, the abbreviations given in CLC/TS 50238-3:2013 and the following apply.
AC Alternating Current

A/D Analogue to Digital

DC Direct Current

EMU Electrical Multiple Unit

FFT Fast Fourier Transforms

FSK Frequency Shift Keying

HVI High Voltage Impulse
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[V] Influencing Unit

PC Personal Computer
PWM  Pulse Width Modulation
RMS Root Mean Square
RSF Right Side Failure

RST Rolling stock

TC Track Circuit

TDS Train Detection System
TS Traction Subsystem

TU Traction Unit

WSF  Wrong Side Failure

4 General aspects of interference current limits for RST

4.1 Derivation of interference current limits for RST

The interference limits are defined for a set of preferred types of existing track circuits which are also defined
by Railway Infrastructure companies for uselon futuré new signalling projects on interoperable lines?. If it is
found that the line over which the rolling stock is intended to run is equipped with an older version or with
non-preferred track circuit then National Notified, Technical Rules shall be used. It is not the intention of this
Technical Specification to, mandate any, particular type of train detection,but.it is expected that because the
list of preferred types and their limits for, compatibility are drawn on the basis of established performance
criteria, the trend will be that upgraded interoperable lines are fitted with types which meet the compatibility
limits published in this Technical Specification. The complete set of compatibility requirements for existing
preferred and future types of track circuits to be installed on interoperable lines is outside the scope of this
Technical Specification.

In principle, the preferred types of track circuits from CLC/TR 50507 have been considered in defining the
interference current limits for RST. Where new upgrades of track circuits are available, their improved
susceptibility limits have been taken into account in this Technical Specification.

Annex A defines the interference current limits for compatibility with track circuits. The interference current
limits for RST are defined up to and including the highest frequency range occupied by existing track circuits.

The limits I, are defined under worst case credible failure conditions of the track circuit such as unbalance or
broken bonds or rails as defined by national authorities.

The transfer function between the interference current limit Iy and the susceptibility of the track circuit can be
different for different infrastructure conditions. In the worst case, if the transfer function ratio is one, the total
interference current limit is defined by the susceptibility of the track circuit, taking into account any
contribution from the power supply.

2) The interference current limits and the measurement specification defined in this standard apply to rolling stock intended to run over
interoperable lines equipped with preferred types of track circuits as defined by national infrastructure authorities.
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4.2 Application of Interference current limits to RST design

The interference current limits for RST apply to one influencing unit.

By definition, the interference current limits for RST are based on the maximum steady state interference
signal to which the track circuit may be exposed.

The rolling stock interference current limits incorporate the established margins for the relevant track circuits
which take into account the interference current generated by other vehicles on adjacent or the same tracks.
Specific traction supply harmonics circulated through the impedance of the influencing unit are dealt with as
part of the evaluation methods presented in Annex B.

In the case of testing of single traction units on the operational railway the interference current limits for RST
will have to be applied to the influencing unit by using applicable summation rules, as explained in Annex B.

The interference current limits for RST are defined at absolute frequencies and therefore not dependent on
mains frequency variations. The measured RST interference current is dependant on the mains frequency
variations.

A vehicle is required to conform only to the interference current limits for RST for the traction system(s) (DC,
16,7 Hz, 50 Hz) on which it is intended to operate.

4.3 System definition

4.3.1 Structure

The overall system to be considered is shown in Figure 2 ®_ It consists of four main parts that are defined in
the following subclauses.

Example characterization of parts of thecsystem based)on; a-recent measurement campaign in different
railway networks can befound:in AnnexC.

3) If the configuration is applied to DC, normally DC transducers are placed in the ‘Hot path'.
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