3 Edition

Gregor Theeg | Sergej Vlasenko (Eds.)

Railway Signalling
and Interlocking

International Compendium

OOOOO
IIIIII




Railway Signalling
and Interlocking

International Compendium
3" Edition

Editors:
Dr.-Ing. Gregor Theeg, Germany
Dr.-Ing. Sergej Vlasenko, Russia/Kazakhstan/Germany

Authors:

Dr.-Ing. Enrico Anders, Germany

Jelena Arndt, MA, Serbia/Austria/Germany

Prof. Dr.-Ing. Thomas Berndt, Germany

Prof. Dr. rer. nat. Jens Braband, Germany
Dipl.-Ing. Dmitriy Chelobanov, Russia/Kazakhstan/USA
Dipl.-Ing. Artem Glybovskii, Russia/Germany
Dipl.-Math. Stephan Griebel, Germany

Dipl.-Ing. Thomas Heinig, Germany

Dr.-Ing. Michael Dieter Kunze, Germany

Dr. Eng. Andrej Lykov, Russia

Doc. Ing. Peter Marton, PhD., Slovakia

PD Dr.-Ing. habil. Ulrich Maschek, Germany
Dr.-Ing. Daria Menzel, Russia/Germany

Dr. Eng. Nino Mukhigulashvili, Georgia

Rolf Natterer, Germany

Prof. Dr.-Ing. Jérn Pachl, Germany

Dipl.-Ing. (FH) Martin Rosenberger, MSc, Austria
Dipl.-Phys. Carsten Sattler, Germany

PD Dr. Andreas Schoébel, Austria

Dr.-Ing. Eric Schéne, Germany

Dipl.-Ing. Max Schubert, Germany

Dr. Eng. Dmitrij Shvalov, Russia

Dipl.-Ing. Martin Sommer, Germany

Dr.-Ing. Gregor Theeg, Germany

Prof. Dr.-Ing. Jochen Trinckauf, Germany
Dr.-Ing. Sergej Vlasenko, Russia/Kazakhstan/Germany
Dipl.-Ing. Dirk Zimmermann, Germany

EDITION

Eurail
press



German National Library bibliographic information
The German National Library catalogues this publication in the German National
Bibliography; detailed bibliographic information can be found on http://dnb.de.

Publishing House: PMC Media House GmbH
Werkstéttenstrae 18
D-51379 Leverkusen

Office Hamburg: FrankenstraBe 29
D-20097 Hamburg
Phone: +49 (0)40 228679-506
Fax:  +49 (0)40 228679-503
Web:  www.pmcmedia.com
E-Mail: office@pmcmedia.com

Managing Directors: Detlev K. Suchanek, Antonio Intini
Editorial Office: Dr. Bettina Guiot, Alexandra Schdner
Distribution/Book Service:  Sabine Braun

Cover Design: Pierpaolo Cuozzo
(TZ-Verlag & Print GmbH, RoBdorf)

Typesetting and Printing: TZ-Verlag & Print GmbH, RoBdorf

© 2020 PMC Media House GmbH
3rd Edition 2020

ISBN 978-3-96245-169-1

This publication and all its parts are protected by copyright. Any exploitation beyond the
restricted use of copyright law and without the publisher’s consent is prohibited and unlawful.
This applies in particular to any form of reproduction, translation, microfiming and incorporation
and processing in electronic systems.

Despite thorough research it was not always possible to identify the sources of images.
Please raise any issues concerning the publication of images with the publisher. All images are
published in good faith.

A publication by

P@CM@U@

International Publishing



Contents

Contents

=) = Lo = 15
1 91T (1o o] o 17
1.1 Historical ADSIract .........oocimieiiiiirs e 17
1.2 ESTeTo] 0 T= Yo i £ T T = o o] - 18
1.3 Characteristics of Railway Systems ........ccococeiiiiomirciiirceeeccee s 18
1.4 Safety of Rail TraffiC.......ccovrrmriniirirriris e 19
1.5 [ 7= 1 10T g - 19
1.6 Protective FUNCLIONS.......ccouiiiiicrer e 20
1.7 B =30 00 o) N 1o Yo Y o L 20
1.8 Attempts for Unification of Signalling......ccccuccceeemiricicseeressrcceeee e 21
2 Safety in Signalling Systems........cccccmriiricrcccrree e 23
21 Overview of Regulations and Standards of Safety and IT Security .........cccveuuees 23
2.2 Safety BasiCS ..ucuuriiureiriiririrs i 24
2.2.1 Glossary Referring to Latest EN 50126 .......oovvviiiiiiiiiiieiiceiee e 24
2.2.2 Relationship of RAMS COMPONENES .....eviiiiiiiiiiie et 25
2.2.3  What IS RAMSI(S) 7 .ottt 26
2.3 Railway Operation/Safety Referring to EN 50129 ........cccccoviininieenniinnnsnnsineenns 27
2.3.1 SafEty PrINCIDIES ...eieeiiiiieieee ettt 28
2.3.2 RISK ANGIYSIS PrOCESS ....eiiiiiiiiii ettt 30
2.3.3 Safety Case and Assessment (EN 50126 and EN 50129) ........ccccooiiiiiiiiiiiiiiieneennns 32
2.3.4 TSR (EN 50129 in Connection with EN 50128) ........coiiiiiiiiiiiiiiiieiieeiceeee s 34
2.35 MEENOAS ...t 36
2.3.6 Example of Calculation of TEFR .....cuviiiiii e 37
2.4 Security Principles in Railway Operation/Security........cccociriieinnnninnesnnsnennnnns 39
3 Railway Operation ProCesses........ccuuuvimmmmrrriinssssssssssnssssssssssssnnns a1
3.1 Historical BaCKground.........cccuceeirnmiminmemiss i s ssssn s sssse s 41



Contents

3.2

3.2.1
3.2.2
3.2.3
3.2.4

3.3
3.3.1
3.3.2

3.4

3.4.1
3.4.2
3.4.3

3.5

3.5.1
3.56.2
3.56.3
3.5.4

3.6

3.6.1
3.6.2
3.6.3

4.1

4.1.1
41.2
4.1.3

4.2

4.2.1
4.2.2
4.2.3
4.2.4
4.2.5

4.3
4.3.1
4.3.2

Classification of Tracks, Stations and Signals .......ccccceeeeeceeriescsceeer s 44
Classification Of TrACKS.......viiiiiiii it 44
The Role of LINESIAE SIGNAIS .....ivvieeiiieeiiie et 45
Definitions of Stations and Interlocking Areas ............coovveviiiiiiiiic e 46
Signal Arrangement for Double Track Operation............ccccooivveiiiiiiieiicc 50
Movements with Railway Vehicles.........ccocvirriiiinienicrne e 51
Train MOVEMENTS ...ttt e e e e e e e e e e reeeeas 51
ShuNtiNG MOVEMENTS ... 52
Principles of Train Separation ... 54
Signalled Fixed BIOCK OpEration ...........viiieiiiiiiiie e 55
Cab SigNal OPEIatioN ......iiiiiiciiiie e 58
Non Signal-controlled OPEration ...........cccueiiiiieiiiee e 61
Dispatching PrinCIpIes ......ccccecicsmmmerrmimieieiress s ssssnsssnss e ese s s s sssssnens 61
Decentralised Operation ............cciiiiiiiie et 61
Centralised Traffic CONTIOl .........veiiiii e 62
CONIOI CENTIES ..tieeeiieie ettt e e et e e e et e e e e e sbereeaeans 63
AUtomMation TECANOIOGIES .......eiiiiiiiiii e 64
Special Operating SitUAtioNS .....ccooi i 65
Handling of SIgnal FAIIUrES .......ccouuviiiiiieii s 65
Temporary TraCK ClOSUMES. ... ...cciiiiiie e ettt 66
NON-ShUNtING VENICIES ..o 67
Interlocking PriNCiples.... ... e 69
[ Y=Y Q= 69
[g1igeTe (8 o1To] o ISP SPP PR 69
Basic Principles of Safeguarding a Train’s Path ..........ccccccoviiiiiiiiies 69
Protection of Trains by a Signal at Stop in Rear.........ccccccoviiiiiiiiiiiie e 70
Element DEPENTENCES ......ccccciviiinnnnmnrnnrrierere s e s es s ssssssss s ssmsnnsnssssesssssssssnes 7
ClaSSIfICAION. ..ttt 71
CoUPIEA EIBMENES . 71
UnidireCtional LOCKING .......ciiiiieiii e 72
Simple BidireCtional LOCKING ......civvveiiiiiiiie e 73
Conditional Bidirectional LOCKING ......c.vvviiiiiiiiiiii e 73
01| L= S 74
INEFOTUCTION ..t 74
Extension of Routes and Related Speed Restrictions.............ccooiviiiiiiiiiiiiiiecceces 75



Contents

4.3.3
4.3.4
4.3.5
4.3.6
4.3.7
4.3.8
4.3.9
4.3.10
4.3.11

4.4
4.4.1
4.4.2
4.43
4.4.4
4.4.5
4.4.6
4.47
4.4.8

4.5

4.5.1
4.5.2
4.5.3
4.5.4
4.5.5
4.5.6
4.5.7
4.5.8
4.5.9

5.1

5.1.1
5.1.2
5.1.3
51.4

5.2
5.2.1

Basic Route LoCKING FUNCHONS .......c.uuviiiiiiiiiiccc e 78
ROULE SEIECHON ..t 83
FIaNK PrOtECHON ....coiiii e 84
Overlaps and Front ProteCtion ... 87
Route Elements in the Start SECHON ... 90
Life CyCle Of ROULES .. .uvviiiiiiiiiiiee et 92
Principles of Route Formation in the Track Layout..............coooiiiiiiiiiiiiiiiiiiiceeeeee 97
ShUNtNG ROULES ... 99
Automation of Route Operation.............cooiiiiiiiiiiiiiie e 101
2] oTo QB 1T o= g o (=T g Lot 102
INTFOAUCTION .ttt e e e e e aeeas 102
Geographical Assignment of BIOCK SECHONS .........ccoiiiiiiiiiieiiiiiicecceeeee 104
Overlaying Block and Route Interlocking Systems.........ccccooviiveiiiieiiiiiiicecee 105
Classification of BIOCK SYSTEMS.......ciiiiiiiiiiiiiii e 105
Process of Block Working in Token BIOCK SyStemS ..........ccveeviiiniiiciiiicicce 107
Process of Block Working in Tokenless BIOCK SyStems ..........ccoovvvvieiiiiiiiieeeinnnn, 108
Locking Functions of Tokenless BIOCK SyStemMS .........ccoovviiiviieiiiiiiiiccciiireee e 110
RetUrNiNg MOVEMENTS ......cooiiiiiiiii s 112
Degraded Mode Operation ..........ccceeceeerreseeressmessseessssee e e ssssee s seessesseesssmeees 113
PUIDOSE -ttt 113
Safety in Degraded Mode Operation ............ooiiviieeiiiiiiieeee et 114
Auxiliary ROUTE REIEASE. .. .uviviiiiiiiiiiiiiiiice e 115
Bypassing Defective Elements when Setting a Route.........ccccooeiviiiiiiiiiiiinicees 116
Degraded Mode Operation in Manual Block Systems ..., 117
Degraded Mode Operation in Automatic Block Systems ..., 117
Several Trains between TWO SIgNaAIS........coiuviiiiiiiiiii e 119
Clearance Check for Absolute Block and Station Areas .........cccccvevviiiiiiieiiineens 120
Technical Failure of Short DUration ...........eeeiiiiieiie e 121
7= =T o 1] o PR 123
Requirements and Methods of Detection ..........uviiiiiiiiiiicinissseeeeeerrerere e 123
INEFOTUCTION .. 123
TYPES OF ODJECTS .ttt e e 123
Safety REQUITEMENTS......viiiiiei e 124
DEteCHON PUMDOSES ..ccoiiiiiii et 124
Technical Means Of DeteCtioN......ccuviccccererieccreree e mne s 127
ClASSIICAION. ..ttt 127



Contents

522
5.2.3
524
525
5.2.6
5.2.7

5.3

5.3.1
5.3.2
5.3.3
5.3.4
5.3.5
5.3.6
5.3.7

5.4

5.4.1
5.4.2
5.4.3
5.4.4

5.5
5.5.1
55.2

6.1

6.1.1
6.1.2
6.1.3
6.1.4
6.1.5

6.2
6.3

6.4

6.4.1
6.4.2
6.4.3

SPOt WHEEI DEIECIOIS ...ttt 128
Linear Wheel and AXIe DeteCTOrS ... ..uviiiiiiiiiiiieii e 134
Area Detectors for Vehicles and External ObjectS.........ccovvveeiiiiiiiiciciiiiiice e 135
Three-dimensional DEECHON. ........oiviiiiiei et 142
Systems with Active Reporting from the Train...........ooooiiiiie e, 144
End of Train (EOT) DeteCtion SYSTEMS........viiiiiieiiiiiiiiiece e 147
B = 1o QO 1o [ R 149
Basic Structure and Function of Track GirCUITS ........ccovvveiiiiiiiiiiiiiiiiccec 149
Geometrical Assembly of Track CirCUILS .......covvvviieeiiiiecce e 151
Treatment of Traction Return CUIMENTS........cciiiiiiiiiiiiee e 153
Additional Functions of Track CirCUILS .......c.ueviiiiiiiiiiiieee e 157
Immunity against FOreign CurrentS.........oovveiiiiieie e 158
Electrical Parameters and DIMeNnSIONING..........ccouiiiiiiiieiiiiiiiieeeieiieee e 159
Application of the Types of Track CirCUILS ......vvieiiiiiiiiiie e 161
F N L= O 01U | =Y SRR 168
Basic Structure and Function of Axle COUNters .........cccceviiiiiiiiiiiiie e 168
e 1 O] 1 - Vo PRSP RPPP 169
Digitiser and EVAUBTOL .........c.oiiiiiii e 170
Treatment of COUNtING EITOrS ......vviiiiiiiiii s 173
Comparison of Track Circuits and Axle Counters........uieeeririeiieicicccccccccccccnnns 177
Advantages and DiSadVantages .........ueoiirieiiiiiiiiie e 177
APPHCETION ..t 178
Movable Track Elements........oooommmeemeeeeeeeeeeeeeeeeeee e 181
Types of Movable Track Elements and their Geometry .......ccccccvevecveeenniiccinnens 181
OVBIVIBW ...ttt ettt e et e e et et e e ettt e e ettt e e nneeeenreeeean 181
SIMPIE POINTS .ttt 181
Other Solutions for Connection Of TraCkS .......cuvviiieiiiiiiiceeee e 184
Arrangements of Several Movable Track Elements............cccoeiiiviiiiiiiiicinn, 186
Derailing and ProteCtive DEVICES ......uuvviriiiiiiiiiiiiiiieeeeeeee e 187
Safety Requirements at Movable Track Elements .......c.cccccniiiiniiininiennniennnes 188
Track Clear Detection at Points and CroSSings ......cccvrrrrsmmmnnsessnsssssssssssssnees 189
Lo Y11 1Y F= Vo g1 T 190
OVBIVIEW ..ottt e et e e e et e e e e ettt e e e e e e enrbeeaee s 190
EleCtric POINT MACHINES ...t 192
Supervision of Point Position on the Example of SP-6B.........cccccceeeiiiiiiiiiiiiiiieee, 194



Contents

6.5

6.5.1
6.5.2
6.5.3

6.6

6.6.1
6.6.2
6.6.3

6.7

6.7.1
6.7.2
6.7.3
6.7.4

71

7.2

7.2.1
7.2.2
7.2.3
7.2.4

7.3

7.3.1
7.3.2
7.3.3
7.3.4
7.3.5

7.4
7.5

7.6

7.6.1
7.6.2
7.6.3
7.6.4
7.6.5
7.6.6

Point Locking MeChaniSmMS........cccieieriiniissresinnsssr s sssnns 196
External Locking Mechanism: Clamp LOCK.........cociiiviiiiiiiiciicec e 196
Internal LOCKING MECHANISIN .....vviiiiiiiiiiiiiiiiii e 197
MEChANICAl KEY LOCK ... viieiiiiiiie ettt e e 198
Circuitry of Point Operation and Control in Relay Technology......cccccecceeeeeennn.. 198
GBNEIAI OVEIVIBW....ceiiiie ettt e e et e et aeeean 198
Example with Type N Relays: Russian Five-wire Point Gircuitry.............cooevvveeiiinn. 200
Example with Type C Relays: GS | DR (GErmMany) ........ccoovverieeiiiiiiiieeeeiiiieeeee s 202
Point DIiagnostiCS....cciiiiiiiinnereririn s 209
PUrpOSE and PriNCIPDIE .....cooiiiiiii e 209
DAt CaPIUIMNG +rveeiiiiiii ettt e et e et e e e e e e e e s e e e s 209
Data BEvalUation .......ovveiiiioi e 210
Example for Electrical Supervision of EPM ..o, 211
SIGNAIS .. —————————————————— 213
Requirements and Basic Classification......cccccccceccieiiiccieieinicccceeeeeeccceeeeeneaes 213
Signals with Filament Lamps ......ccccviiirimineenii e 215
Structure of @ Light Signal...........eviiiiiiiiiiicc e 215
SIGNAIUNITS. .ttt 216
Subsidiary INICAIOrS. ... ...vviiiiiiiiie e 217
Control and Supervision of Signal LamPsS......c.ovveiiiiiiiiieiie e 218
LI IS e T = 1 SN 219
LED Development for SIgNalling .......cvveeiiireiiiiieiieeies e 219
Distributed LIGNt SOUICE. .....c.vviiiiiei et 220
Concentrated LIGNT SOUICE ......viiiiiiiiiieeiii et 222
MUIICOIOUF LED .ttt e e e e 222
State of the Art and OULIOOK ........civeiiiiiiiiiie e 223
Optical Parameters........cocviceiiiecer e 224
Retro-reflection of Passive Signal Boards.........ccccceminmmmnnnsninse s 224
Principles of Signalling by Light Signals ........cccccrimmiimne e 225
Utilisation of SiIgNal ColOUIS........cuviiiiiiiiiic e 225
SHOP ASPIECES .ttt 226
Signalling of Movement AUtNOMTIES. .........voiiiiiiccc e 227
Signalling of Speed ReAUCHONS. .......ccoiiiiiiii et 230
Combination of Main and Distant SignalS..........cccoiiiiiiiiiic e 234
ShUNtING SIGNAIS ...ttt e e e e eeeean 235



Contents

7.7

7.8

7.8.1
7.8.2
7.8.3
7.8.4
7.8.5
7.8.6
7.8.7
7.8.8

8.1

8.1.1
8.1.2
8.1.3
8.1.4
8.1.5
8.1.6

8.2

8.2.1
8.2.2
8.2.3

8.3

8.3.1
8.3.2
8.3.3

8.3.4

8.3.5

8.3.6

8.4

8.4.1
8.4.2
8.4.3
8.4.4

Redundancy and Degraded Mode Operation ..........ccccceereeeceeeeerssesssneesssssssnnees 235
Signal System EXamples.......ccicmiinirinnisiss s s 236
German Mechanical and ‘H/V’ Light Signals ...........cccevvvieiiiiiiiiicccece e, 236
Belgian Mechanical SIgNalS.........c..ooiiiiiiiiii e 237
British LIGt SIgN@lIS.....ccovviiiiiiiii e 238
OSZD SIGNAIS ...ttt 240
Modern Dutch SIgnal SYSTEM........eieiiiiieiiec e 241
GErman SySTEM KS ... 242
Signal System on Japanese CommMULEr LINES ........ccvvvviiiiiiiiieiiiiieii e 243
NORAC SIGNAIS ...ttt e 244
B L= UL T8 2 (0] €= Y3 1 (o] o 247
Requirements, Classification and Conditions for Application..........cccccveeeunes 247
GENEIAI OVEIVIEBW ...ttt 247
Cab Signalling FUNCHONS. ..ot 247
SUPENVISION FUNCHIONS ... 249
INtErVENTION FUNCHIONS ....cii it 250
Role in the Railway Operation ProCESS.........uvvviiiiiiiiiiiee e 251
Automation Of Train OPEratioN............eeiiei it 251
Technical Solutions for Data TranSMiSSiON.......ccucccerrrrcrrresserereee e 253
Overview of FOrms of TranSmISSION ........eviiiiiiiiiiiiee et 253
SPOL TraNSMUSSION .ttt e e 254
LIN@AY TrANSIMISSION ...ttt ittt e e e e e 257
Particular SYStEMS......coii i nn e nn 259
Classification Of SYSIEMS ....coiiiiiiii e 259
Group 1: Systems with Intermittent Transmission and without Braking Supervision .....259
Group 2: Systems with Intermittent Transmission at Low Data Volume

and with Braking SUDEIVISION ........oviviiiiiiii e 263
Group 3: Systems with Continuous Transmission of Signal Aspects

by Coded TraCk CIFCUILS.......cciiuiiieee ettt e 267
Group 4: Systems with Intermittent Transmission at High Data Volume

and Dynamic Speed SUPEIVISION ........ciiiiiiieiiiiiiiee et 275
Group 5: Systems with Continuous Transmission at High Data Volume

and Dynamic Speed SUPEIVISION ......uiiiiiiiiiiiiiiiie et 278
I SRR 280
History and European Standardisation ..............ccovvviiiiiiiiiiee e 280
APPIICALION LEVEIS ... 284
Technical COMPONENTS ......uiiiiieei e 294
FUNCHONAI CONCEPES 11vvtiiiiiiiiii ettt e e 296



Contents

8.4.5 OPEratioN MOES ...t 302
8.4.6 Data STTUCTUIE ...t 304
8.5 (0 2 OSSR 304
8.5.1 History of Development and Deployment ..........cooiviiiiiiiiiiieiiec e 304
8.5.2 Technical COMPONENTS ....iiiiiieiiiii et 305
8.5.3 FUNCHONAI CONCEPES .vvviiiie ittt a e e 310
854 Challenges and PrOSPECES .......vvviiiieiiiiiii e 312
8.6 el OSSPSR 313
8.6.1 SYSEEM OVEIVIEW ...t 313
8.6.2 TYPES Of PTC SYSIEMS ...ttt 314
9 Interlocking Machines..........eueeieeeimmimmmiimeinee e 321
9.1 (03 F= TS o= L1 o o 321
9.2 Mechanical INterloCKing .......ccooiiceeiiiiiicee s 322
9.2.1 Historical DeVEIOPMENT ..o 322
9.2.2 System Safety in Mechanical INterloCKiNg...........oooeiiiiiii e 322
9.2.3 Structure of Mechanical Interlocking Systems ..o 323
9.2.4 Example: British Origin Mechanical INterloCKing..........ccvcviviieiiiicc e 324
9.2.5 Example: German Type ‘BEINNEIt . ......ooiiiiii e 327
9.3 LR T=TE= |V [T (=T (oo 1 T 332
9.3.1 Historical DevelOpMENT ... 332
9.3.2 System Safety in Relay INterloCKiNg.........oooiiiiiiiiii e 332
9.3.3 Design of Relay Interlocking Systems.........oooiiiiiiiiiii e 336
9.34 Example: SGE 1958 (Britain) .......ooiuiiiiieeiiiiiiee ettt 339
9.3.5 Example: SpDrS B0 (GEIMANY) ...ciiuiiiiieeeiiiiii et 340
9.3.6 Example: UBRI (RUSSIQ) ....couvvviiiiiieiiii et 345
9.4 Electronic INterloCKing.......ccoueeririiminiss s s 349
9.4.1 HISTOMCAl OVEIVIEW ...ttt 349
9.4.2 System Safety in Electronic INterloCKiNg ........ooivviiiiiiiiiie e 350
9.4.3 HArdWare STrUCTUIE. ......ooiiiiiiii e 351
9.4.4 Geographical DIStHDULION .........uviiiiiicii e 353
9.4.5 SOMWAIE STTUCTUIE ... 354
9.4.6 OPEration CONTION ...viiiiiiiiii et e e aare e 358
9.4.7 COMIMUNICATIONS ...ttt e et e e e e 358
9.4.8 Outdoor Cabling of Field Elements...........oiiiiiiiiiii e 364
9.4.9 ENEIGY SUPPIY ettt 367
9.4.10 Local-electrical Operated Point Switches (LOPS) .........ccccccviiiiiiiiiiiiiiieccc e, 370



Contents

9.5
9.6.1
9.5.2

9.6

9.6.1
9.6.2
9.6.3
9.6.4
9.6.5

10

10.1
10.2

10.3
10.3.1
10.3.2

10.4

10.4.1
10.4.2
10.4.3
10.4.4
10.4.5

10.5

10.6.1
10.5.2
10.5.3
10.5.4
10.5.5

10.6

10.6.1
10.6.2
10.6.3
10.6.4
10.6.5

10.7

10

Hybrid TeChNOIOGIES .....ciiicceere ittt 371
Hybrid Mechanical and Electrical/Pneumatic/Hydraulic Forms ...........ccccoovieeenns 371
Hybrid Relay and EIeCtroniC FOIMS ....uuuviviiiiiiiiieicceeeeeeeee e 372
Technical DiagnoSTiCSs.....ccururiririier i 373
Methods Of MaiNtENANCE ........eeiiiiiii e 373
DIagNOSTIC TASKS .. .iiiieieeee e 373
Development Stages of Technical DIagnoStCS .......vvvviviiiiiiiiiiicciice e, 373
Modern Diagnostic of Railway Signalling EQUIpPmMeNt ...........cccooviiviiiiiiiici 376
Future Development of DIagnoStiC SYSEMS ......coiiiiiiiiiiiiiiiiieeeie e 378
BloCK Systems.......cccciiiiiiiiiniirr s 379
(07 =TT 1= L1 o o N 379
Safety Overlays for Systems with the Staff Responsible for Safety ................ 380
L0 2= 0 T =] o o 381
OVBIVIEW ...ttt e ettt e e e ettt e e e e et e e e e e naaeaee s 381
EIeCtriC TOKEN BIOCK. ... .iiieiiiiiiii et 381
Tokenless Manual and Semi-automatic BIOCK ........cccocmircerinnee s 382
OVBIVIEW ... ettt et e e e ettt e e ettt a e e e e aeeeas 382
Manual BIOCK Siemens & HAISKE .......c...oiiiiiiic i 383
Relay BIOCK BB 11 B0 ...uiiiiieiiiiiiiie ettt e e e 386
Relay BIOCK RPB GTSS ... .ttt e e 388
Japanese Electronic Block for Secondary Lines (COMBAT)........ccccceevviiieeeeiiinnn.. 389
W 2X01 (o) 4 F= LT =] Lo Yo LG SRR 390
OVBIVIEW ...ttt ettt ettt e e ettt e e e e et e e e e e e enraeeaeee s 390
Number of Tracks and Traffic DIreCtONS ........ovviiiiiiiiiiiei e 393
BIOCK SECHIONS ...ttt 394
Communication between Block Points and INterlockings ..........ccovvvvviiiiiiciiiiens 394
Example: North American Automatic Block Signalling System...........cccccceeviviinnee. 395
Centralised Systems for Safety on Open Lines........ccconveerininnnnnininssesissneennns 396
OVBIVIBW. ..ottt e ettt e e ettt e e e e et e e e e e e enneee s 396
Centralised Block Systems for Secondary LINES..........ccccoeiiiiiiiieiiiiiiiecee i 398
Radio Electronic TOKEN BIOCK.........c.uviiiiiiiiiiiccei e 399
Open Line Controlled from Neighbouring INterlockings..........ccccovvveiiiiiiciien 400
Train Control Systems for High Speed LiNeS.........vvviiiiiiiiieeeee e 401
Moving BIOCK SysStems.......ccvceiiiriirie s 402



Contents

1

11.2
11.2.1
11.2.2

11.3
11.3.1
11.3.2

11.4

11.41
11.4.2
11.4.3
11.4.4
11.4.5

11.5

11.5.1
11.6.2
11.6.3

12

12.1

12.2

12.2.1
12.2.2
12.2.3

12.3

12.3.1
12.3.2
12.3.3
12.3.4
12.3.5
12.3.6
12.3.7
12.3.8

Remote Control and Operation Technology.........ccccccmrrrrninnnnnes 405
The Objectives of Remote Control and Monitoring .....ccccucccceeeervecccseeeresccineens 405
Remote Control and Monitoring .......ccccerieerinimeincn e 406
Types of Dispatcher Control/MONItOINING .. ....ocvvvieiiieiiiee e 406
ComMMEAND OULDUL...eceeie ettt e e e baa e e 408
Timetable Scheduling........ccooirii 409
Timetable Preparation ... 409
Timetable OptMISAtION .........vviiiiiii i 410
Technical Solutions fOr CTC........ccceieerrreee e s 410
Basic Structure of CTC SYStEML...ciiiiiiiiiiiiiii e 410
Types of Communication between CTC and Stations.........ccocevvvvvviiiiiiiieeeieeeeeee. 410
CTC Integration with Relay INterloCKiNgS ........oovviiiiiiiic e 412
CTC Integration with Hybrid (Relay-electronic) Interlockings ............ccoovveeeeiiiinnnn... 414
CTC Integration With ETCS ... 415
Examples for Operation Control SyStemS .......ccceveecerrrirrrrssrrrsee e 416
Centralised Traffic CoNtrol iN USA......coiiiiiiiiei e 416
Centralised Traffic Control i GErMANY .......cuvviiiiiiiiii e 420
Centralised Traffic Control in RUSSIA .......vvviiiiiiiiiieee e 423
Safety and Control of Shunting and Marshalling..........ccccceeeue. 427
Principles of Marshalling of TraiNS.......cucieieimiiiiiiininisiissssscsssssssssssssssessssesesesseseen 427
Parts of Marshalling Yards and their FUNCHION ..o 428
General Structure and FUNCHONING ....eivvvieiieieiiieesice e 428
LaYOUL VariantS ....cooeeieiicie e 429
AUTOMIGTION ..ttt e e et e e e e et e e e e et a e e e e nnne 430
Control of Marshalling Yards.........ccccccermiciissmierissscsseesessssssssse e s s sssse e s e s sssssnesesenas 431
INTFOAUCTION ittt eeeeeas 431
RETAITEIS ... e 432
Handling Systems for Freight Wagons ...........ccccoiiiiiiiiieiiceceee e 436
POINES e 437
SIS 0] £ T OSSP URP T PPPPRR 437
TraCk Clear DEIECHION. .....ciiiiiiie et 439
Flange Lubricating DEVICES .......ccoiiiiiiiiiiiiiiii et 439
Yard Management SYSTEMIS .....iciiiiiiiieieieiiie et 439



Contents

13

13.1
13.2
13.3

13.4

13.4.1
13.4.2
13.4.3
13.4.4
13.4.5
13.4.6

13.5

14

141
14.1.1
14.1.2

14.2

14.2.1
14.2.2
14.2.3
14.2.4

14.3

14.3.1
14.3.2
14.3.3
14.3.4

15

151
15.2
15.3
15.4

12

Level CroSSiNgS .....cccceeiriiriiissmsssssssinssssssssss s ssssssss s s sssnssas 445
Requirements and Basic Classification..........cccccoivieciieeniccccseeenssccceeee s 445
Static Roadside SigNs ......ccccciiiiirinnir s 446
Passive Level CroSSiNgS. .. ..o s s sssssssssssssssssssssssnes 447
ACtiVe LeVel CroSSINGS ....ucueriiiiiieeririiisisnreesssssssseesssssssssnsesssssssssessssssssnssssssssssnnees 451
OVBINVIBW ..ttt ettt e 451
Dynamic Roadside Safeguarding ...........cieiiiiiiiieiiiiiiiieee e 452
Activation and Deactivation of Level CroSSINGS.......coovvveiiiiiiiiiieiiiieeiie e 456
SupPervisSion Of LeVEl CrOSSINGS. ... .vviiiiiieiiieiiie ettt 460
Possibilities of Degraded Mode Operation............cccvveiiiiiiiiciiiieieee e 465
Combination with Road JUNCHIONS..........uiiiiiiiiiiiiee e 466
Removal of Level CroSSiNgs.......ccuccerrrarrreseerseseesesseesssseessssesessmessssmsssssnssessnes 468
Hazard Alert Systems.......ccccivmmmmrriiinesrrr s 469
Hazard in Railway SyStemMS.......cuccvcieiiiiiccerere s ccenre e ss s e s e s s s s s mne e e s s e 470
Safety Related Hazards. . ........ooiviiiiiiiiii e 471
Security Related HazardS..........viiiiiiiii e 474
Solutions for Hazard Detection ... 474
WayS OF INSPECHON. ....eeei i 475
Fault States t0 MONITOT . ....cciiiii e 476
Integrated Approach of INSPECTION ........coiiiiiiiiiei e 476
Extract of Available Technologies and ProduCtS...........ccooiiiiiiiiiiiiiiiieiiiiicees 478
Aspects of APPlICALION ......eeeiiiiiiiirrriiirr e —————_—— 490
Network Oriented Positioning of Wayside Train Monitoring Systems (WTMS) ........ 490
Operational HandliNng OPtiIONS .....uvieeiiiiiieei e 491
Cost-benefit Analysis of Wayside Train Monitoring Systems ..........ccccceeeiiiiineenn. 493
Demand for a Generic Approach for Data Exchange........ccccceeevviiiiiiiiiiiiiicees 494
Future of Signalling ... 497
Today’s SitUALION......cceirir i ———— 497
Decentralised INterlOCKING .....cccuriiimimiiiiiiiiiisssre s 498
SIGNAIS ..eeeiicre it ——————————————————— 499
Track Clear Detection Substituted by Train Integrity .....ccccccoeecemieicciennniccceees 499



Contents

15.5 MaINTENANCE ....ociiiceire i ———— 499
15.6 New Concept of Safeguarding Vehicle Movements.........cccoocurvnrmininnennssnnnnines 500
15.7 LY=o U 1 Y S 500
REfErENCES. ...t —————————— 501
L]0 T= =T TN 511
Explanation of Symbols in Track Layout Schemes.........cccoviccieiemrcccceeeene e eescsnnees 531
LI T L0110 o T 533
3T L= 541
AdVErtiISEMENTS......eeiiiiei i 552

13



Preface

Preface

In the era of globalisation, the future success of the railway sector depends significantly on the
worldwide sharing of knowledge. However, railway signalling is still one of the few sectors of
technology in which national solutions differ substantially.

For a long time, there were no common terms and definitions, and there was a corresponding
lack of understanding of the underlying principles. In the technical literature, descriptions of
railway signalling principles tended to concentrate on the railways of a single country, or group
of countries.

Ten years ago, the first edition of the textbook was published, with the intention that merely
comparing different national solutions was not sufficient. What was really needed was a
generic description of the principles that allowed the reader to look outside the national
viewpoint. The result was that an international team of experts analysed and compared
operation and signalling principles in different parts of the world, with the aim of putting
together a systematic overview.

The book became a great success, used by many universities, libraries, companies and
private individuals, and was very well received by readers. The demand was higher than
expected, and technical developments have continued to advance. The result has been the
publication of the second and now this third updated edition. This new edition builds upon its
predecessors and adds much new content to reflect subsequent important developments.

We would like to express our gratitude to all readers for their support. We hope that this
textbook will remain a valuable resource for students at universities and colleges, and for
practitioners in the railway environment alike. Comments from readers to be considered for
future editions are always welcome.

We wish to thank Alexandra Schoner, Dr Bettina Guiot and the whole staff of PMC Media
House for their support in this venture. We also thank Uwe Lehne of TU Dresden for technical
support in the production of the manuscripts and railway author John Glover for the linguistic
editing. We also thank Aleksej Efremov, editor of the journal Railways of the World, for his
advice and supply of a variety of illustrations, and for the successfully publishing of a Russian
edition.

Gregor Theeg and Sergej Vlasenko
October 2019

General note: For better readability, when talking about persons and functions (such as signallers, train drivers etc.),
the pronoun "he" is usually used in this book. However, also female persons are equally meant.
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1.1 Historical Abstract

1 Introduction
Gregor Theeg, Ulrich Maschek, Sergej Vlasenko, Jochen Trinckauf

1.1 Historical Abstract

In the 1830s, Britain pioneered the main line railway. The new technology soon spread across
the world, as the first means of mass transportation. In the early years, trains were kept apart
by the use of the time interval system, but there was no means of knowing what might be
happening once they were out of sight. If a train did not arrive at the next station when it was
expected, a locomotive would be sent out to look for it. The assumption would be, probably
correctly, that it had broken down.

Operational safety depended on the obedience of rules by staff, with a rather high probability of
human error, while the rules themselves were imperfect. They soon became insufficient as the
speed of trains increased, as did the payloads which could be carried and the density of the traffic.

Safety measures which appeared over the years were fixed signals which could be seen from
a distance and by all personnel, replacing flags, the establishment of signal boxes, which were
able to control points and signals over an area without staff having to walk between them,
the electric telegraph which enabled communication between adjacent signal boxes, and the
establishment of the block system dividing the track into sections. ‘No more than one train to
be allowed in any one section (or block) at any one time’.

All these helped staff to avoid mistakes. However, accidents caused by human error still
occurred, as the increasing complexity of operations could overwhelm the staff. Destructive
accidents with many casualties were the result.

Learning from this, the railways searched for methods to enforce correct behaviour of the staff
involved. This led to the development of rule books and other manuals, setting out what was
supposed to happen and how it was to be achieved.

The first mechanical signal boxes with interlocked points and signals were introduced in the
second half of the 19th century. The interlocking prevented opposing indications being given,
such as points set for one direction but signals for another.

There were two major electro-technical inventions in the same period, which became decisive
for further development:

— The electro-mechanical block instruments by Siemens & Halske in Germany, which enabled
remote interlocking functions between different signal boxes.

— The track circuit in the USA, which enabled the tracks to be proved clear before a train
was allowed to move onto them, and which also enabled the transmission of information
between different trackside entities and the trains.

From the beginning of the 20t century, systems came into use to protect against the failure
of drivers to stop at a signal at danger, or if the permitted speed was exceeded. These
developed from simple systems which only provided an attentiveness check or enforced
braking if the train had already passed a red signal. These early forms of braking supervision
later progressed to advanced systems with continuous guidance of the train, which can make
even trackside signals obsolete.

During the 20t century, mechanical technologies in railway signalling were replaced
progressively by electricity, and later by micro-electronics. Additional and sophisticated
functions were added over time, but the principles of railway signalling and interlocking
remained unchanged from those established in the early years.
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1 Introduction

1.2 Scope of this Book

The railway system, from the technical point of view, consists of three main segments (figure 1.1):

the track infrastructure on which the rail traffic is moving

the vehicles, which are the moving units of the railway system to carry passengers and goods
the trackside and onboard signalling and interlocking systems, which make those
movements safe

These three components make up the railway operation as a whole, together with its rules and
processes.

The focus of this book is on signalling and interlocking, which have many interfaces with the
other segments, but with operational rules and procedures in particular.

Figure 1.1: Scope of the book in the overall railway system

1.3 Characteristics of Railway Systems

Some basic characteristics of railway systems, which distinguish them from other modes of
transport, are:

1.

18

Guidance: The path taken by the train is determined by the mechanical guidance system
of wheel and rail, and maintaining that guidance is essential for safety. Thus derailments
have to be prevented, and this includes the non-continuous guideway locations at (for
example) points. Also, the driver has no means of evading obstacles. The path of a train
can be changed only by points. It follows that it must be possible to predetermine the route
to be followed and to set the points accordingly. As the vehicle is very closely related to the
guidance system, it can also be termed a linear control system.

. Long braking distance: The steel wheel has relatively poor braking performance on the

steel rail, but there is a relatively high running speed. Depending on the braking system,
braking distances at as little as 50 to 70 km/h are often longer than the visible and clear
route in front of the driver, and braking from 160 km/h to zero needs one kilometre or more.
Braking distances increase in some weather conditions, especially when icy or during the
leaf fall season. The sighting distances are insufficient for the driver to decide when to
reduce speed or stop. The driver has very limited means of avoiding collisions, but has to
rely on the technical systems and his own route knowledge to decide when to brake.



3 Railway Operation Processes

The procedure of Timetable & Train Order was even used on most lines with automatic block
signals. Although time spacing was replaced by fixed block operation, the traffic was still
controlled by train orders. This allowed the railway to have non-interlocked hand-operated
points on automatic block lines. A signal-controlled operation in which trains are governed
directly by signal indications can only be found on lines with Centralised Traffic Control
(CTC). Although CTC is normally associated with remote control of interlocking stations, the
basic definition of CTC is that trains are governed by signal indication. This is a frequent
cause of misunderstandings between North American and European railway experts, since
governing trains by signal indication is the standard form on all European mainlines. This
applies even on lines controlled by old mechanical interlocking systems. Formally though,
any European line controlled by local mechanical interlocking stations meets the North
American definition of CTC.

3.2 Classification of Tracks, Stations and Signals

3.2.1 Classification of Tracks

In signalling and operating rules of many railways, a track is often referred to as a line. A
route consisting of just one track is called a single line, while a route with double track
operation, i.e., two parallel tracks and a specified direction for normal moves on both
tracks is called a double line. In North America, this use of term line is not so common.
For operational purposes, tracks are divided in two main classes, which have different
descriptions in the rule books of several railways. However, the basic idea is always
the same. First, there are tracks that can be used for regular train movements (for the
classification of movements with railway vehicles see chapter 3.4). Here, these tracks are
called main tracks. Another term mainly used in the British rules, is running lines (since in
the British terminology in operating and signalling rules, a track is often referred to as a
line). The tracks of the open ling, i.e. the sections between stations and their continuation
through stations and interlockings, are always main tracks. Main tracks used for passing and
overtaking trains are called loops (figure 3.1).

Figure 3.1: Classification of tracks

In a signalled territory, main tracks are equipped with signalling appliances for train
movements. Points on main tracks are usually interlocked with signals. Sidings are all tracks
that must only be used for shunting movements. In shunting areas with hand-throw points and
in older interlocking systems that do not provide shunt routes, points in sidings are often not
interlocked. An arrangement of sidings for making up trains, storing equipment, and similar
purposes, is called a yard (figure 3.2).
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3.2 Classification of Tracks, Stations and Signals

Figure 3.2: Yard

In the North American terminology, loops are called sidings. Whether or not a siding of that kind
is considered as a main track depends on the operating procedure of a particular railway. Even in
signalled territory, points in main tracks are not necessarily interlocked with signals (White 2003).

3.2.2 The Role of Lineside Signals

While being gradually replaced by advanced radio-based train control systems, lineside signals

are still the most common technology for controlling train movements. Concerning the control

philosophy, there are two different control principles to be found on individual railways:

a) railways on which signals just indicate if and under what conditions a movement may enter
the section beyond the signal independently from the kind of movement to be made

b) railways on which the signal aspects authorise a specific kind of movement

The principle a) is to be found on North American railways but also on some railways outside North
America (e.g., on the Dutch railways). The principle b) is the dominating principle outside North
America. It is typical for most railways where train movements are strongly separated from shunting
movements (see chapter 3.4). On these railways, there are two basic kinds of lineside signals:

— main signals
— shunting signals

Main signals authorise a train movement to enter a track section. This is typical for almost all
railways outside North America. In a fixed block territory with a signal-controlled operation, train
movements are authorised by signal indications. Apart from when the approach line has a low
maximum speed, a signal that authorises a train movement requires an approach aspect (also
called ‘warning aspect’ or ‘caution aspect’) at the braking distance. This is because the stopping
distance is generally greater than the distance the driver can see ahead. The approach aspect is
necessary for safe braking when approaching a stop signal.

In a territory where the distance between signals does not much exceed the braking distance,
the approach aspect is usually provided by the signal in rear. In a territory with very long
distances between main signals, distant signals are placed at the braking distance in approach
to a main signal (chapter 7.3.3). A distant signal warns; it can only provide an approach aspect
for the signal ahead. It cannot show a stop aspect.
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5 Detection

Figure 5.11: Principle of inductive detector (example RSR123)

Due to the increasing digitalisation of the whole railway sector, there is a trend towards
solutions that enable an evaluation of the measured signals within the sensor. Based on the
ability of providing a digital output, these sensors can be implemented in digital networks.

5.2.2.5 Fibre-optical Detectors

A recent detection principle for spot wheel detectors is based on optical sensor technology
that is in use for monitoring strain inside large structures (e.g. bridges, aircraft wings). They
use optical fibres with so called fibre bragg gratings (FBG) with a defined grating period A
inscribed in their core (Heyder/Arezki 2018). Using an optical input signal and a given grating,
a reflected bragg wavelength AB can be measured (figure 5.12). This wavelength depends on
the temperature and strain changes.

Figure 5.12: Principle of fibre bragg grating optical detection (Heyder/Arezki 2018)
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5.2 Technical Means of Detection

The Lited4ce sensor (Thales) uses this principle with two FBG-placed 8 cm from each other
at 45-degree angle for the detection of railway vehicles. A pre-tensioned optical fibre is first
stretched (A1) and then compressed (\|) (other direction vice-versa), when a railway vehicle
passes the fibre sensor. Due to the angle, the algebraic signal changes during the passing
of train wheels. The sensor is installed by gluing it directly to the cleaned rail (figure 5.13).
The measured data from the sensor system is used to monitor the glue joint. In addition, any
breakaway of the sensor from the rail is detected by the pre-tensioned optical fibre.

Instead of induction coils, an optical laser is needed to send the signal through the sensors.
This signal is permanently on and modulated in intensity. The measurement of the reflected
wavelength is done by opto-electric chips, containing a photodiode and filter. The analogous
optical signal is digitised, considering the temperature characteristic for each chip. Afterwards,
digital signal processing is applied to generate the differential signal of the two sensors to
count passing axles (chapter 5.4.2). Besides axle counting and detection of direction, this
sensor technology allows measurement of train speeds and axle loads as well as detection of
wheel flats (Heyder/Arezki 2018).

Figure 5.13: Principle of optical wheel sensor (example Lite4ce) (Heyder/Arezki 2018)

The advantages of these optical detectors are that almost no copper is needed (protection
against cable thefts) and that there are no issues with electromagnetic interference/overvoltage
protection in case of lightning and traction return currents. Optical and conventional inductive
sensors can be combined within an interlocking area, so it is possible to extend existing
interlockings with optical detectors (Heyder/Arezki 2018).

Due to gluing the sensor directly to the rail it is not possible to de-install the sensor or change
the sensor location. In that case, a new sensor has to be attached to the rail. This is a
disadvantage, especially in the case of rail replacement.
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14 Hazard Alert Systems

141 Hazard in Railway Systems

According to an ontology based approach, there are a number of dependencies between
different fault states within the railway system. Generally, one fault state can lead to another
fault state, usually being much worse than the one before. Thus, in an abstract view, fault
states can be interpreted as causes and the resulting fault states can be interpreted as
consequences (figure 14.1).

Figure 14.1: Cause-consequence-chain

If there are no means of monitoring to recognise them, the final consequence of many fault
states is a derailment. Therefore, it is necessary to prevent the long-lasting occurrences of
all critical fault states. The majority of relevant fault states cannot be directly observed due to
trains running at speed. Thus, on-board or wayside monitoring systems can provide a number
of measurements that can indicate a fault state (Schdbel/Maly 2012).

Generally the estimation of risk is a difficult task, because an accident data base only provides
indicators. Dangerous situations during operations which did not lead to an accident are
normally not stored in an accident data base, although these situations are important for the
risk estimation. To compensate for this missing information, the judgement of operational
experts is very important. Of course, the first task is always to have a closer look at the
accident data base if there are reliable values available for the risk estimation. Therefore
it is necessary to know details about the history of an accident. Sometimes a predefined
categorisation is not suitable for a specific accident. On the other hand, the accident data
base gives a first indicator of the potential risk. The specific view on the accident data base is
given by this aspect if it is possible to recognise one fault state by some wayside monitoring
system. So the fault states which are in the focus of such an analysis must be vehicle related
and appear for a certain time to be measured by some detector.

The calibrated risk matrix can be used to put in the vehicle related fault states which may
seriously damage the infrastructure. Therefore it is necessary to check that all well-known
fault states have been considered. For each fault state, an analysis based upon the national
accident data base can be carried out for the infrastructure manager to estimate the risk
caused by each fault state. Risk is always defined as a product of probability and severity.
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14.1 Hazard in Railway Systems

The usage of the risk matrix in signalling issues is state-of-the-art. For the operational
application, the qualitative descriptions of probability and severity must be quantified. The
calibrated matrix must cover the range of operational scope (Schdbel/Vek 2012).

Figure 14.2: Risk matrix for demand analysis of hazard monitoring in million € per year

14.1.1 Safety Related Hazards

In terms of derailment prevention, the following causes are be observed:

blocked brakes or wheels

Continuous braking may lead to a derailment of a wheelset due to additional longitudinal
forces resulting from certain non-ideal movements of the train, such as acceleration,
movement around curves, or an unsuitable combination of wagons by their relative weights.
Moreover, the thermal stress on the wheels and axles may lead to the displacement of one
or both wheels on the axle and thus causing an increased derailment risk. Furthermore, due
to the massive frictional heat generated, blocked brakes can lead to temperature increase
of axle boxes. Finally, they can cause fires in the bogie construction, the sparks which might
cause lineside fires.

broken axle shaft

If the rigid link between left and right wheel is missing, each of the wheels will be guided by
only one axle box, which can again lead to derailment.

broken axle stub

In case of a broken stub shaft, the vertical forces cannot be contained by the axle box. This
can lead to the wheel being displaced from the axle, leading to a derailment.

broken wheel

A broken wheel cannot guide the train, resulting in a high possibility of derailment.

faulty flange of wheel and flat spots

In case of the increased wear of the wheel flange the rail-wheel interaction will be more
intensive, which may lead to a derailment under special operational conditions. If parts of
the wheel flange are broken, the guidance will be missed completely and the wagon could
derail.
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14 Hazard Alert Systems

faulty suspension

A faulty suspension may cause a loss of contact between wheel and rail. Furthermore, due
to the reduced absorption capability of faulty suspensions, the vehicle body may oscillate.
Both may lead to a possible derailment.

faulty frame

Unbalanced wheel loads can be a result of a faulty frame. The reduced lateral guidance of
unloaded wheels might lead under certain non-ideal running conditions (curves, etc.) to a
derailment.

imbalance (in motion)

Unloaded wheels do not provide lateral guidance. This might lead to a derailment under
certain non-ideal conditions (curve, etc.).

violation of clearance gauge

If the vehicle fouls the structure gauge, contact with wayside assets (e.g. signal masts,
power supply masts) can occur. In extreme cases, this might lead to a derailment. Also
loose load fastening straps might reach the contact wire, resulting in a flashover or fire.
faulty buffer

If there are cracks on the buffer head, their ability to slide against other buffers will be
hindered. This can cause derailments or overriding buffers. If the buffer head fails, one
buffer might break off and fall on the track.

overriding of buffers

Due to an overriding of buffers it is not possible for buffer discs to slide causing an axle to
be pressed out of the track.

objects within the clearance gauge

If external objects protrude into the clearance profile, a collision with parts of a moving
vehicle might occur. Depending on the object, such events might lead to a derailment. This
applies also to objects lying on the infrastructure.

variation of width of the track gauge

The width of the track gauge, being either too large or too small, by distortion or otherwise,
can be the cause of a derailment.

track distortion

Too large track gauge might lead to a derailment.

broken rail

A breakage with a damaged rail head might cause a loss of the guidance, leading to a
derailment. If there is a vertical rail break, the rail will move laterally under stress, also
causing a derailment.

insufficient track bed

Wear of ballast causes subsidence which can result in failures of the track. Therefore, the
proportion of Y and Q forces might be higher, causing a derailment. Moreover, a reduced edge
of ballast might reduce the lateral resistance and track distortion might be the consequence.

If these causes are not recognised in time, a derailment will result. Additionally, the following
hazards need to be monitored:

hot (damaged) boxes

The dangers caused by hot axle boxes are well known, especially derailment, and usually
in conjunction with the irregular distributions of loads within vehicles. The best indicator for
damaged boxes is the temperature of the box itself. Monitoring of the axle box temperature
can prevent breakage of the axle shaft or axle stub.

displaced cargo

If loads are inadequately or incorrectly secured, they may foul the clearance gauge or even
completely displaced from the wagon.
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