IEC 60913:2024-04(en)

Full docu

IEC 60913

Edition 3.0 2024-04

INTERNATIONAL
STANDARD

colour
inside

Railway applications — Fixed installations — Electric traction overhead contact
lines systems



http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Tel.: +41 22 919 02 11
info@iec.ch
www.iec.ch

About the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished
Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and once

IEC Products & Services Portal - products.iec.ch

Discover our powerful search engine and read freely all the
publications previews, graphical symbols and the glossary.
With a subscription you will always have access to up to date
content tailored to your needs.

Electropedia - www.electropedia.org
The world's leading online dictionary on electrotechnology,
containing more than 22 500 terminological entries in English

a month by email. and French, with equivalent terms in 25 additional languages.

Also known as the International Electrotechnical Vocabulary

IEC Customer Service Centre - webstore.iec.ch/csc (IEV) online.

If you wish to give us your feedback on this publication or need
further assistance, please contact the Customer Service
Centre: sales@iec.ch.

Documents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

IEC 60913

Edition 3.0 2024-04

INTERNATIONAL
STANDARD

colour
inside

Railway applications — Fixed installations — Electric traction overhead contact
lines systems

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 45.060.01 ISBN 978-2-8322-8244-1

Warning! Make sure that you obtained this publication from an authorized distributor.
Documents
Document Sharing Hub

® Registered trademark of the International Electrotechnical Commission

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

-2- IEC 60913:2024 © IEC 2024

CONTENTS
FOREWORD ...ttt ettt ettt et e e ettt et et e et et et e et e e e et a e e anns 9
1 S oo o 1= Y PP 11
2 NOIMAtiVE FEFEIENCES .. oeieiii e e 11
3 Terms, definitions, symbols and abbreviated terms............. 14
3.1 Terms and definition ... 14
3.1.1 S S IMIS i e 14
3.1.2 (070 oo 11 o1 (o] = PP 18
3.1.3 RetUIN CirCUIt .. e e 19
3.1.4 EleCtriCal ..o 20
3.1.5 GEOMETIICA ... 21
3.1.6 STUCHUNE S e 23
3.1.7 FOUNAAtioNS . ..o 24
3.1.8 CUrreNnt COIBCIONS ... 24
3.1.9 Current CollECtioN ... 25
3.1.10 L1410 T P 25
3.1.11 MiSCEIIANEOUS ... et e 26
3.2 R4 1] o Yo - PN 26
3.3 Abbreviated terMS ... ..o 29
4 Fundamental design data ... 29
4.1 (=Y o 1-Y = | PPN 29
4.2 Line CharaCteriStiCSs .....ou i 29
4.3 Electrical power system deSign ..o 30
4.4 Vehicle CharaCteristiCs ..o 30
4.5 L1014 =Y o) oo ] =T o (o P 30
4.6 Environmental CONditioNS ... ... 31
4.7 [T T | o B 31
B Sy S temM reqUIrEMENES e 31
5.1 Design of electrical SYStemM ... 31
5.1.1 GBNETAl e 31
51.2 Temperature rise in CONAUCTONS .......iniiiiiiii e 31
5.1.3 Clearances between live parts of contact lines and earth............................... 33
5.1.4 Clearances between adjacent live AC contact lines of differing voltage
o = T TP 35
5.2 Design of overhead contact line for current collection systems..................ccoceenl. 36
5.2.1 GBNETAl e 36
5.2.2 Elasticity and its variation ... 37
5.2.3 Vertical movement of contact point ... 37
5.2.4 Calculated wave propagation VeloCity .........cooeiiiiiii e 37
5.2.5 Quality of current ColleCtion ..........oioiiiii 38
5.2.6 Fatigue of contact Wire ... 40
5.3 Mechanical design of contact wire [0ads ...........cooeiiiiiiiiiii 40
5.3.1 Permissible tensile stress oy ..........coooeiiiiiiiiiiii 40
5.3.2 Maximum temperature Kigpmp -« coveovereereimiec 40
5.3.3 AllOWable WEAT Kyyggr------ceeerrrrrrmnaeeeeeeeiiiiiie e 41
5.3.4 WiNd 10@dS Kypjjpyqf «--vvveeeereeeeerrmmmmmmnie oo 41
535  1CE 10AS Kigg-wrrrrerrrrerorreermeieeeooeeooeeeoeeeeeeeeeeeeeeee oo Documents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

IEC 60913:2024 © |IEC 2024 -3-

5.3.6 Efficiency of tensioning devices Kgff.........ooooeiiiiiiiiiiiiiiiiiiciic 41
5.3.7 Termination fittings Kgjamp:-«-«-eoeereemmmim 42
5.3.8 Joints Kjoint ................................................................................................... 42
54 Mechanical design of catenary wire [0ads ..o 42
5.4.1 Permissible tensile loading Fyy........ccooviiiiiiiiiii 42
5.4.2 Maximum temperature Kigmp «-.-ovooveeeeeeimimi 42
5.4.3 WiNd 10@AS Kypjjpygf ---vveeeerrreeeerrmmmmmmnie e 43
5.4.4 ICE 108AS Kjg@ wvvvrrrnnnneeeeeeiiiiiiie e 43
5.4.5 Efficiency and accuracy of tensioning device Kgff..........ooooeeeeiiiiiiiiiennnnnn, 44
5.4.6 Termination fittings Kgjgmp:----eoeeeeeoe 44
5.4.7 Additional vertical 10ad K|ggg.------===ssererrrrmmmmmiaaeeeeeeiiiiie e 44
5.5 Mechanical design of other stranded conductors...........ccoooiiiiiii i 44
5.6 Mechanical design of SOlid WIr€S .........couiiiiiiiiii e 44
5.7 Mechanical design of ropes of non-conducting materials...............cccoooiiiiin.. 44
5.7.1 LT o= = | P 44
5.7.2 Permissible tensile loading Fyy........ccoooiriiiiiiiii 44
5.7.3 WiNd 10@dS Kypjjpygf «--vveeeerrreeeerrmmmmmmmnee e 45
5.7.4 ICE 108AS Kjg@ wvvvrrrnnnreeeeeeiiiiiiiie e 45
5.7.5 Termination clamps Kgjgmp -« «-veoveereeeemmm 45
5.7.6 Vertical 10adS Kjggq««««««+rrrrrrrrrrmmmmmmmmmumiiiiiiiititiiieeee e 45
5.7.7 Minimum bending radius Kpgiyg «-- oo oooeeeeeeeeeessmesnsnnsnnsssnsssssssss 45
5.8 SUSPENSION SYSTEIMS .ot 45
5.9 Tensioning device for flexible overhead contact lines...............ccooooiiiiiiiiinn. 46
5.10 Geometry of overhead equipment ... ... 46
5.10.1 Lateral deviation of contact Wire ...........coooiiiiiiiii 46
5.10.2 LU 3 PP 47
5.10.3 Variation in contact wire height ... 47
5.10.4 Contact wire height.. ... 48
5.10.5 Tolerances of lateral contact wire position ..., 50
5.10.6 SPAN LENGEN Lo 50
5.11 Contact line arrangement above turnouts and Crossings ..........c..ccoovveiiiiiiiiniinneenn. 50
5.12  Overlap arrangemENtS ... 51
5.13 Specific requirements for overhead contact lines for trolleybus systems ............... 51
5.13.1 LT o= = | P 51
5.13.2 Line characteristiCs . ..o 51
5.13.3 Vehicle characteristiCs . ... 53
5.13.4 Current collector SYSTEM . ... 53
5.13.5 Static CONtACT FOrCES ..iiviii i 53
5.13.6 Trolleybus in the vicinity of tramways............coiiiiii e, 53
5.14  Tolerances and lIMItS ... e 54
6  Structures and fouNdations ... ..o 55
6.1 Basis Of eSIgN .oouiiiiii 55
6.1.1 LT o= = | P 55
6.1.2 BasiC reqUIrEmMENtS ... 55
6.1.3 Design with regard to structural lImits ...
6.1.4 Classification of actions..........coviiiiiiiiii DOCU ents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

-4 - IEC 60913:2024 © IEC 2024

6.1.5 Reliability 1€VEIS.. ... e 57
6.1.6 Models for structural analysis and resistance............c.c.cooviiiiiiiiin i, 57
6.1.7 Design values and verification methods ..o, 57
6.1.8 Wall @NCROTIS. .. 59
6.2 Actions on overhead contact INeS ... 59
6.2.1 GBNEIAL .. 59
6.2.2 Permanent 10ads ..o 60
6.2.3 Variable 10adS. ... 60
6.2.4 WINA J0@AS ..o 60
6.2.5 ICE l0AAS .. et 64
6.2.6 Combined wind and iCe 10adS ........iiiiiiiiiii 64
6.2.7 Temperature effects. ..o 65
6.2.8 Construction and maintenance 10ads ..........ccooiiiiiiiiiiii e 65
6.2.9 AcCidental 10@dS ... 65
6.2.10 Special @CtiONS ..o 65
6.3 Types of structures and related load CaSeS ........covviiiiiiiiiiii e, 66
6.3.1 Load cases and load combinations ... 66
6.3.2 Type of structures and application of load cases............ccoooveiiiieiiiiiiiieenn. 67
6.3.3 Partial factors for actions ... 70
6.4 Design of cross-span supports and structures............oooooiiiiiiiiien 71
6.4.1 Analysis of internal forces and moments.........cc.cooiiiiiiiiiiiici 71
6.4.2 Analysis of resiStanCe ... ... 71
6.4.3 Material partial faCtors ........ccoooiiii i 72
6.4.4 Verification of resistance ... 72
6.4.5 Verification of serviceability .........cccoiiiiiii 72
6.4.6 Material for SITUCTUIES ... ..o e 72
6.4.7 Corrosion protection and finishes....... ... 73
6.5 FOUNAAtIONS ... e 73
6.5.1 GBNEIAl e 73
6.5.2 Design of fouNdations ......couiiii 73
6.5.3 Calculation of aCtions ... 74
6.5.4 Geotechnical deSign .. ... 74
6.5.5 Partial factors for foundations ...........cooiiiii i 77
6.5.6 Verification of stability ... 77
6.5.7 Calculation of displacements ...........ccoiuiiiiiiii i 78
6.5.8 Materials for foundations ... 78
6.5.9 Structural details ..., 79
6.5.10 Protection against corrosion and weathering............cocoooviiiiii i 79
6.5.11 Electrical desSign .. e 80
6.5.12 Installation of fouNdatioNs ... ..o 80
7  Assembly and Component requirements ... ... e 81
7.1 LT a1 =Y PP 81
7.1.1 DESIgN i@ oot 81
7.1.2 Component identification ... 81
7.1.3 COorrosion @and ErOSION ... 81
7.2 SUPPOrtiNG @SSEMbDIIES .. uuiiii e 81
7.3 1070 01 2= T SN P 82
7.4 Other condUCtOrs @nd MOPES .. euiii i e
7.5 TeNSIONING AEVICES ..vevveeeeeeeeeee e e D.Q.C.uments

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

IEC 60913:2024 © |IEC 2024 -5-

7.6 Mechanical MIdPOINES.. ... e 83
7.6.1 LT o= = | P 83
7.6.2 Catenary wire fixed points .. ... 83
7.6.3 Contact wire fixed POINtS. ..o 83

7.7 [ 0] o oY= . 83
7.7.1 Mechanical reqUIr€mMeENntS .. ..o 83
7.7.2 Electrical requirements .. ... 84

7.8 Clamps and line fitlings......coooiiii 84
7.8.1 Mechanical reqUIr€mMeENntS .. ..o 84
7.8.2 Electrical requirements .. ... 84

7.9 EleCtriCal CONMECIONS . . .. e 85

T A0 INSUIAEO S e e 85
7.10.1 General reqQUITEMENTS ... .. e e 85
7.10.2 Mechanical reqUIr€mMeENntS ... ..o 85
7.10.3 INSUlAtOr SUMACE .. e 86

711 SeCHONING GEVICES .. it e e e 86
7111 D e it ON e 86
7.11.2 Mechanical reqUIr€mMeENntS .. ..o 86
7.11.3 Electrical requirements .. ... 86

7.12  Disconnectors and AriVES ........iuiiii e e 86

713 ProteCtion AEVICES ...ouieiiii e 87
7.13.1 Covers and obStacles ... 87
7.13.2 Surge protection and voltage limiting devices ..........ccooviiiiiiiii, 87

7.14  Specific components for trolleybus systems ..o 87
7.14.1 GBNEIAL . 87
7.14.2 TUrNOULS @Nd CrOSSINGS .uiviiiiiiiiiii et e e e e e e 88

7.15 Automatic earthing and short-circuiting equipment ... 88

4% NS B 1Y, o T a Y o] o g o e 1=V (o7 = 3P 88

G T I = =3 {1 o P 89

8.1 Testing of components and assemblies — General .............ccoooviiiiiiiiieee, 89

8.2 SUPPOIrt @SSEMDIIES ..o 89
8.2.1 4 < L= (== S 89
8.2.2 SaAMPIING 1St 98
8.2.3 ROULING 188t e 100

8.3 L0701 2= T SN Y P 100

8.4 Other CoONAUCTONS ... e 100

8.5 TENSIONING AEVICES ..iuiiiiiei et e et e e e ans 100
8.5.1 TeStS FEQUITEA ..o e 100
8.5.2 Type tests for tensioning devices with balance weights................................ 101
8.5.3 Type tests for tensioning device without balance weight ....................c... 102

8.6 Mechanical MidpoOintS. .. ... e 102

8.7 0] o 0 o 1= S 102
8.7.1 TeStS FEQUITEA ..o e 102
8.7.2 Mechanical fatigue test........c.oiiii 102
8.7.3 Mechanical teStS .. o i 105

8.8 Clamps, splices and other fittings........cooiiii i, 105

8.9 EleCtrical CONNECIONS .. .. e 105
8.9.1 LY o =T = | 105
8.9.2 Mechanical fatigue tESES .......oveoveeeeeeeee oo ) Documents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

-6 - IEC 60913:2024 © IEC 2024

810 INSUIBEOIS e e 106
8.11  SeCHiONING DEVICES ...ttt 107
8.11.1 T YD S i 107
8.11.2 Field £t e 108
8.11.3 SaAMPIING 1ESES et 108
8.11.4 ROULINE 1SS i e 108
8.12  Disconnectors and AriVES ........ieii e 108
8.13 Surge protection and voltage limiting devices..........ccccooiiiiiiiiiiii e, 108
8.14  Specific components for trolleybus systems .........ccccoiiiiiiiiiii 108
810 SYStEmM et i 109
8.15.1 Demonstration of conformity ...........coooiiiiiii i 109
8.15.2 AcCepPtanCe teStS ..o 109
8.15.3 ComMmMISSIONING LSS .. . it 110
9 Minimum doCUMENTAtION . ... 110
9.1 L= a1 - Y USSP 110
9.2 System specCification ... ... 110
9.3 = T T o [ o | o RS 110
9.4 INStallation dESigN e e 110
9.5 Installation and maintenancCe. ... .. ..o 111
Annex A (informative) Structural details ..........cooiiiiiiii i 112
Annex B (informative) Information on wind load calculation..................c.coiiiiiiinn e 113
B.1 Peak velocity pressure calculation ... 113
B.2 Drag factors Cgpp.....ooooeeeeiieeiiiieiee e 114
Annex C (informative) Recommendations for ultimate limit state (ULS) design................... 115
C.1 LT =Y o = T 115
C.2 Material partial factors for structural calculations ..............coooiiiiiiii i, 115
C.3 Design limits for pre-stresses concrete poles ... 115
C4 Partial factors for foundations ..o 116
Annex D (informative) Geotechnical soil investigation and soil characteristics ................... 117
Annex E (informative) Overhead contact line for electric vehicles with pantographs on
(=] =Toa 1 =Y I o Y- Vo -SSP 119
E.1 General OCL properties and road characteristics ............oooviiiiiiiiiee 119
E.2 Electrical properties of the OCL .......cooiiniiiii e 119
E.3 Capacity and service life of the OCL system ........cooooiiiiiii 120
E.4 (O 1 O] I o] o] o 11 o £ 1= 120
E.4.1 OCL mechanical properties, horizontal and vertical dimensions................... 120
E.4.2 Design of begin and end of OCLS ... 122
E.4.3 Uplift and dynamic properties of the OCL.........cooeiiiiiiiii e 123
E.5 L0 0 = o A o] o7 == T 123
E.6 ERS clearance reqUir€mMentS ... ..o 124
E.6.1 LY o =T = | 124
E.6.2 Contact WIre ClamPs .....ieiii e 126
E.6.3 Miscellaneous structure gauges and clearance requirements....................... 126
E.6.4 Structure gauge width — Lateral clearance requirements.............................. 127
E.6.5 Clearance under bridges or height-limiting structures ...............cc.cooviiiinnn. 127
Annex F (informative) Information on uniformity of elasticity of OCL within a span
=Y o Vo | o PP 128
Annex G (informative) Seismic actions for OCS poles on viaducts ......................... Docwﬁqents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

IEC 60913:2024 © |IEC 2024 -7-

Annex H (normative) Special national conditions............ccooiiiiiiiiii 130
BB OGr AP Y . e 133
Figure 1 — Scope of contact [ine SYStemMS ......couiiiii e, 11
Figure 2 — Static electrical clearance in air between live parts of an insulator and

[T (=T I =Y o LU T o] .4 T=Y o PN 35
Figure 3 — Relationship between contact wire heights and pantograph operating

910 =7 11 T 1P 49
Figure 4 — Position of return wire in relation to right-of-way............cccooiiiiii i, 52
Figure 5 — Wind action on lattice steel structures ... 63
Figure 6 — Definition of drag factors for double channel pole..........c...cooiiiiiiii, 64
Figure 7 — Description of dimensions and minimum conductor lengths ..................ccoo. 96
Figure 8 — Potential measuring points ... 97
Figure 9 — Potential measuring points at a T-type infeed terminal ..................coooiiiiinis 98
Figure 10 — Example of a tensioning device measurement test ... 101
Figure 11 — Examples of a dropper test CyCle . ..o 104
Figure 12 — Example of a dropper tension test assembly ............coooiiiiiiiiiiiiiiii 105
Figure 13 — Example of a test cycle for an electrical connection................cooooiiiiiiinnn . 106
Figure E.1 — Overlap span (plan view, exemplary design for anchoring, representation

without electrical CONNECTIONS) ....ouiii e 122
Figure E.2 — Defined points along the OCL (side view, idealized)...........cccooiviiiiiiiiininenn. 122
Figure E.3 — ClearanCe gauge OVEIVIEW ... ..c.uiuueiiiii i eeiee et e e e e e e e et e e et e e e e eneens 124
Figure E.4 — Clearance gauge detail ..........oooiiiiiiiiii e 125
Figure G.1 — Simulation method for evaluation for the safety of poles against

CAN N QUAKES ... 129
Table 1 — Temperature limits for material mechanical properties...........ccoooveiiiiiiiiiiicneen. 32
Table 2 — Typical electrical ClearanCes...........oiiiii i 34
Table 3 — Typical clearances between adjacent live AC contact line systems of

differing VOItage PRasSe . ... e 36
Table 4 — Contact fOrce Mt ... e 39
Table 5 — Factor Ktemp fOr CONtACt WIrES ..vuiiii e 40
Table 6 — Factor Kyyjng for contact wires................... 41
Table 7 — Factor Kjgg for contact wires ... 41
Table 8 — Factor Kgmp for stranded conductors...............cooo 43
Table 9 — Factor Kyyjng for stranded conductors .................... 43
Table 10 — Factor Kjgg for stranded conductors ..., 43
Table 11 — Factor K g4jys for ropes of non-conducting materials ...................................... 45
Table 12 — Recommended maximum contact wire gradients for flexible contact lines............ 47
Table 13 — Important parameters to assist in the definition of tolerances and limits............... 54
Table 14 — Parameters for wind load calculation ...........c.ooiiiiiiiiii e 61
Table 15 — Load cases to be considered for each type of structures ............cocooiiiiiiinn. 69
Table 16 — Partial factors for actions to be considered ... DOCU‘IZﬁents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

-8 - IEC 60913:2024 © IEC 2024

Table 17 — Tightening torques M; for regularly used bolts ..., 90
Table 18 — Examples of bolt CONNECHioONS ... 91
Table 19 — Assignment of the strength of bolt and nut................coi 91
Table 20 — Conversion factor for tightening torques ..., 92
Table 21 — Minimum conductor 1engths ... 96
Table A.1 — Recommended dimensions of connections and edge distances of jointing
(o201 4] oo o =Y o) €= 00N 112
Table B.1 — Recommended values for gust response factor Gq ........................................... 113
Table B.2 — Recommended values for terrain factor Gy ..........c..oooooooiiii, 113
Table B.3 — Recommended values for factor Cgy, for different pole types........................... 114
Table C.1 — Recommended values for partial factors y), for steel structures ...................... 115
Table C.2 — Recommended values for partial factors y)\, for concrete structures ................. 115
Table C.3 — Recommended values for partial factors y), for foundations............................ 116
Table D.1 — Geotechnical characteristic parameters of some standard soils according

t0 EN 50341-1:2012, Table M. 2 ..o e e e e et 118
Table E.1 — Standard contact wire specifications .............ccooeiiiiiiii 120
Table E.2 — Contact wire vertical position parameters, all values measured

perpendicular to the idealized top of the road surface ... 121
Table E.3 — Contact wire horizontal position parameters ... 121
Table E.4 — Defined points along the OCL (Side VIEW).......cceuiiiiiniiiiiiiiieceeeeee e, 123
Table E.5 — Contact forces pantograph — OCL ..o, 123
Table E.6 — Clearance gauge overview descCription .........coiviiiiiiiii e 125
Table E.7 — Pantograph clearance definitions ... 126
Table F.1 — Uniformity u of elastiCity ........cccoiiiii e, 128
Table H.1 — Typical tolerances of overhead contact line system.............coccooiiiiiiiiinnns 130

Documents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

IEC 60913:2024 © |IEC 2024 -9-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRIC TRACTION OVERHEAD CONTACT LINE SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 60913 has been prepared by IEC technical committee 9: Electrical equipment and systems
for railways. It is an International Standard.

This third edition cancels and replaces the second edition published in 2013. This edition
constitutes a technical revision.

The European standard EN 50119 has served as a basis for the elaboration of this document.

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

a) title modified;

b) requirements for urban rail systems are included;

c) requirements for rigid overhead contact line (ROCL) are included;

d) additional definitions for new terms are included (Clause 3); Documents
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e) clearances and geometry of overhead contact line are improved (Clause 5);
f) urban aspects are added, for example wall anchors (Clause 6);

g) requirements for monitoring devices, automatic earthing and short-circuiting equipment are
included (Clause 7);

h) requirements for overhead contact line for electric vehicles with pantograph on electrified
roads are added (Annex E)

i) improvements on the basis of EN 50119:2020 and the questionnaire 9/2619A/Q

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

Draft Report on voting

9/3031/FDIS 9/3052/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The reader's attention is drawn to the fact that Annex H lists all of the "in-some-country" clauses
on differing practices of a less permanent nature relating to the subject of this document.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRIC TRACTION OVERHEAD CONTACT LINE SYSTEMS

1 Scope

This document specifies the requirements and tests for the design of overhead contact line
systems, requirements for structures and their structural calculations and verifications as well
as the requirements and tests for the design of assemblies and individual parts.

This document is applicable to electric traction overhead contact line systems in heavy railways,
light railways, for trolley bus lines, electric road systems (Annex E) and industrial railways of
public and private operators. This document is applicable to new installations of overhead
contact line systems and for the complete renewal of existing overhead contact line systems.

This document does not apply to ground level conductor rail systems (see Figure 1).

NOTE Ground level conductor rail means conductor rails located adjacent to the running rail, e.g. the third rail or a
conductor rail in the ground.

( 3.1.1.3 Overhead contact line system (OCLS) w

3.1.1.5 Flexible overhead contact line 3.1.1.6 Rigid overhead
(FOCL) contact line (ROCL)

Ground level conductor
rail system
(outside IEC 60913 scope)

L 3.1.1.7 Conductor rail

Figure 1 — Scope of contact line systems

IEC

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60099-4, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 60168, Tests on indoor and outdoor post insulators of ceramic material or glass for systems
with nominal voltages greater than 1 000 V

IEC 60273, Characteristics of indoor and outdoor post insulators for systems with nominal
voltages greater than 1 000 V

IEC 60305, Insulators for overhead lines with a nominal voltage above 1 000 V — Ceramic or
glass insulator units for AC systems — Characteristics of insulator units of the cap and pin type

IEC 60383 (all parts), Insulators for overhead lines with nominal voltage above 1 000 V
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IEC 60433, Insulators for overhead lines with a nominal voltage above 1 000V — Ceramic
insulators for AC systems — Characteristics of insulator units of the long rod type

IEC 60494-1, Railway applications — Rolling stock — Pantographs — Characteristics and tests —
Part 1: Pantographs for main line vehicles

IEC 60494-2, Railway applications — Rolling stock — Pantographs — Characteristics and tests —
Part 2: Pantographs for metros and light rail vehicles

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

IEC 60660, Insulators — Tests on indoor post insulators of organic material for systems with
nominal voltages greater than 1 000 V up to but not including 300 kV

IEC 60672-1, Ceramic and glass insulating materials — Part 1: Definitions and classification
IEC 60672-2, Ceramic and glass insulating materials — Part 2: Methods of test

IEC 60672-3, Ceramic and glass-insulating materials — Part 3: Specifications for individual
materials

IEC 60850, Railway applications — Supply voltages of traction systems
IEC 60947-1, Low-voltage switchgear and controlgear — Part 1: General rules
IEC 61089, Round wire concentric lay overhead electrical stranded conductors

IEC TS 61245, Artificial pollution tests on high-voltage ceramic and glass insulators to be used
on d.c. systems

IEC 61325, Insulators for overhead lines with a nominal voltage above 1 000 V — Ceramic or
glass insulator units for d.c. systems — Definitions, test methods and acceptance criteria

IEC 61284:1997, Overhead lines — Requirements and tests for fittings
IEC 61773, Overhead lines — Testing of foundations for structures
IEC 61992-1, Railway applications — Fixed installations — DC switchgear — Part 1: General

IEC 61992-4, Railway applications — Fixed installations — DC switchgear — Part 4: Outdoor d.c.
disconnectors, switch-disconnectors and earthing switches

IEC 62128 (all parts), Railway applications — Fixed installations — Electrical safety, earthing and
the return circuit

IEC 62236-2, Railway applications — Electromagnetic compatibility — Part 2: Emission of the
whole railway system to the outside world

IEC 62313, Railway applications — Power supply and rolling stock — Technical criteria for the
coordination between power supply (substation) and rolling stock

IEC 62486:2017, Railway applications — Current collection systems — Technical criteria for the
interaction between pantograph and overhead contact line (to achieve free access)
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IEC 62497-1:2010, Railway applications — Insulation coordination — Part 1: Basic requirements
— Clearances and creepage distances for all electrical and electronic equipment
IEC 62497-1:2010/AMD1:2013

IEC 62497-2, Railway applications — Insulation coordination — Part 2: Overvoltages and related
protection

IEC 62498-2:2010, Railway applications — Environmental conditions for equipment — Part 2:
Fixed electrical installations

IEC 62505-2, Railway applications — Fixed installations — Particular requirements for AC
switchgear — Part 2: Disconnectors, earthing switches and switches with nominal voltage above
1 kV

IEC 62621, Railway applications — Fixed installations — Electric traction — Special requirements
for composite insulators used for overhead contact line systems

IEC 62641: 2022, Conductors for overhead lines — Aluminium and aluminium alloy wires for
concentric lay stranded conductors

IEC 62724, Railway applications — Fixed installations — Electric traction — Insulating synthetic
rope assemblies for support of overhead contact lines

IEC 62846:2016, Railway applications — Current collection systems — Requirements for and
validation of measurements of the dynamic interaction between pantograph and overhead
contact line

IEC 62848 (all parts), Railway applications — DC surge arresters and voltage limiting devices

IEC 62917, Railway applications — Fixed installations — Electric traction — Copper and copper
alloy grooved contact wires

IEC 63190, Railway applications — Fixed installations — Electric traction — Copper and copper
alloy catenary wires for overhead contact line systems

IEC 63248: 2022, Conductors for overhead lines — Coated or cladded metallic wire for
concentric lay stranded conductors

IEC 63438, Railway applications — Fixed installations — Protection principles for AC and DC
electric traction power supply systems1

IEC 63453, Railway applications — Current collection systems — Validation of simulation of the
dynamic interaction between pantograph and overhead contact line2

ISO 630 (all parts), Structural steels

ISO 898-1:2013, Mechanical properties of fasteners made of carbon steel and alloy steel —
Part 1: Bolts, screws and studs with specified property classes — Coarse thread and fine pitch
thread

1 Under preparation. Stage at the time of publication: IEC/AFDIS 63438:2023.

2 Under preparation. Stage at the time of publication: IEC/CCDV 63453:2023. Documents
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ISO 898-2:2012, Mechanical properties of fasteners made of carbon steel and alloy steel —
Part 2: Nuts with specified property classes — Coarse thread and fine pitch thread

ISO 1461:2022, Hot dip galvanized coatings on fabricated iron and steel articles —
Specifications and test methods

ISO 2394, General principles on reliability for structures

ISO 2859 (all parts), Sampling procedures for inspection by attributes
ISO 4354, Wind actions on structures

ISO 10721 (all parts), Steel structures

ISO 14713 (all parts), Zinc coatings — Guidelines and recommendations for the protection
against corrosion of iron and steel in structures

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definition

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

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

e |EC Electropedia: available at https://www.electropedia.org/
e |SO Online browsing platform: available at https://www.iso.org/obp

3.1.1 Systems

3.1.1.1

contact line system

support system and contact line supplying electric energy to vehicles through current-collecting
equipment

Note 1 to entry: The mechanical system can comprise

— the contact line,

— structures and foundations,

— supports and any components supporting or registering the conductors,
— head spans and cross-spans,

— along-track feeders, negative feeders, reinforcing feeders, and other lines like earth wires and return conductors,
including boosters, as far as they are supported from contact line system structures,

— cross-track feeders,
— overvoltage protection devices,

— conductors connected permanently to the contact line for supply of other electrical equipment such as lights,
signal operation, point control and point heating, and

— any other equipment necessary for operating the contact line.

Note 2 to entry: The electrical limits of the contact line system are the feeding point and the contact point to the
current collector.

[SOURCE: IEC 60050-811:2017, 811-33-59, modified — Note 1 to entry has been modified and
Note 2 to entry has been added.]
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3.1.1.2

contact line

conductor system for supplying traction units with electrical energy via current-collecting
equipment

Note 1 to entry: This includes all current-collecting conductors and conducting rails or bars, including the following:
— electrical connectors

— sectioning devices;

— tensioning devices;

— supports that are not insulated from the conductors;

— insulators connected to live parts;

— contact wires;

— catenary wires;

— auxiliary catenary wires;

— stitch wires;

— droppers.

Note 2 to entry: Included are all components that affect the dynamic interaction.

[SOURCE: IEC 60050-811:2017, 811-33-01, modified — "Electric energy to vehicles through"
has been replaced with "traction units with electrical energy via". In the Note 1 to entry "cross-
track feeders; disconnectors; section insulators; overvoltage protection devices" have been
removed and "electrical connectors, sectioning devices, tensioning devices, contact wires,
catenary wires" have been added. The end of the Note 1 to entry has been removed. The Note
2 to entry has been added.]

3.1.1.3
overhead contact line system
contact line system using an overhead contact line to supply current for use by traction units

3.1.1.4

overhead contact line

OCL

contact line placed above or beside the upper limit of the vehicle gauge, supplying traction units
with electrical energy through roof-mounted current collection equipment

Note 1 to entry: The overhead contact line can be of a flexible or rigid configuration.

[SOURCE: IEC 60050-811:2017, 811-33-02, modified — "Catenary" has been removed as
synonym and replaced with the abbeviated term OCLS. In the definition, "electric" has been
replaced with "electrical". The Note 1 to entry has been added.]

3.1.1.5

flexible overhead contact line

FOCL

overhead contact line using flexible tensioned conductors

Note 1 to entry: The flexible overhead contact line can be an overhead contact line with catenary suspension
(IEC 60050-811:2017, 811-33-05) or a single tramway equipment (IEC 60050-811:2017, 811-33-03).

3.1.1.6

rigid overhead contact line

ROCL

overhead contact line using almost rigid not tensioned profiles

Note 1 to entry: In this document, rigid overhead contact line is used to define conductor rail (3.1.1.7) mounted in
an overhead position.
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3.1.1.7

conductor rail

rigid metallic conductor mounted on insulators intended to interface with a vehicle mounted
current collector

Note 1 to entry: The conductor rail can be of composite construction.

[SOURCE: IEC 60050-811:2017, 811-34-01, modified — Note 1 to entry has been removed.]

3.1.1.8

inclined overhead contact line

<system> overhead contact line in which one or more contact wires are suspended from the
catenary wire by inclined droppers so the catenary wire and contact wire are not in a vertical
plane in absence of a wind load

[SOURCE: IEC 60050-811:2017, 811-33-13, modified — In the term, the word "catenary" has
been replaced with "overhead contact line" and the synonyms have been removed. The specific
use has been added. The words "that the contact wire or wires follow a path corresponding
approximately to the centre line of the track™ have been replaced with "the catenary wire and
contact wire are not in a vertical plane in absence of a wind load.]

3.1.1.9

supporting assembly

assembly of components attached to the main support structure that supports and registers the
overhead contact line

3.1.1.10

kinematic reference profile

line specific to each gauge, representing the cross-section shape and used as a common basis
to work out the sizing rules of the infrastructure and of the rolling stock

3.1.1.11

static reference profile

kinematic reference profile without the dynamic uplift of the suspension and the vertical
oscillations of the vehicles during operation

Note 1 to entry: See EN 15273-1 and EN 15273-3.

3.1.1.12

vertical superelevation

margin added to the reference profile to take into consideration the interconnection of two track
gradient by vertical curves of radius

Note 1 to entry: See EN 15273-3.

3.1.1.13
tensioning device
device to maintain the tension of conductors within the system design parameters

[SOURCE: IEC 60050-811:2017, 811-33-45, modified — The preferred term "tensioner" has
been removed.]

3.1.1.14

urban rail system

light rail (for example tramway, subways or suburban trains) and trolleybus system, operating
in urban areas, excluding heavy rail systems

Documents

Document Sharing Hub

Full document details: IEC 60913-2024


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

IEC 60913:2024 © |IEC 2024 -17 -

3.1.1.15
sectioning device
device used to divide the contact line into different sections or circuits

Note 1 to entry: Sectioning devices includes section insulators and neutral sections.

3.1.1.16

section insulator

sectioning point formed by insulators inserted in a continuous run of a contact line, with skids
or similar devices to maintain continuous electrical contact with the current collector

[SOURCE: IEC 60050-811:2017, 811-36-15]

3.1.1.17

neutral section

section of a contact line provided with a sectioning point at each end to prevent successive
electrical sections differing in voltage, phase or frequency from being connected together by
the passage of current collectors

[SOURCE: IEC 60050-811:2017, 811-36-16, modified — The word "from" has been added for
better understanding.]

3.1.1.18

disconnector

switching device which provides, in the open position, a visible isolating distance in accordance
with specified requirements

Note 1 to entry: A disconnector can be a load or non-load breaking device.

Note 2 to entry: Switch-disconnectors and earthing switches are forms of disconnectors.

[SOURCE: IEC 60050-441:1984, 441-14-05, modified — Words "a mechanical" have been
removed; "visible" has been added. The note 1 to entry has been modified. The notes 2 to entry
has been added.]

3.1.1.19

span length

horizontal distance between the attachment points of the conductor on two consecutive
supports

[SOURCE: IEC 60050-466:1990, 466-03-02]

3.1.1.20

midpoint

point in a tension length of the overhead contact line where the conductors are fixed in position
to control the along track movement

3.1.1.21

system height

vertical distance between the main catenary wire and the contact wire measured at a support
point

[SOURCE: IEC 60050-811:2017, 811-33-52]
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3.1.2 Conductors

3.1.21

along-track feeder

overhead conductor mounted on the same structure as the overhead contact line to supply
successive feeding points

Note 1 to entry: Along-track feeder is a generic term for all feeders mounted to OCL structures.

[SOURCE: IEC 60050-811:2017, 811-36-24, modified — Note 1 to entry has been added.]

3.1.2.2

catenary wire

messenger wire

longitudinal conductor supporting the contact wire or wires either directly or indirectly

Note 1 to entry: The term "messenger wire" is used in some countries instead of "catenary wire".

[SOURCE: IEC 60050-811:2017, 811-33-06, modified — "Cable" has been replaced by
"conductor". — The Note 1 to entry has been added.]

3.1.2.3

contact wire

electric conductor of an overhead contact line with which the current collector makes contact
and is characterized by two clamping grooves

[SOURCE: IEC 60050-811:2017, 811-33-15, modified — The second term "trolley wire" has been
deleted and the words "and is characterized by two clamping grooves" have been added.]

3.1.2.4

reinforcing feeder

overhead conductor mounted adjacent to the overhead contact line, and directly connected to
it at frequent intervals

Note 1 to entry: The reinforcing feeder increases the effective cross-sectional area of the overhead contact line.

[SOURCE: IEC 60050-811:2017, 811-33-60]

3.1.2.5

line feeder

overhead conductor mounted parallel to, or in parallel with, the contact line either to supply
successive feeding points or to increase the useful cross-sectional area

Note 1 to entry: Line feeder is not connected directly to the OCL. It can be a parallel feeding line from the substation
or a bypass line to transfer energy over locations where OCL of a single-track line or of a station has to be switched
off regularly to supply electric trains behind this location.

[SOURCE: IEC 60050-811:2017, 811-36-09, modified — Note 1 to entry has been added.]

3.1.2.6

negative feeder

overhead conductor mounted parallel to the contact line which has opposite (180° different)
phase voltage to the contact line phase used in autotransformer system
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3.1.2.7

jumper

short length of conductor(s) not under mechanical tension, making an electrical connection
between two or more conductors or other electrical equipment

[SOURCE: IEC 60050-466:1990, 466-10-26, modified — "Conductor" has been replaced by
"conductor(s)", "separate sections of an overhead line" has been replaced with "or more
conductors or other electrical equipment”.]

3.1.3 Return circuit

3.1.3.1

extended return circuit

part of the traction power supply circuit which leads the current back from the loads, such as
vehicles or other equipment, to the source

Note 1 to entry: If contact is made between a live part and the return circuit, the circuit breaker should trip.

Note 2 to entry: The conductors can be
— running rails,

— return conductor rails,

— return conductors,

— return cables, or

— booster transformer return conductor.

3.1.3.2

return circuit

subset of the extended return circuit where the direct contact is permissible during both
operational and fault conditions

Note 1 to entry: The earthed phase of a three-phase AC traction power supply system can be considered as a return
circuit.

[SOURCE: IEC 60050-811:2017, 811-35-01, modified - Definition and Note 1 to entry have
been completely changed.]

3.1.3.3

track return system

system in which the running rails of the track form a part of the return circuit for the traction
current

[SOURCE: IEC 60050-811:2017, 811-35-02]

3.1.3.4

return conductor

conductor paralleling the track return system and connected to the running rails at periodic
intervals

[SOURCE: IEC 60050-811:2017, 811-35-13]

3.1.3.5
return conductor rail
conductor rail used instead of the running rails for the traction return currents

[SOURCE: IEC 60050-811:2017, 811-34-10]
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3.1.3.6

booster transformer return conductor

set of return conductors insulated from earth and necessary for the functionality of a booster
transformer system

3.1.3.7
return cable
conductor connecting the running rails or other parts of the return circuit to the substation

[SOURCE: IEC 60050-811:2017, 811-35-04, modified — "return current rail" has been replaced
with "other parts of the return circuit".]

3.1.3.8

traction return current

sum of the currents returning to the supply source, the substation or regenerative braking
vehicles

Note 1 to entry: The traction return current can also include load fed from the traction systems, for example point
heating, auxiliary supplies.

3.1.4 Electrical

3.1.41

nominal voltage

<of an electrical installation> value of the voltage by which the electrical installation or part of
the electrical installation is designated and identified

Note 1 to entry: The voltage of the contact line may differ from the nominal voltage by a quantity within permitted
tolerances given in IEC 60850.

[SOURCE: IEC 60050-826:2022, 826-11-01, modified — Note 1 to entry has been added.]

3.1.4.2

feeding section

electrical section of the route fed by individual track feeder circuit breakers within the area
supplied by the substation

[SOURCE: IEC 60050-811:2017, 811-36-25, modified — The words "one or more substations"
have been replaced with "the substation".]

3.1.43
functional-equipotential-bonding
equipotential bonding for operational reasons other than safety

[SOURCE: IEC 60050-195:2021, 195-01-16, modified — The word "operational" has been
added, and the word "electrical" deleted.]

3.1.4.4

short-circuit

accidental or intentional conductive path between two or more conductive parts forcing the
electric potential differences between these conductive parts to be equal to or close to zero

[SOURCE: IEC 60050-151:2001, 151-12-04]

3.1.4.5

rated current-carrying capacity

permanent maximum value of electric current which can be carried continuously by the
overhead contact line within the system operating parameters
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3.1.4.6
feeding point
point at which the feeding system is connected to the contact line

[SOURCE: IEC 60050-811:2017, 811-36-26]

3.1.4.7

electrical clearance

<of a contact line> minimum distance in air permitted between fixed structures and parts
energized at contact line voltage

Note 1 to entry: The distance in air is used to provide functional insulation or basic insulation.

[SOURCE: IEC 60050-811:2017, 811-09-05, modified — In the specific use, "a contact line" has
been replaced with "an electrical installation".]

3.1.4.8

electrification clearance gauge

contour which contains the various live parts of an overhead contact line, allowance being made
for static electrical clearances, and from which all other fixed objects must be kept clear

[SOURCE: IEC 60050-811:2017, 811-09-04]

3.1.4.9

pantograph clearance gauge

contour beyond which must be placed any fixed structure above vehicle roof level, to allow any
pantograph in use to pass safely, making allowance for lateral displacement of the pantograph
and for passing electrical clearances

[SOURCE: IEC 60050-811:2017, 811-09-03]

3.1.5 Geometrical

3.1.5.1
tension length
length of overhead contact line between two terminating points

[SOURCE: IEC 60050-811:2017, 811-33-61]

3.1.5.2

gradient

<of the overhead contact line> ratio of the difference in height of the overhead contact line
above top of rail (or road surface for overhead contact line system for trolleybus applications)
at two successive supports to the length of the span

3.1.5.3

contact wire height

distance from the top of the rail level or road surface for trolleybus to the lower face of the
contact wire

Note 1 to entry: The contact wire height is measured perpendicular to the track or road surface.

[SOURCE: IEC 60050-811:2017, 811-33-62]
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3.1.54

minimum contact wire height

minimum possible contact wire height in the span in order to avoid flashover or contact between
one or more contact wires and the vehicles in all conditions

[SOURCE: IEC 60050-811:2017, 811-33-64, modified — The definition has been completely
modified in order to provide greater clarity about functional aspects.]

3.1.5.5

minimum design contact wire height

theoretical contact wire height including tolerances, designed to ensure that the minimum
contact wire height is always respected

3.1.5.6

nominal contact wire height

nominal value of the contact wire height above rail (or road surface for overhead contact line
system for trolleybus applications) at a support in the normal conditions

Note 1 to entry: The nominal contact wire height is used preferentially when there is no constraint on the contact
wire height, and is the height to which it returns after being adjusted to accommodate a constraint (e.g. level crossing
or overbridge, etc).

Note 2 to entry: For normal conditions, refer to 6.2.7.

[SOURCE: IEC 60050-811:2017, 811-33-63, modified — The words "above rail level" have been
replaced with "above rail (or road surface for overhead contact line system for trolleybus
applications)". Notes 1 and 2 to entry have been added.]

3.1.5.7

maximum contact wire height

maximum possible contact wire height above rail (or road surface for overhead contact line
system for trolleybus applications) which the pantograph is required to reach, in all conditions

[SOURCE: IEC 60050-811:2017, 811-33-65, modified — The definition has been completely
modified in order to provide greater clarity about functional aspects.]

3.1.5.8

maximum design contact wire height

theoretical contact wire height taking account of tolerances, movements, etc., designed to
ensure the maximum contact wire height is not exceeded

3.1.5.9
contact wire uplift
vertical upward displacement of the contact wire due to the force produced from the pantograph

3.1.5.10
stagger
lateral displacement of the contact wire to opposite sides of the track centre at successive
supports

Note 1 to entry: Stagger avoids localized wear of the pantograph contact strips.

[SOURCE: IEC 60050-811:2017, 811-33-21]
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3.1.5.11
dewirement
movement of the contact wire laterally beyond the ends of the pantograph head

Note 1 to entry: There are different causes of dewirement, including vandalism and wind-blown objects on the
overhead equipment. Moreover, dewirement is not the only cause of pantograph head and overhead contact line
incidents. Other phenomena can lead to incidents, without exceeding dewirement limits.

Note 2 to entry: Under worst conditions, contact inside the limits of dewirement can occur without damages with
catastrophic consequences. In these cases, the contact point can be located outside the working range of pantograph
head with arcing and current interruption without causing dewirement.

3.1.5.12

point of incipient dewirement

point on the pantograph head where, due to uplift force and pantograph shape, a dewirement
is inevitable if the contact wire reaches this point

Note 1 to entry: The point of dewirement is determined by the point where the gradient of the profile exceeds for
example 40° in CEN/CENELEC countries. Until this point and with this gradient, experience indicates that the contact
wire is able to return successfully into the working zone.

3.1.6 Structures

3.1.6.1

drag factor

aerodynamic drag factor

force coefficient

factor used to consider the shape of an object exposed to wind, the wind pressure being
multiplied by this factor to determine the wind action

3.1.6.2

partial factor

factor to multiply characteristic loads to calculate design loads on the load side (load partial
factor) of the equation for verifying adequate strength of components, or to divide the
characteristic strength on the material side (material partial factor)

Note 1 to entry: The partial factors should replace the safety factors applied in design approaches used before.

Note 2 to entry: The partial factor for an action is a factor, taking into account the possibility of unfavorable
deviations from the characteristic value of actions, inaccurate modeling and uncertainties in the assessment of the
effects of actions.

Note 3 to entry: The partial factor for a material property is a factor covering unfavorable deviations from the
characteristic value of material properties, inaccuracies in applied conversion factors and uncertainties in the
geometric properties and the resistance model.

3.1.6.3

lattice structure

structure formed from a regular arrangement of connected joints and has a solidity ratio of 0,6
or less

Note 1 to entry: The solidity ratio is the ratio of total area of all individual members to envelope area.

3.1.6.4
superstructure
upward extension of an existing structure above ground level

Note 1 to entry: The term "superstructure" is applied to various kinds of physical structures, such as OCL poles,
retaining walls and bridges.

3.1.6.5
midpoint anchor structure
structure at the midpoint of tension length of the overhead contact line fulfilling the function of

a midpoint anchor Documents
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3.1.7 Foundations

3.1.71

gravity foundation

form of spread foundation formed by rectangular, square, or sometimes circular concrete "pads"
that support localized single-point loads such as overhead contact line structures

Note 1 to entry: Gravity foundations are usually shallow foundations installed by excavation and backfilling.

3.1.7.2
pile foundation
long slender foundation installed without excavation

Note 1 to entry: The cross-section can be circular or non-circular and it is installed by boring, vibrating and/or
hammering.

Note 2 to entry: The foundation is flexible enough to show both rotation and deformations in the pile element itself
subjected to horizontal loading or overturning moments.

[SOURCE: IEC 60050-466:1990, 466-09-16, modified — Notes 1 and 2 to entry have been
added.]

3.1.7.3

side bearing foundation

foundation normally consisting of a single block of concrete, into which the pole of an overhead
contact line system structure or anchor bolts are embedded

Note 1 to entry: The surface area of the foundation provides the resistive force to counteract the overturn moments
applied by the overhead contact line system.

3.1.8 Current collectors

3.1.8.1

current collector

equipment fitted to a vehicle and intended to collect current from a contact wire or conductor
rail

[SOURCE: IEC 60050-811:2017, 811-32-01]
3.1.8.2
pantograph

apparatus for collecting current from one or more contact wires, formed of a hinged device
designed to allow vertical movement of the pantograph head

[SOURCE: IEC 60050-811:2017, 811-32-02]

3.1.8.3

pantograph gauge

reference profile with its associated rules allowing verification that the pantograph head in a

raised position remains within the allotted space

[SOURCE: EN 15273-1:2017, 3.23.1]
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3.1.9 Current collection

3.1.9.1

static contact force

vertical force exerted upward by the collector head on the overhead contact line system at
standstill

[SOURCE: IEC 62486:2017, 3.19, modified — “pantograph head” has been replaced with
“collector head”. “, caused by the pantograph-raising device, whilst the pantograph is raised
and the vehicle is stationary” has been replaced with “system at standstill”.]

3.1.9.2
contact loss
condition where the contact force is zero

Note 1 to entry: Contact loss surely induces arcing except in the case of coasting. However, if two or more
pantographs are connected electrically each other, arc can disappear and then the condition will shift to current loss.

[SOURCE: IEC 62486:2017, 3.22, modified — In Note 1 to entry, "will immediately" was replaced
by "can".]

3.1.9.3
current loss
condition where current flowing through a pantograph is zero under the condition of contact loss

Note 1 to entry: When a train is equipped with two or more pantographs electrically connected by a bus cable,
necessary traction power can be supplied by other pantographs through the bus cable in case of contact loss.
Therefore, current loss condition will generally not affect driving of the train.

[SOURCE: IEC 62486:2017, 3.23]

3.1.9.4

arcing

flow of current through an air gap between a contact strip and a contact wire or in case of
contact force close to zero, usually indicated by the emission of intense light

[SOURCE: IEC 62486:2017, 3.1, modified — “or in case of contact force close to zero” added.]

3.1.10 Testing
3.1.10.1

sampling test
test on a sample

[SOURCE: IEC 60050-151:2001, 151-16-20]

3.1.10.2
type test
conformity test made on one or more items representative of the production

[SOURCE: IEC 60050-151:2001, 151-16-16]

3.1.10.3
routine test
conformity test made on each individual item during or after manufacture

[SOURCE: IEC 60050-151:2001, 151-16-17]
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3.1.11 Miscellaneous

3.1.11.1
regulation
document providing binding legislative rules, which is adopted by an authority

[SOURCE: IEC 60050-901:2013, 901-02-10]

3.2 Symbols

local orography coefficient/altitude

Ains projected area of an insulator

Ak characteristic value of accidental actions

Ajat effective area of the elements of a lattice structure

Agyy projected area of a structure

a length of conductor between specimen and centre of potential point; a = 154

amp amplitude

ap length of specimen

ay length of comparison conductor between centres of potential points; a, = 30d + a

b length of potential points; » < 2d

C compression amplitude for dropper test

Ce drag factor of a conductor

cs force coefficient

Cins drag factor for insulators

Clat drag factor for lattice structures

Cstr drag factor of a structure

D diameter of conductor

dant lateral deviation of contact wire position by vertical uplift at tracks with cant

dinst| tolerance of installation of lateral deviation of contact wire

dinsty tolerance of installation of vertical deviation of contact

dmess tolerance of measurement, measuring errors refer to horizontal position of contact
wire

dpole lateral deviation of contact wire position issued on change of pole deflection under
additional load due to wind speed for serviceability in nominal contact wire height
dsypp lateral deviation of contact wire position issued on movement of cantilever for
change wire temperature

diens lateral deviation of contact wire position issued on reduced tension force of wires
considering efficiency and tolerances of tension equipment, friction in cantilevers
and resetting forces (cantilever drag) due to movement of cantilever for change wire
temperature

e elasticity of the overhead contact line

Eqy total design value of actions

ECq static electrical clearance between live parts and earth

ECy dynamic electrical clearance between live parts and earth

Fgmin minimum breaking load of stranded conductors and ropes Documents
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Fy design value of an action

Fyg characteristic value of an action

FL internal force for dropper test

Fax maximum or failure force for test specimens

From nominal force

Foerm.op.  Permissible operating force

Fy, permissible tensile loading of stranded conductors and ropes

Ge structural response factor for conductors

Gins structural resonance factor for insulator sets

Gk characteristic value of permanent actions

Gat structural resonance factor for lattice structures

Gq gust response factor

Gsir structural resonance factor for a structure

G, terrain factor

g1k specific characteristic ice loads

Kilamp factor for termination fitting

Kot factor to the efficiency and accuracy of the tensioning device

Kice ice load factor

Kicewind ice and wind load factor

Kjoint load factor for the effects of joints

Kioad factor for vertical loads acting on the catenary wire

K adius minimum bending radius factor

KRP kinematic reference profile height

Kyear allowable wear factor

Kyind wind load factor

Ky constant factors used to determine permissible tensile stress

[ minimum length between specimen and clamping piece and between specimens as
per Table 20

Iy minimum length of comparison conductor as per Table 20

Lql Ly lengths of two adjacent spans

Mgy, My,, design bending moments

N safety factor for calculating the permissible loading in wires

Hgat number of catenary wires

Neont number of contact wires

Teat catenary wire tension, characteristic

Teont contact wire tension, characteristic

Pprim externally applied heat

Qck conductor tensile forces depending on the temperatures and climate relwwments
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characteristic ice load

characteristic value of variable actions

characteristic value of construction and maintenance loads
wind load

wind load on conductors

wind load on lattice structures

wind load on structures

wind load on insulators

peak velocity pressure

design bending resistances

characteristic value of the foundation ultimate resistance
0,2 % yield point

static reference profile height

degree of non-uniformity/variation in elasticity

nominal voltage

rated impulse voltage

wave propagation velocity of the contact wire
reference wind velocity

wind speed

design value of a material property
characteristic value of a material property

heat transmission coefficient
angle of incidence of the critical wind direction
partial factor for accidental loads

partial factor for conductor tensile forces

partial factor for permanent conductor tensile forces
partial factor for variable conductor tensile forces
partial factor for actions

partial factor for permanent actions

partial factor for ice loads

partial factor for a material property

partial factor for construction and maintenance loads
partial factor for wind loads

coefficient of friction for bolt connections

density of air
unit weight force of ice

minimum failing tensile stress of the contact wire

maximum permissible working tensile stress of a contact wire

Full document details: IEC 60913-2024
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2z sum of working tensile loads of contact wire(s)

m sum of linear masses of the contact wire(s)

2TocL total of all tolerance of the overhead contact line (IEC 62486)
Ahgry, vertical superelevation

3.3 Abbreviated terms
AC alternating current
AACSR aluminium alloy conductor steel reinforced

ACSR aluminium conductor steel reinforced
ADD automatic dropping device

DC direct current

EMC electromagnetic compatibility

EMI electromagnetic interference

ETA European technical assessment
FOCL flexible overhead contact line

OCL overhead contact line

OCLS overhead contact line system

ov overvoltage

RAMS reliability, availability, maintainability and safety

RMS root mean square
ROCL rigid overhead contact line
RTS rated tensile strength

4 Fundamental design data

4.1 General

The function of an overhead contact line system is not only to transmit energy from fixed
installations, like substations to the vehicle, but also from vehicles back to substations and
auxiliary consumers using regenerative braking. In order to fulfil this function, the principal
features of the contact line system shall be designed in accordance with the requirements set
out in Clause 4. In particular, the integration of the overhead contact line design with the
corresponding features of other interconnected systems, for example the power supply system
and the traction system, shall ensure compatibility with the interconnected systems.

The requirements for overhead contact lines shall also apply to poles that are erected in
connection with the overhead contact line system and used for line feeders.

The current collection system is a combination of overhead contact line and pantograph
equipment, and the quality of the current collection system depends on the characteristics of
both. Both sets of equipment shall be designed to appropriately fulfil their tasks. The design
shall take cognisance of the compatibility between each other.

The data listed in 4.2 to 4.7 are normally specified by the purchaser.

4.2 Line characteristics

The train service characteristics and operational requirements to be considered in the design
shall include:

— the speed and performance capability of the train or traction units powered from B?ﬁfﬂli‘ﬁents
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— the future performance capability to be anticipated and allowed for in the design, including
any allowances for over speeding and increasing of mechanical and electrical load,

— the type and frequency of electrically hauled trains,

— the line speed for all tracks,

— the track gradient profile and location of the route, including turnouts and transitions,
— the type of turnouts, and

— the track gauge.

4.3 Electrical power system design

The overhead contact line system design shall be compatible with the electrical characteristics
of the power supply system design, including the following:

— voltage range and frequency range and their limit values, in accordance with IEC 60850,
corresponding to the nominal system voltage;

— mean useful voltage at the pantograph for the zone and train in accordance with IEC 62313;

— short-circuit current details, in accordance with IEC 62313;

— short circuit duration, in accordance with the protection design documented in accordance
with IEC 63438; where the protection system employs backup protection, for example, as
the method of protection reliability, the protection operating time shall be that of the backup
protection;

— required current rating and the corresponding parameters (continuous, fault and short circuit
condition);

— required impedance limit values (AC) or resistance limit values (DC), for reasons such as
respecting voltage limitations and profile at pantographs, ensuring correct electrical
protection system performance, and respecting the effective touch voltage limit values to
comply with safety limits;

— proposed feeding system;

— proposed return system,;

— earthing and stray current protection in accordance with IEC 62128-1 and IEC 62128-2;
— requirements to mitigate EMI and facilitate EMC in accordance with IEC 62236-2;

— when relevant, requirements for overvoltage protection, in accordance with IEC 62497-2;
— insulation coordination in accordance with the IEC 62497 series.

For urban rail systems, the short-circuit current details are not required.

4.4 Vehicle characteristics

The overhead contact line system design shall provide clearances for all vehicle types to be
used on the line. In particular, the following shall be determined:

a) static and kinematic reference profile as well as any national or international requirements
for structural clearances;

b) number of pantographs in service, their spacing, and whether they are electrically linked or
independent.

4.5 Current collectors

The characteristics of the current collectors to be used on the line shall be determined. These
characteristics include:

a) current collector head width, length and profile as defined in IEC 60494-1 and IEC 60494-2;
b) number of contact strips, the type of material and the spacing;

c) static contact force of current collector, depending on its working height; Documents
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d) details of the lateral movement of the current collector head;

e) maximum load current of the collector head when the vehicle is at standstill;
f) mean contact force at maximum line speed;

g) working width of the current collector head;

h) working range and housed height;

i) controlled height positions for current collectors with height limiting device;
j) mathematical model of dynamic characteristics;

k) inclination of current collector head;

[) number, position on the train and separation of current collectors that may be used
simultaneously;

m) ADD, whether fitted, and its type (damaged carbons or overheight, or both).

For interoperable lines, the characteristics set out in IEC 62486 shall be used.

4.6 Environmental conditions

The overhead contact line system shall be designed according to the environmental
characteristics selected from the conditions and classes set out in IEC 62498-2.

4.7 Design life

The purchaser may state the required design life of the system. Consumable components such
as contact wire are not included in the design life of the system. Specific requirements for the
design life of these components may also be specified by the purchaser.

5 System requirements

5.1 Design of electrical system
5.1.1 General

The overhead contact line system shall be designed based on the characteristics defined in 4.2
and 4.3. The design shall take into account the return circuit system, feeder connections and
short-circuit.

Overhead contact lines should normally be electrically separated into sections and sub-sections
by use of insulators, sectioning devices, insulated overlaps, neutral sections, etc. This provides
operational flexibility for maintenance, emergency repair, planned directional operation, railway
tunnel safety and neutral section.

The electrical characteristics and ratings relating to insulation coordination for the overhead
contact line system, its products, assemblies, components, and its interfaces with other systems
should be determined in accordance with the requirements set out in IEC 62497-1:2010,
8.4.1.3. In accordance with 5.1, 5.1.3 provides clearance dimensions for values of impulse
voltages (Uy;) of 95 kV and above.

Functional-equipotential-bonding shall be provided across mechanical bearings within the
overhead contact line system where the efficiency of mechanical bearings would otherwise be
adversely affected by the flow of load current or fault current.

5.1.2 Temperature rise in conductors

The overhead contact line system, including return circuit and feeder connections, shall be
designed based on the electrical load defined by the system design under environmental
operating conditions for the relevant classes defined in IEC 62498-2. Documents
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The overhead contact line shall be designed for the full temperature range taking in account
the specified minimum environmental temperature and the maximum temperature rise in the
conductors. For this temperature range, the proper work of tensioning devices and hinged
cantilever is required. Furthermore, the minimum electrical clearances and all functional
requirements have to be respected in any case.

The maximum temperature rise in the conductors, due to load or short-circuit currents, should
not lead to conductor temperatures above the values given in Table 1. See also 7.3 and 7.4.

The temperature rise affects the mechanical and dimensional allowances to be made for the
maximum expansion of the conductor system, and geometrical allowances for electrical
clearance and contact wire height.

The design shall accommodate the maximum load current of the current collector when the
vehicle is at standstill.

The temperatures above which the mechanical properties might be impaired are given in
Table 1 for material compositions of tensile stressed conductors used in contact line systems.

Table 1 — Temperature limits for material mechanical properties

Temperature
°C
Material Upto1ls Up to 30 min Permanent
short-circuit (e.g. pantograph (e.g. operating
current standstill) 2 condition)
l;lc())r:dmuaclﬁa:/r;g/high strength copper with high 170 120 80
Silver copper alloy 200 150 100
Tin copper alloys (0,1 to 0,4) 200 150 100
Magnesium copper alloys (0,1 to 0,7) 200 150 100
Aluminium alloys 130 - 80
ACSR/AACSR 160 - 80
a The.:?e values are applicable for exceptional operational cases and should not happen too often in the same
position.

NOTE 1 For novel products it can be necessary to reduce the limits until sufficient operational experience has been
gained.

For temperatures higher than those in Table 1, the possible reduction in conductor strength
according to the duration of the raised temperature should be checked and, if necessary, the
dimensions of the conductor shall be increased and/or the working load shall be reduced.

NOTE 2 There have been long satisfactory experiences in Japan that the highest permanent temperature of pure
copper, aluminium and ACSR wires for catenary wires and feeder wires is 100 °C.

When calculating the temperature rise in a conductor, the following contributions should be
considered:
— heating caused by the current and its duration;

— heating caused by the environmental conditions, for example ambient temperature and solar
radiation;

— radiant heat emitted from the conductor;

— heat lost from the conductor by convection depending on the wind speed and direction.

NOTE 3 A wind speed of 1 m/s is often used for this calculation as per IEC 62498-2:2010, :ategQQQuments
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The values of the environmental parameters (ambient temperature, wind speed and
temperature rise caused by solar gain) shall be given in the purchaser specification.

The temperature of the contact wire at the interface with the contact strips shall not exceed the
appropriate value given in Table 1. Nominally, the "up to 30 min" value should be used for when
assessing pantographs at standstill; however, in some cases, it may be appropriate to use the
"permanent" value.

For longer than 30 min pantograph standstill and also for pantograph standstill repeatedly at
the same place, the temperature limits for permanent operational conditions shall be used.

The rated current-carrying capacity of the overhead contact line based on the permanent rated
current-carrying capacity of their conductors and the current distribution in these conductors
should be calculated and provided by the power supply system design for the adjustment in the
protection relays.

51.3 Clearances between live parts of contact lines and earth

The air clearances between the live parts of the overhead contact line system or pantograph
head and earthed parts of the fixed installations, and those of vehicles, shall be defined to
achieve acceptable availability of service and to limit damage to these assets. The safety
clearances identified in IEC 62128-1 shall apply for protective provision against direct contact.

NOTE For the purpose of 5.1.3, "earth" in the context of DC includes equipment connected to the traction return
system as well as parts in contact with earth.

For technical and economic reasons, typical air clearances between earth and the live parts of
the overhead contact line system are stated in Table 2. These values are based on operational
experience and have provided a proven acceptable level of performance and reliability.

The clearance values given in Table 2 may be reduced or increased depending on various
parameters, for example highest permanent voltage, transient voltage conditions, switching and
thunderstorm conditions, overvoltage protection, absolute humidity, the ambient temperature
range, air pressure, pollution, relative air density, measures to avoid short circuits with birds,
shape and material for both energised and earthed structures (refer to IEC 62498-2 and
IEC 62497-1). Each case, however, shall be considered individually.

In areas where overvoltage can occur very often due to lightning or where reduced air
clearances occur, surge arrestors, supplementary insulation or other means may be used in
accordance with IEC 62497-1, if the electrical clearances to earthed structures are not
sufficient.

The following provides an example of reduced clearances by the application of surge arresters:

— for overhead contact line systems with nominal voltage U, = 25 kV (overvoltage category
OV4, impulse voltage U,; =200kV from IEC 62497-1:2010 and I|EC 62497-1:2010/
AMD1:2013, Table A.2) according to Table 2, the static clearance is given as ECg = 270 mm
and dynamic clearance as ECy = 150 mm;

— in the same case, the prospective overvoltage at a bridge or structure can be reduced by
fitment of a surge arrester with a lower impulse value than the Uy; 200 kV rating for OV4.
Fitment of a surge arrester with a U, 5 rating of < 90 kV allows the effective clearance to

be aligned with that applicable to 15 kV systems, namely a static clearance of 150 mm and
a dynamic clearance of 100 mm (OV4 impulse voltage Uy; = 125 kV).

The clearance values given in Table 2 should also be applied for clearances between adjacent
live parts of contact line systems for different electrical sections of the same voltage and phase.
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Table 2 — Typical electrical clearances

Typical clearances
Nominal voltage mm
Static (EC,) Dynamic (EC,)

DC 600 V (720 V) 2 100 50

DC 750 V (900 V) 100 50

DC 1,5 kV (1,8 kV) 100 50

DC 3,0 kV (3,6 kV) 150 50

AC 15 kV (17,25 kV) 150 100

AC 20 kV (24 kV) 250 150

AC 25 kV (27,5 kV) 270 150

AC 25 kV (30 kV) 300 150
Values in brackets are the highest permanent voltages in accordance to IEC 60850.
a8  Only for existing systems.

The value for the static case is a value to be applied to the electrification clearance gauge as a
minimum air clearance between the live parts of an overhead contact line to fixed objects. The
value for the dynamic case is a value to be applied to a temporary case, for example the
pantograph clearance gauge or the live parts of an overhead contact line during uplift by
pantographs or the designed wind speed flow.

Different clearances for "static" and "dynamic" cases are justifiable by probabilistic
determinations taking in account duration. For example, it is improbable that an overvoltage
surge will occur at the same moment when a pantograph passes a narrow part of a tunnel. For
this "dynamic" or temporary case, the use of a dynamic clearance, also called "passing"
clearance, is justified. A usual train stop at a railway line, for example in a station, can be
considered as a temporary case due to the limited duration. It is almost improbable that a train
stops with the pantograph at the closed point to a fixed earthed structure with the dynamic
clearance between and at the same moment an overvoltage surge will occur. For this temporary
case, the pantograph clearance gauge with the dynamical (passing) clearances may be applied
also.

Electrical clearances in air for insulators may be designed and measured according to Figure 2.
The measurement approach in Figure 2 shall not be used for safety clearances. For safety
clearances, the approach set out in IEC 62128-1 shall apply.
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Documents

Document Sharing Hub


http://www.avadocuments.com/doc/iec-60913-2024
http://www.avadocuments.com/doc/iec-60913-2024

IEC 60913:2024 © |IEC 2024 - 35—

IEC
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earthed equipment

insulator sheds
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live equipment
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value of static clearance (EC) given in Table 2

b 10 mm

Figure 2 — Static electrical clearance in air between live parts
of an insulator and earthed equipment

For section insulators, it is allowed to reduce the static values of typical clearance in Table 2
for dynamic performance of the pantograph and overhead contact line system, where necessary
and where the intended operation and maintenance regime is compatible. The reduced static
values for section insulators shall not be less than the dynamic clearances in Table 2.

Higher minimum values for section insulators may be specified by national rules and
regulations.

For urban rail systems, static values for section insulators shall not be less than

— 25 mm for 750 V, and
— 35 mm for 1,5 kV.

The primary function of section insulators is to provide operational sectioning of the overhead
contact line system. To meet this functionality, the required electrical performance
characteristic is to maintain integrity during switching and shall provide a minimum rated
impulse voltage at least equal to the switching impulse voltage (Ugg,). The electrical

performance characteristics of section insulators for other functions can be subject to
compliance with national rules and regulations.

5.1.4 Clearances between adjacent live AC contact lines of differing voltage phases

For an overhead contact line system, there may be a phase difference between different parts
of the system, resulting in a phase-to-phase voltage higher than the nominal voltage. For 15 kV
and 25 kV autotransformer systems, there is a phase difference of 180° between all live parts
connected to the line feeder and all live parts connected to the overhead contact line.

For single phase AC systems, the phase difference between 90° and 180° at neutral section
locations results in a similar effect.

Table 3 provides recommendations for the air clearance which should be achieved between live
parts of an AC contact line system of differing phases. Documents
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Table 3 — Typical clearances between adjacent live AC contact line systems
of differing voltage phase

Hi Recommended minimum clearance
Nominal voltage Phase difference ighest permanent RMS
voltage between phases Static (EC,) Dynamic (EC,)
kV degrees kV mm mm
15 (17,25) 120 26 260 175
15 (17,25) 180 30 300 200
20 (24) 90 28,2 300 200
20 (24) 120 34,6 300 200
25 (27,5) 120 43,3 400 230
25 (27,5) 180 50 540 300
25 (30) 90 35,3 500 350
25 (30) 120 43,3 500 350
Values in brackets are highest permanent voltage in accordance with IEC 60850.

When a pantograph passes the overlap of a phase separation section, a phase to phase voltage
acts between both contact lines for a short period. Therefore, the clearances between both
contact lines shall be selected in accordance with the dynamic clearances set out in Table 3.
These clearances shall be maintained at all times.

5.2 Design of overhead contact line for current collection systems
5.2.1 General

The design of both the overhead contact line system and used pantographs shall take into
account the required line speed.

The performance of the overhead contact line, when interacting with a pantograph, shall be
assessed in static and dynamic conditions. For new types of OCL or new types of pantographs,
dynamic behaviour shall be predicted in the design phase by computer simulations. These
simulations shall later on be verified on the installed overhead contact line system with
measurements. For existing OCL and pantograph designs which have already been used in
operation, at least measurements shall be performed to confirm design and installation quality.
For overhead contact lines with line speeds of up to 100 km/h, computer simulations and
measurements at line speed need not to be performed.

The simulation programs shall be validated in accordance with IEC 63453 and the
measurements shall be undertaken in accordance with IEC 62846.

The assessment of the overhead contact line shall take into account trains with multiple
pantographs, and the performance of each pantograph both separately and with the
pantographs used collectively shall be assessed.

Technical criteria for the interaction between pantograph and overhead contact line to achieve
free access to rail infrastructure are given in IEC 62486:2017, Clause 7.
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5.2.2 Elasticity and its variation

The overhead contact line should be designed in such a way that there is a small variation, u,
of the elasticity, e. The elasticity e, expressed in millimetres by Newton (mm/N), is the uplift
divided by the force measured at the contact wire. In every span, there is a maximum and a
minimum elasticity. The elasticity values are static values. These values describe the
variation u:

u = <max _Cmin_, 400 [%)] 1)

€max 1 €min

NOTE 1 The value u is also named "degree of non-uniformity".

NOTE 2 Low values of elasticity do not always give a small variation.

The elasticity and its variation depend upon the configuration of the overhead contact line. For
the overhead contact system, the following main factors shall be taken into account:

— for FOCL: number, mass and tension of contact and catenary wires, system height, use of
stitch wires, type, number and position of droppers;

— for ROCL: mass, profile and type of their fixation;
— for both: span length, type of support (e.g. cantilever type) and registration;

Elasticity and variation may be specified by the purchaser.

The elasticity should normally be calculated and measured with a value of force equal to either
the mean contact force at maximum speed or double the static contact force. Information about
reasonable values is given in the informative Annex F.

5.2.3 Vertical movement of contact point

The contact point is the point of the mechanical contact between a collector head's contact strip
and a contact wire.

The overhead contact line shall be designed in such a way that the vertical height of the contact
point above the track is as uniform as possible along the span length; this is essential for
high-quality current collection.

The maximum permissible difference between the highest and the lowest dynamic contact point
height within one span shall be in accordance with the limit set out in the purchaser
specification.

This shall be verified by measurements or simulations. The verification shall include the
maximum line speed allowed by the overhead contact line, considering the mean contact force.

This does not need to be verified for overlap spans or for spans over turnouts and crossings.

5.2.4 Calculated wave propagation velocity

Waves caused by pantograph forces on the tensioned contact wire(s) have a propagation
velocity. The flexible overhead contact line can be designed to limit the maximum operational
speed to less than 70 % of the wave propagation velocity, V', of the contact wire.
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[m/s] (2)
Yom

where

Ve is the wave propagation velocity of the contact wire, expressed in m/s;

>z is the sum of the working tensile loads of contact wire(s), expressed in N;
>m is the sum of the linear mass of the contact wire(s), expressed in kg/m.

5.2.5 Quality of current collection
5.2.5.1 General

Overhead contact lines and pantographs shall be designed and installed to ensure acceptable
current collection performance at all operating speeds and whilst at standstill.

The life cycle of the contact strips and contact wires essentially depends on the following:

— dynamic behaviour of the overhead contact line and the pantograph;

— current flow across the interface between contact strips and contact wire;

— contact areas and the number of contact strips;

— material of contact strips and contact elements of the overhead contact line;

— speed of the train, the number of pantographs in operation and the distances between them;
— environmental conditions;

— geometry of the contact line;

— elasticity and their uniformity;

— contact wire tensile load;

— pantograph design and contact force.
5.2.5.2 Contact forces

The overhead contact line system shall be designed to withstand the maximum permissible
contact forces between the pantograph and the overhead contact line. The aerodynamic effects
which occur at the maximum permissible speed of the vehicle shall be taken into account.

The overhead contact line system shall be designed to minimize contact loss between the
pantograph and the overhead contact line.

NOTE 1 Contact loss can occur during testing and operation caused by the statistical behaviour of the interaction
and external factors, for example track quality, vehicle suspension, etc.

In the case of using multiple pantographs connected by bus line, it is allowed to have the short-
term contact loss. Assessment of conformity shall be decided between purchaser and supplier.

Contact force values vary with different combinations of pantographs and overhead contact line
systems. The simulated or measured instantaneous values of contact forces are usually below
the value of the mean force (F,,) plus three standard deviations (3¢). Higher values may occur

at particular locations; however, they shall not exceed the maximum contact force limit value
given in Table 4.

NOTE 2 F_ + 3 orepresents 99,73 % of values for a normal distribution of force.
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Where force values are not a normal distribution, i.e. ROCL, then at least 99,73 % of the
resulting values shall be within the range defined in Table 4.

The minimum contact force values in Table 4 are limits that shall be applied in the statistical
analysis of both simulations in accordance with IEC 63453 and testing in accordance with
IEC 62846. The evaluation of the results shall be undertaken using a representative section of
the overhead contact line, including overlap.

During simulations and testing, it may be accepted that instantaneous contact loss occurs, but
this contact loss should be random. See 5.2.5.3 for details of measurement of contact loss.

Where contact forces are used to define the current collection quality, the mean value and
standard deviation of contact force shall be the main assessment criteria. When assessing the
dynamic behaviour and current collection quality, the limits for mean contact force (F,,) and

maximum standard deviation (o,,,4) that shall be applied are defined in IEC 62486.

Table 4 — Contact force limits

Contact force limits
System Speed
Maximum Minimum (statistical)

km/h N N
AC <200 300° >0
AC 200 < V= 320 350 >0
AC > 320 400 >0
DC <200 3002 >0
DC > 200 400 >0

a8 350 N for short single rigid components, such as section insulators, or transition between FOCL and ROCL
systems in overhead contact line systems up to 200 km/h.

For urban rail systems, the static contact force is recommended to be at least 60 N. If lower
values are used, it should be demonstrated, that the dynamic behaviour of current collection is
acceptable and the temperature limits for the contact wire according to Table 1 are followed.
For trolleybus systems, the static force values are specified in 5.13.5.

Additional requirements for contact forces for interoperable lines are given in IEC 62486.

5.2.5.3 Contact loss

A high quality of current collection is achieved through continuous mechanical contact between
the contact wire and contact strip. Contact loss leads to arcs that may cause many negative
effects such as shortening of the lives of contact strips or contact wires by increasing wear,
faults due to melting of components and inadmissible acoustic and electrical noises.

Where contact loss is used to define the current collection quality, the frequency and duration
of arcing shall be the criteria for the current collection quality. Where these criteria are used,
parameters and conditions of tests shall be selected in accordance with IEC 62846. This is
applicable in case of using multiple pantographs connected by bus line also.

Additional requirements for interoperable lines are given in IEC 62486.
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5.2.6 Fatigue of contact wire

When pantograph slides on contact wire, bending stress grows in the wire. As train speed
becomes higher and more pantographs passing by, bending stress would be larger, and life of
the wire by fatigue in special cases can become shorter than the life of wear. In flexible
overhead contact line design, consideration can be given to the bending stress of contact wire.

NOTE Test procedures are described in IEC 62846:2016, Annex B.
5.3 Mechanical design of contact wire loads

5.3.1 Permissible tensile stress g,

The maximum permissible working tensile stress ¢,, of a contact wire depends on the

parameters defined in 5.3.2 to 5.3.8. All of these parameters shall be weighted with an individual
factor. The minimum tensile failing stress o,,;, of the contact wire shall be multiplied by the

product of these factors and a safety factor » not greater than 0,65 to get the maximum
permissible working tensile stress.

The values in Table 5 may be interpolated.

The maximum permissible working tensile stress to be applied to unworn contact wire shall be
determined using Formula (3):

K

0 w

w=‘7minx”thempr

wear * ind X Kice * Keff * Kclamp X Kjoint [N/m2] (3)

Formula (3) gives the minimum requirements which can be increased by national regulations.

5.3.2  Maximum temperature Ko,

The tensile strength and creep behaviour of contact wires depend on the maximum working
temperature. The factor Kiemp €Xpresses the relationship between the permissible tensile stress

and the maximum working temperature of a contact wire and shall be selected from the values
given in Table 5.

Table 5 - Factor Ky, for contact wires

Ktemp
Contact wire material
For max. temperature < 80 °C For max. temperature < 100 °C
Cu 1,0 0,8
Cu-Ag 0,1 1,0 1,0
Cu-Sn (0,1 to 0,4) 1,0 1,0
Cu-Mg (0,1 to 0,7) 1,0 1,0

For new products, it should be considered to use lower values until sufficient operational
experiences has been gained.

For maximum working temperatures above 100 °C, the reduction of conductor strength over the

lifetime of the wire shall be determined by type tests. The factor K, shall be adjusted
according to the residual strength of the wire shown in Table 5.
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In addition to the requirements of the permitted tensile stress, consideration should also be
given to the properties of the contact wire material with respect to resistance to creep. To
achieve this resistance to creep, a lower permissible tensile stress and/or working temperature
should be adopted.

5.3.3 Allowable wear K,

Provision shall be made for allowable wear by applying a factor appropriate to the permissible
wear.

K,

wear ~

1-x (4)

where
x is the permissible wear expressed as a proportion of the total cross-sectional area.

5.3.4  Wind loads K;,q

The effect of wind load on maximum contact wire tensile strength depends on the design of
overhead contact lines. The factor K,,;,4 depends on the wind load and the type of the overhead

contact line and provision shall made as set out in Table 6.

Table 6 — Factor K,,;,,4 for contact wires

Type of overhead contact line K ind
Contact and catenary wire automatically tensioned 1,00
Contact wire automatically tensioned and catenary wire fixed termination 0,95
Single contact wire automatically tensioned 0,95
Contact and catenary wire fixed termination 0,80

5.3.5 Ice loads K.,

The effect of ice loads on maximum contact wire tensile strength depends on the design of
overhead contact lines. The factor K., depends on the ice loads and the type of the overhead

contact line and provision shall be made as set out in Table 7. In some tropical zone and
temperate zone areas where ice does not appear on wires, K., may be 1,0 in any condition of

Table 7.
Table 7 — Factor K., for contact wires
Type of overhead contact line K; .
Contact and catenary wire automatically tensioned 0,95
Contact wire automatically tensioned and catenary wire fixed termination 0,95
Single contact wire automatically tensioned 0,95
Contact and catenary wire fixed termination 0,88

5.3.6 Efficiency of tensioning devices K

The efficiency and accuracy of tensioning devices is considered by the factor K. When the
tensioning device is installed in accordance with the supplier’s instructions, K shall be equal

to the efficiency specified and proven by the supplier. ocuments
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