ICS 29.280, 45.060.10 PREDBEZNA SLOVENSKA TECHNICKA NORMA November 2025
Drahové aplikacie STN P
Systémy zberu prudu CLC/TS 50712
ST N Technické Kkritéria pre interakciu medzi
zberacom a vrchnym trolejovym vedenim
P na elektrifikovanych cestach
36 2315

Railway applications - Current collection systems - Technical criteria for the interaction between pantograph and overhead

contact lines on electrified roads

Tato norma obsahuje anglicki verziu eurdépskej normy.
This standard includes the English version of the European Standard.

Této norma bola ozndmena vo Vestniku UNMS SR ¢ 10/25

Obsahuje: CLC/TS 50712:2024

141265

obsahuje
farebné
strany

Urad pre normalizaciu, metrolégiu a skiobnictvo Slovenskej republiky, 2025
Slovenska technickd norma a technicka normaliza¢nd informécia je chrdnena zdkonom ¢. 60/2018 Z. z. o technickej normalizacii

v znen{ neskorsich predpisov.



STN P CLC/TS 50712: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

TECHNICAL SPECIFICATION CLC/TS 50712
SPECIFICATION TECHNIQUE
TECHNISCHE SPEZIFIKATION December 2024

ICS 29.280; 45.060.10

English Version

Railway applications - Current collection systems - Technical
criteria for the interaction between pantograph and overhead
contact lines on electrified roads

Applications ferroviaires - Systémes de captage de courant Bahnanwendungen - Stromabnahmesysteme - Technische
- Critéres techniques d'interaction entre le pantographe et la Kriterien fir das Zusammenwirken zwischen
ligne aérienne de contact sur routes electrifiées Dachstromabnehmer und Oberleitungen auf elektrifizierten
Strallen

This Technical Specification was approved by CENELEC on 2024-11-18.

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

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the
Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkiye and the United Kingdom.

CENELEC

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

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2024 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

Ref. No. CLC/TS 50712:2024 E



STN P CLC/TS 50712: 2025 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CLC/TS 50712:2024 (E)

Contents Page
EUropean fOr@WORId ............ueeiiiiiiiiicciecire e isssssssmse e e s s s s s s s s sssme e e e e s es s sms s s e e e e saa s s smsneeeeesassssnmeneneeesassssnnnnnnnsnnnnnsnnn 6
1o T 1T T o2 T ) o 7
1 8T o - N 8
2 NOIrMAtiVe refereNCEeS...... . s nasennnnsnsnsnsnsnsnsnsnsnsssnsnsnsnsnsnsnsnsnsnsnsnsnnnsnnnsnnnnnnnnnnnnn 8
3 Terms, definitions, and abbreviatioNs........cccccccciiiiiiiiie e e emaa s 9
3.1 Terms and definitiONS ........ooiiiiii e e e e e e e et e et e e e e nre e e e e nre e e e ennees 9
3.2 ADDBIEVIAtiIONS .. .. 11
4 SyYSteM ArChit@CUIE ......coooiie e e e an e e e e e e e e s mnn e e e e e s e s e mmnnnennenan 14
4.1 Pantograph environment on ERS vehicles for OCLS ... 14
A = 11 (o o | =T o] S SS 15
4.3  Coordinate referenNCe SYSIEIM .....cooiiiiiii ettt e e st e e st eesnb e e e anneeeeanneeens 21
5 8= =T T o 4T =Y o 21
LS TRt € 1Y o 1= - SRR 21
5.2 System safety requirements for ERS VENICIES ... 22
6 Pantograph characteristics and requirements............ccoccivimimiir e ———— 24
LTt N €T o 1= - PSPPSR 24
6.2 Interface to infrastructure (Mechanical and electrical properties of the OCL infrastructure)................. 24
6.3  Control interface of PANtOGraph ..........cooi i 33
6.4 Requirements for pantograph SUPPIY ....ceooiieieeiiiie e e e e e e e e eaaeeas 35
6.5 Requirements for mounting and mechanical connection to the vehicle interface in case of a crash.....35
6.6  Environmental CONAItIONS ..o 36
6.7 Conditions arising from the application 0N @ road .............ccooieiiiiiiiiiie e 36
6.8 EMC and ESD reqUIrEMENTS ... ...t e e e e e e e e e e e e e e e et e e e e e e e e e e nnnnneeaaeeas 37
6.9  MaintenanCe reQUIrEMENTS .......coiii e 37
6.10 Basic pantograph reqUIFEMENES ..ot e e e e e e e e e e e e et nee e e e e e e e e anneeeeeaaeeas 37
7 Testing and SIMUIALION ......c.ooeiiiiiiiiiii e r s rrr e rrrrrrrrerrrersrnnsnsnsnnnnnnnnnns 38
A N € 1= 1= - | USRS 38
7.2  TeStdefiNitiONS ... 41
7.3 VerifiCatiOn MEASUIES .......oiiiiiiiie ittt ettt e e sttt e e st e e e e sttt e e e sttt e e e smbeeeeeanteeeesanteeaesanreeeaanns 56
Annex A (informative) Requirements for VIC and ERS vehicles with pantograph...........ccccceiiiirinnannn 57
N T € 7= 5 = - | 57
A.2 Safety concept aspects for ERS vehicles with pantographs.........cccccovicciiciinncccccsseer e 57
A.3 Traction voltage supply SitUatioNS ..........ccoviiiiiiiiiii s 57
N S W T o7 o2 4 oY 4 =3 ) Y 4 [N 58
A.5 Recommended safety requirements and tests...........cccccnriiiminniin s —————— 58
A.6 SR13 Disconnection in cleared state ... ————— 59
Annex B (informative) Overhead contact line infrastructure properties .........ccccccciririicccvcerrennnscccsenens 60
0 T o oY o - PN 60



STN P CLC/TS 50712: 2025 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CLC/TS 50712:2024 (E)

B.2 Road characteriStiCs........ccccoiiiiiimiii i 60
B.3 Capacity and service life of the OCL System ........ccccciiiiccceciiiiiinccccsserr s ssme e e e nnnn 61
B.4 General geometric definitions ........cccciiiiiiiinn e ———————— 62
2 T O T 0 ST o o' T o £ = N 62
0 T 0o T 1 =T o o =N 70
B.7 ERS clearance reqUIrEMENLS ..........ccccccicmmiiriiiiicssssseneessssssssssssssssssssssssssssssssssssssssnsessssssasssssnnsnensssssssnnn 70
B.8 Electrical properties of the OCL ... sssses s s sssss s s s s s s s sssms e e e s essss s s snme s e s e eesnnsnnn 79
Annex C (informative) Responsibilities of the infrastructure operators of ERS featuring OCLS......... 80
L0 I € 11 4 =Y - | 80
C.2 Organisational PremiSes ........ccciurieiriiiisirrir i 80
C.3  Operational MONItOriNg.....c.ccciiiiiiiiiir i 80
C.4 Recommendations for OCLS Operator ProCeSSES.......ccccurrrriiiisssnmrerrrersssssssssrsessssssssssnsssssssssssssssnsnns 82
Annex D (informative) CAN bus communication .........cccceeiiiccciiemiriiin s sme e e nnns 85
Annex E (informative) Overview electric roads system and their environment.........c..cccoccccirrnernnnnee. 88
[ T0 o 1o T o 7 90
Tables

Table 1 — Pantograph interface ... ———— 15
Table 2 — Pantograph components and ERS vehicle heights............ccccoiniimiiicineneeen 17
Table 3 — Pantograph states and safety recommendations........cccccco v ccecere e 18
Table 4 — Safety reqUIrEMENtS OVEIVIEW .......cciiiiiiicciiieiirerii s csssnrre e s s ss s sssms e e e e s s s ss s s ssnme e e e e essssssmnmesenessnnnnnn 22
Table 5 — Pantograph components and ERS vehicle heights......c.cccocccciiiiiiiscccceerr e 28
Table 6 — Pantograph clearance requUirements......... .o 30
Table 7 — Traction power supply voltage limits ... s 32
Table 8 — Traction power supply current limits ... s 32
Table 9 — Simulation levels for crash profile (taken from N3 in UN ECE R100) ......ccccccevvicccecernennnnnes 36
Table 10 — catalogue Of tESES ........cccciiiiiiccce e sme e e e e s s sssme e e e ee s e s amnne e e e e ennnannn 39
Table 11 — Definition of pantograph dimensions ... e 41
Table 12 — Collector head excitation............cccoiiiiiiiiiii e 51
Table A.1 — Recommended safety requirements and tests..........cccccvcmriiiisni 59
Table B.1 — Standard contact wire specifications .........c..oo s 62



STN P CLC/TS 50712: 2025 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CLCI/TS 50712:2024 (E)

Table B.2 — National example for minimum contact wire height and vertical space for contact wire .63

Table B.3 — Contact wire vertical position parameters, all values measured perpendicular to the

idealized top of the road SUMface (R) .....ccccciiiicccicmmiiii e e e e snn e e e e e s nan 65
Table B.4 — Contact wire height variables ...t e 65
Table B.5 — Contact wire uplift parameters .........ccccccciiiiiiicccscmrirr e s e ssmne e e e s s s s snmnnes 66
Table B.6 — contact wire differential heights parameters and maximum permissible values .............. 67
Table B.7 — maximum change of contact wire height, measured for each contact wire....................... 67
Table B.8 — Contact wire horizontal position parameters...........ccoooiiiiiiiiiccics s 67
Table B.9 — Defined points along the OCL (Side VIEW).......ccccceieriiiiccciserirnr s ssssssees s sssssssssssssessssssssssmnnes 69
Table B.10 — Classification of clearance gauges for standard situations...........cccccciriiicciininnnccccceeens 72
Table B.11 — Composition of category A structure gauge Clearance..........ccccceeemrrrrrriscssssneeeersssssssssnnnes 73
Table B.12 — Composition of category B structure gauge clearance............ccccocmnriemnnnninnnnsnennnnnenen 74
Table B.13 — Composition of category C structure gauge clearances..........c.cccemnriiemrmnnismnnnssesnninenen 76
Table B.14 — Composition of category D structure gauge clearances..........c.ccccrnriemrmnnismnnnsssennnnenen 77
Table B.15 — Structure gauge - width of clearances...........cccccciiiiiiicccieriin e 78
Table B.16 — Electrical clearance values (static/dynamic)......cccccccovecciimiimiiiiiccccecrr e snmnees 79
Table D.1 — ENA_PAN_SYS CAN frame descCription...........ccccccimiiiiiiccssmminnnisssscsssesses s sssssssssess e essssssssssenes 85
Table D.2 — ENA_PAN_SYS CAN signals description...........cccouiiiiiciimiininccemse s sssmenes 85
Table D.3 — PAN_ENA_SYS CAN frame description...........ccooiiiiiiiciiri s 86
Table D.4 — PAN_ENA_SYS CAN signals description...........cccooiiiiiiiiinmiini s nsssmsss s smenes 86
Table E.1 — Technical domains for ERS safety concept ........ccccoiiiiiccierini e 89
Figures
Figure 1 — Pantograph, OCLS and vehicle schematic showing interfaces between sub-systems,

see Table 1 for interface desSCriptions ... e s 14
Figure 2 — Pantograph terminology and height definitions..........ccccocvecmriniiiincic e, 16
Figure 3 — States for pantograph operation ... s 17
Figure 4 — Example for the arrangement of electrical layers of ERS vehicles .........ccccconinriiiiinniiinennn, 20
Figure 5 — Coordinate system according to ISO 8855...........cccccciiiiiiiicciserrrr e ssnme e e s nnnn 21



STN P CLC/TS 50712: 2025 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CLC/TS 50712:2024 (E)

Figure 6 — Main dimensions of collector heads............cccceriiiicccsceiiininsscc e e 25
Figure 7 — Angle of attack a at contact wire, measured towards idealized road surface ..................... 26
Figure 8 — Pantograph terminology and height definitions..........cccccoviiviiiiiiiisc s 27
Figure 9 — Exemplary ERS zones, lanes, and clearance gauge for ERS vehicles ............ccccoiiiininnnnes 29
Figure 10 — Clearance gauge detail with both contact wires in perspective of driving direction ........ 30
Figure 11 — Traction current as a function of the vehicle’s velocity ........ccccccmiiiicccicmer s 33
Figure 12 — height deviation between left and right contact strips........ccccccemiriicccic s 38
Figure 13 — Pantograph dimenSiONS..........cccccccicimmmnmnnnnnnnnnnnnnnnnsnsnsnsnnnsnsnsnsnsssnsssnsnsnsnsnsnsnsnsnsnsmsnsnsnsnnnnnnnnnns 41
Figure 14 — Static heights of the pantograph that are to be tested, identifiers according to

Figure 1, please note that the base reference is subject to the variable vehicle chassis............ 43
Figure 15 — Test visualization for lowering tests..........cccccoiiiiiiiniinn 54
Figure 16 — Simulation of damaged ADD ..........cccccciimiiiiir e ————— 55
Figure B.1 — Working range of the contact wire in standard installations ...........ccccccccmririccciicrrneinnnnes 63
Figure B.2 — Contact wire vertical position parameters and relation to pantograph heights............... 64
Figure B.3 — Contact wire uplift and parameters (Left, Right)......c.ccccccoeeiiommiiiiiccccerrr e 66
Figure B.4 — maximum permissible contact wire differential heights............ccccocomrriininiinnins 66
Figure B.5 — Overlap span (plan view, exemplary design for anchoring, representation without

electrical CONNECLIONS) ......coiiiiiiiiiiir e ———— 68
Figure B.6 — Defined points along the OCLS (side view, idealized) ...........cccceiinimmiinisnninnnnnennn: 68
Figure B.7 — Minimum angle of attack a in the limit case with maximum inclination of the

pantograph @paN max and maximum pantograph horn angle By pay e, 7
Figure B.8 — Category A structure gauge schematic.............ccceiiniimiinini 72
Figure B.9 — Category B structure gauge schematic.............ccceeiniiiminnisin e 74
Figure B.10 — Category C structure gauge schematic ..........cccccvviiimiinisnnn 75
Figure B.11 — Category D structure gauge schematiC...........ccccecmrrimmiiisccsscmrrin s sssmes e e e s snenn 76
Figure B.12 — Structure gauge — width of clearance..........cccoccccoiiiiiiiccccccrrer e 78
Figure B.13 — Structural gauge - lateral clearances, L1 as defined in Figure 8........cccccccoeecciirrvennnnnns 78
Figure E.1 — ERS and their environment ... 88



STN P CLC/TS 50712: 2025 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CLCI/TS 50712:2024 (E)

European foreword

This document (CLC/TS 50712:2024) has been prepared by CLC/TC 9X “Electrical and electronic applications
for railways”.

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

Any feedback and questions on this document should be directed to the users’ national committee. A complete
listing of these bodies can be found on the CENELEC website.
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Introduction

This document will help to establish a common technical base for overhead contact line type electric road
systems (ERS) being built in public field trials in different European states. It enables vehicles and likewise
infrastructure providers to develop and produce components and systems for interoperable use.

The main aspects being considered are:

— normative references to vehicle and infrastructure standards;

— definition of the pantograph to contact line system interface;

— requirements for safety concepts and provisions in contact line operation;

— requirements for test, operation, and maintenance of pantographs on commercial vehicles;

— distinction of use cases for externally supplied commercial electric road vehicles (informative).

To reduce carbon dioxide and other emissions caused by road traffic, ERS are being widely discussed and
tested in public field trials on different European roads and highways. In this document, the pantograph of an
overhead contact line type ERS is described. This ERS uses an overhead contact line system, a power supply
and a pantograph to draw electrical energy from a static supply system suspended above a highway to power
the propulsion and the battery charging of an electric road vehicle while driving.

As road traffic is highly internationalised and standardized, ERS solutions for commercial vehicles need to be
standardized to allow interoperable and international vehicle operation.

This document’s scope is limited to pantograph type current collectors for ERS. The electrical power supply of
a commercial road vehicle within ERS is achieved through the collection of current from the overhead contact
wires with a suitable pantograph system installed on the vehicle.

As the roadway cannot be used as an electrical return conductor, a 2-pole (positive and negative) contact line
system and pantograph are employed. The overhead contact line (OCL) system and the connected vehicles
form an electric circuit with the feeder system. This allows for electrical power flow between them. This is
considered in terms of electrical safety concepts and protective provisions.

The pantograph and the overhead contact line system (OCLS) are separate mechanically oscillating sub-
systems. The design of the sliding contact between them ensures continuous contact and allows for minimum
wear of both contact partners conductor and pantograph carbon strips.
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1 Scope

This document defines the general characteristics applicable to pantographs for ERS, to enable dynamic current
collection of road vehicles from an overhead contact line system. It furthermore defines the electrical and
mechanical interface between a pantograph and the infrastructure and between a pantograph and the vehicle.

The document also specifies tests for the pantograph. It includes recommendations for a common safety
concept that is related to the electric vehicle and power supply infrastructure and gives recommendations for
the maintenance of the pantograph.

This document is applicable to:

— Two-pole pantographs on commercial vehicles during operation on electrified public roads and highways.

This document is not applicable to:

— trolley busses and their electric equipment;
— vehicles in private applications on roads in restricted areas such as truck trolley applications in mines;

— commercial freight vehicles or electric busses with static-only charging systems at e.g. loading/unloading
facilities or bus stops.

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.

EN 50119:2020, Railway applications — Fixed installations — Electric traction overhead contact lines

EN 50124-1:2017, Railway applications — Insulation coordination — Part 1: Basic requirements — Clearances
and creepage distances for all electrical and electronic equipment

EN 50124-2:2017, Railway applications — Insulation coordination — Part 2: Overvoltages and related
protection

EN 50317:2012, Railway applications — Current collection systems — Requirements for and validation of
measurements of the dynamic interaction between pantograph and overhead contact line

EN 60068-2-64:2008, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband random and
guidance (IEC 60068-2-64:2008)

EN 61000-4-2, Electromagnetic compatibility — Part 4-2: Testing and measurement techniques — Electrostatic
discharge immunity test (IEC 61000-4-2)

ISO 4892-2:2013, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc lamps
ISO 6469-3:2021, Electrically propelled road vehicles — Safety specifications — Part 3: Electrical safety
EN ISO 9227, Corrosion tests in artificial atmospheres — Salt spray tests (ISO 9227:2022)

ISO 10605, Road vehicles — Test methods for electrical disturbances from electrostatic discharge

ISO 11452 (all parts), Road vehicles — Component test methods for electrical disturbances from narrowband
radiated electromagnetic energy
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ISO 16750-1, Road vehicles — Environmental conditions and testing for electrical and electronic equipment;
Part 1: General

ISO 16750-2, Road vehicles — Environmental conditions and testing for electrical and electronic equipment;
Part 2: Electrical loads

ISO 16750-3, Road vehicles — Environmental conditions and testing for electrical and electronic equipment;
Part 3: Mechanical loads

ISO 16750-4, Road vehicles — Environmental conditions and testing for electrical and electronic equipment;
Part 4: Climatic loads

ISO 16750-5, Road vehicles — Environmental conditions and testing for electrical and electronic equipment —
Part 5: Chemical loads

ISO 26262-5:2018, Road vehicles — Functional safety — Part 5: Product development at the hardware level

koniecnahladu - textdalej pokracujevplatenejverzii STN


https://www.iso.org/obp
https://electropedia.org/
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