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Foreword
This European Standard was prepared by SC 9XC, Electric supply and earthing systems for pub# ort
equipment and ancillary apparatus (Fixed installations), of Technical Committee CENELEC TC ical
and electronic applications for railways.
The text of the draft was submitted fe=tae=teraaiSote and was approved by CENELEC as on
2009-04-01.

This European Standard supersedes %

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical

national standard or by endorsement (dop) 2010-04-01
— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) -
References to definitions in IEC 60056= i Clause 3 are included for user reference and in some cases

may update or modify the current de

National Standards implementing

will comprise the full text of the Eurocode (including any
e preceded by a national title page and natieral-fereword,

The National Standards implementir
annexes), as published by CENELEC,
and may be followed by a National Anne

A National Annex, if included, may contain information on those parameters or statements in which
are not normative, e.g.

— values where alternative values or informative values only are given in the standard,
— country specific data (e.g. geographical, climatic, etc.), e.g. ice loads or temperature limits,

— the procedure to be used where alternative procedures are given in the standard.

It may also contain

— decisions on the use of informative annexes, and

— references to non-contradictory complementary information to assist the user to apply the standard.

The National Annex shall not alter any provisions of the European Standard.

Foreword to amendment 1

This document (EN 50119:2009/A1:2013) has been prepared by CLC/SC 9XC "Electric supply and earthing
systems for public transport equipment and ancillary apparatus (Fixed installations)".

The following dates are fixed:

e latest date by which this document has to be (dop) 2014-03-11
implemented at national level by publication of
an identical national standard or by
endorsement

e latest date by which the national standards (dow) 2016-03-11
conflicting with this document have to
be withdrawn

This standard was amended to correct some technical mistakes and to add some clarifications. The
requirements for insulators were also completed with mechanical and surface requirements. Documents
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1 Scope

This European Standard applies to electric traction overhead contact line systems in heavy railways, light
railways, trolley busses and industrial railways of public and private operators.

It applies to new installations of overhead contact line systems and for the complete reconstruction of existing
overhead contact line systems.

This standard contains the requirements and tests for the design of overhead contact lines, 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 standard does not provide requirements for conductor rail systems where the conductor rails are located
adjacent to the running rails.

2 Normative references

The following referenced documents are indispensable for the application 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.

N 206-1|, Concrete — Part 1: Specification, performance, production and conformity

N 485-1|, Aluminium and aluminium alloys — Sheet, strip and plate — Part 1: Technical conditions for
inspection and delivery

N 755-1, Aluminium and aluminium alloys- Extruded rod/bar, tube and profiles — Part 1: Technical conditions
for inspection and delivery

N 755-3, Aluminium and aluminium alloys — Extruded rod/bar, tube and profiles — Part 2: Mechanical
properties

N 1538, Execution of special geotechnical work — Bored piles

N 1537, Execution of special geotechnical work — Ground anchors

EN 1991-1-4:2008, Eurocode 1: Actions on structures — Part 1-4: General actions — Wind actions

ENV 1991-2-4:1995, Eurocode 1: Basis of design and actions on structures — Part 2-4: Actions on
structures — Wind actions

EN 1992 (all parts), Eurocode 2 — Design of concrete structures
EN 1993 (all parts), Eurocode 3: Design of steel structures
EN 1993-1-1:2005, Eurocode 3: Design of steel structures — Part 1-1: General rules and rules for buildings

EN 1995 (all parts), Eurocode 5: Design of timber structures

EN 1997-1:2004, Eurocode 7: Geotechnical design — Part 1: General rules

EN 1997-2:2007, Eurocode 7: Geotechnical design — Part 2: Ground investigation and testing

EN 1998 (all parts), Eurocode 8: Design of structures for earthquake resistance
EN 1999 (all parts), Eurocode 9: Design of aluminium structures
N 10025 (all parts), Hot rolled products of structural steels Documents
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EN 10149 (all parts), Hot-rolled flat products made of high yield strength steels for cold forming

N 10164, Steel products with improved deformation properties perpendicular to the surface of the product —
Technical delivery conditions

EN 10210 (all parts), Hot finished structural hollow sections of non-alloy and fine grain steels
N 12510, Wood poles for overhead lines — Strength grading criteria
N 12699, Execution of special geotechnical work — Displacement piles

N 12843, Precast concrete products — Masts and poles

N 20898-2, Mechanical properties of fasteners — Part 2: Nuts with specified proof load values — Coarse
thread (1SO 898-7)

N 50121-2, Railway applications — Electromagnetic compatibility — Part 2: Emission of the whole railway
system to the outside world

EN 50122 (all parts) 1), Railway applications — Fixed installations — Electrical safety, earthing and bonding
EN 50123 (all parts), Railway applications — Fixed installations — D.C. switchgear
EN 50124 (all parts), Railway applications — Insulation coordination

N 50125-2, Railway applications — Environmental conditions for equipment — Part 2: Fixed electrical
installations

N 50149, Railway applications — Fixed installations — Electric traction — Copper and copper alloy grooved
contact wires

N 50151, Railway applications — Fixed installations — Electric traction — Special requirements for composite
insulators

N 50152-2, Railway applications — Fixed installations — Particular requirements for a.c. switchgear — Part 2:
Single-phase disconnectors, earthing switches and switches with U, above 1 kV

N 50163, Railway applications — Supply voltages of traction systems
N 50182, Conductors for overhead lines — Round wire concentric lay stranded conductors
N 50183, Conductors for overhead lines — Aluminium-magnesiume-silicon alloy wires

N 50189, Conductors for overhead lines — Zinc coated steel wires

EN 50206-1:1998, Railway applications — Rolling stock — Pantographs: Characteristics and tests — Part 1:
Pantographs for main line vehicles

EN 50206-2:1999, Railway applications — Rolling stock — Pantographs: Characteristics and tests — Part 2:
Pantographs for metros and light rail vehicles

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

N 50318, Railway applications — Current collection systems — Validation of simulation of the dynamic
interaction between pantograph and overhead contact line

1) At draft stage. Documents

Document Sharing Hub

Full document details: BS EN 50119:2009+A1:2013


http://dx.doi.org/10.3403/00309466U
http://dx.doi.org/10.3403/02510355U
http://dx.doi.org/10.3403/02204357U
http://dx.doi.org/10.3403/03179568U
http://dx.doi.org/10.3403/00333612U
http://dx.doi.org/10.3403/00333612U
http://dx.doi.org/10.3403/02154804U
http://dx.doi.org/10.3403/02775200U
http://dx.doi.org/10.3403/30209002U
http://dx.doi.org/10.3403/03028727U
http://dx.doi.org/10.3403/01685888U
http://dx.doi.org/10.3403/00770447U
http://dx.doi.org/10.3403/02326354U
http://dx.doi.org/10.3403/02007960U
http://dx.doi.org/10.3403/02008001U
http://dx.doi.org/10.3403/01754521
http://dx.doi.org/10.3403/01755276
http://dx.doi.org/10.3403/30217514U
http://dx.doi.org/10.3403/02666514U
http://www.avadocuments.com/doc/bs-en-50119-2009-a1-2013
http://www.avadocuments.com/doc/bs-en-50119-2009-a1-2013

BS EN 50119:2009+A1:2013
EN 50119:2009+A1:2013 -8-—

N 50326, Conductors for overhead lines — Characteristics of greases

EN 50341-1:2001|, Overhead electrical lines exceeding AC 45 kV — Part 1: General requirements — Common
specifications

N 50349, Railway applications — Fixed installations — Electric traction — Insulating synthetic rope assemblies
for support of overhead contact lines

N 50367:2008, Railway applications — Current collection systems — Technical criteria for the interaction
between pantograph and overhead line (to achieve free access)

EN 60071 (all parts), Insulation co-ordination (IEC 60071, all parts)
EN 60099 (all parts), Surge arresters (IEC 60099, all parts, mod.)

N 60168, Tests on indoor and outdoor post insulators of ceramic material or glass for systems with nominal
voltages greater than 1 kV (JEC 60168)

N 60265-1, High-voltage switches — Part 1: Switches for rated voltages above 1 kV and less than 52 kV
(IEC 60265-1)

N 60305, /nsulators for overhead lines with a nominal voltage above 1 kV — Ceramic or glass insulator units
for a.c. systems — Characteristics of insulator units of the cap and pin type (JEC 60305)

EN 60383 (all parts), Insulators for overhead lines with a nominal voltage above 1 kV (IEC 60383, all parts)

N 60433, Insulators for overhead lines with a nominal voltage above 1 kV — Ceramic insulators for a.c.
systems — Characteristics of insulator units of the long rod type (JEC 60433)

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

N 60660, /nsulators — Tests on indoor post insulators of organic material for systems with nominal voltages
greater than 1 kV up to but not including 300 kV (JEC 60660Q)

EN 60672 (all parts), Ceramic and glass insulating materials (IEC 60672, all parts)
N 60889, Hard-drawn aluminium wire for overhead line conductors (JEC 60889)
N 60947-1, Low-voltage switchgear and controlgear — Part 1. General rules (IEC 60947-1)

N 61109, Insulators for overhead lines - Composite suspension and tension insulators for a.c. systems with
a nominal voltage > 1 000 V - Definitions, test methods and acceptance criteria (JEC 61109)

N 61232, Aluminium-clad steel wires for electrical purposes (IEC 61232, mod.)
N 61284:1997, Overhead lines — Requirements and tests for fittings (IEC 61284:1997)

N 61325, Insulators for overhead lines with a nominal voltage above 1 kV — Ceramic or glass insulator units
for d.c. systems — Definitions, test methods and acceptance criteria (IJEC 61329)

N 61773, Overhead lines — Testing of foundations for structures (JEC 61773)

N 61952, Insulators for overhead lines - Composite line post insulators for A.C. systems with a nominal
voltage > 1 000 V - Definitions, test methods and acceptance criteria (JEC 61952)

EN 62271-102:2002, High-voltage switchgear and controlgear — Part 102: Alternating current disconnectors
and earthing switches (JEC 62271-102:2001 + corrigendum April 2002 + corrigendum May 2003)

EN ISO 898-1:1999, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: Bolts,
screws and studs (1ISO 898-1:1999)
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EN ISO 1461:1999, Hot dip galvanized coatings on fabricated iron and steel articles — Specifications and test
methods (ISO 1461:1999)

HD 578 S1 (4, Characteristics of indoor and outdoor post insulators for systems with nominal voltages
greater than 1 kV (IEC 60273)

IEC 60050-811, International Electrotechnical Vocabulary (IEV) — Chapter 811: Electric traction

IEC/TR 61245, Artificial pollution tests on high-voltage insulators to be used on d.c. systems

3 Terms, definitions, symbols and abbreviated terms

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

3.1 Systems

3141

contact line system

support network for supplying electrical energy from substations to electrically powered traction units, which
covers overhead contact line systems and conductor rail systems; the electrical limits of the system are the
feeding point and the contact point to the current collector

NOTE The mechanical system may comprise

— the contact line,

— structures and foundations,

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

— tensioning devices,

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

— any other equipment necessary for operating the contact line,
— conductors connected permanently to the contact line for supply of other electrical equipment such as lights, signal operation,

point control and point heating.

3.1.2
contact line
conductor system for supplying traction units with electrical energy via current-collection equipment

NOTE This includes all current-collecting conductors and conducting rails or bars, including the following:

— reinforcing feeders;

—  cross-track feeders;

— disconnectors;

—  section insulators;

—  over-voltage protection devices;

— supports that are not insulated from the conductors;
— insulators connected to live parts;

but excluding other conductors, such as the following:

— along-track feeders;

— earth wires and return conductors.
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313
overhead contact line system
contact line system using an overhead contact line to supply current for use by traction units

314

overhead contact line

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

3.1.5
conductor rail system
contact line system using a conductor rail for current collection

3.1.6

overhead conductor rail

rigid overhead contact line, of simple or composite section, mounted above or beside the upper limit of the
vehicle gauge, supplying traction units with electrical energy via roof-mounted current collection equipment

31.7
conductor rail
contact line made of a rigid metallic section or rail, mounted on insulators located near the running rails

3.1.8

supporting assembly

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

3.1.9
static load gauge
maximum cross-sectional profile of the vehicles using the railway line

3.1.10
kinematic load gauge
static load gauge enlarged to allow for dynamic movements of the vehicle, e.g. suspension travel and bounce

3.1.11
kinematic envelope
kinematic load gauge further enlarged to allow for possible tolerances in the position of the track

3.1.12

swept envelope

kinematic envelope enlarged to allow for centre and end throw of the vehicles on horizontal and vertical
curves

3.1.13
tensioning device
device to maintain the tension of conductors within the system design parameters

3.1.14
urban mass transportation system
light rail, trolleybus and tramway system, operating in urban areas, excluding heavy rail systems

3.2 Conductors

3.21

along-track feeder

overhead conductor mounted on the same structure as the overhead contact line to supply successive
feeding points
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3.2.2

reinforcing feeder

overhead conductor mounted adjacent to the overhead contact line, and directly connected to it at frequent
intervals, in order to increase the effective cross sectional area of the overhead contact line

3.3 Electrical

3.31
nominal voltage
voltage by which an installation or part of an installation is designated

NOTE The voltage of the contact line may differ from the nominal voltage by a quantity within permitted tolerances given in EN 50163

3.3.2

feeding section

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

3.3.3

fault current

maximum current passed through the overhead contact line system under fault conditions between live
equipment and earth, within a short defined time period

3.34

short-circuit

accidental or intentional conductive path between two or more points in a circuit forcing the voltages between
these points to be relatively low. Any such conductive path whether between conductors or between
conductor and earth is regarded as a short-circuit

3.3.5
short-circuit current
electric current flowing through the short-circuit

3.3.6

continuous current rating

permanent rated current carrying capacity of the overhead contact line within the system operating
parameters

3.3.7
feeding point
point at which the feeding system is connected to the contact line

3.3.8

isolation

disconnection of a section of overhead contact line from the source of electrical energy, either in an
emergency or to facilitate maintenance

3.4 Geometrical

3.41
tension length
length of overhead contact line between two terminating points

3.4.2

gradient

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
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343

contact wire height

distance from the top of the rail (or road surface for overhead contact line system for trolleybus applications)
to the lower face of the contact wire, measured perpendicular to the track

344

minimum contact wire height

minimum value of the contact wire height in the span in order to avoid the arcing between one or more
contact wires and the vehicles in all conditions

3.4.5

minimum design contact wire height

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

3.4.6
nominal contact wire height
nominal value of the contact wire height at a support in the normal conditions

3.4.7
maximum contact wire height
maximum possible contact wire height which the pantograph is required to reach, in all conditions

3.4.8

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

3.4.9
contact wire uplift
vertical upward movement of the contact wire due to the force produced from the pantograph

3.5 Foundations

3.5.1
gravity foundation
shallow foundation installed by excavation and backfilling

3.5.2

pile foundation

foundation which is flexible enough to show both rotation and deformations in the pile element itself subjected
to horizontal loading or overturning moments. The cross section may be circular or non-circular and it is
installed by boring and/or ramming

3.53

sidebearing foundation

relatively short, rigid foundation installed by excavation or boring which is subjected to horizontal loading or
overturning moments. The cross section may be circular or rectangular
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3.6 Symbols and abbreviated terms
Ains projected area of an insulator
Ak characteristic value of accidental actions
Ajat effective area of the elements of a lattice structure
Astr projected area of a structure

AACSR  Aluminium alloy conductor steel reinforced

ACSR Aluminium conductor steel reinforced

a.c. alternating current

C compression amplitude for dropper test

Cc drag factor of a conductor

Cins drag factor for insulators

Clat drag factor for lattice structures

Csir drag factor of a structure

d.c. direct current

Eyq total design value of actions

EMI electromagnetic interference

EMC electromagnetic compatibility

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

Fy characteristic value of an action

an internal force for dropper test

Frnax maximum or failure force for test specimens
From nominal force

Fperm.op- permissible operating force

Fy permissible tensile loading of stranded conductors & ropes
Ge structural response factor for conductors

Gins structural resonance factor for insulator sets

Gk characteristic value of permanent actions

Glat structural resonance factor for lattice structures

Gq gust response factor

Gsir structural resonance factor for a structure

Gy terrain factor

2K characteristic ice loads

Mgy, My, design bending moments

Ngax internal axial force of an element

n safety factor for calculating the permissible loading in wires

OCS overhead contact line system

OCL overhead contact line

Porim externally applied heat

Ock conductor tensile forces depending on the temperatures and climate related loads Documents
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Ry 0.2 min
u

Ve

Vr

Yw

Xq

X

o

D
A
e
¥
16

characteristic ice load

characteristic value of variable actions
construction and maintenance loads

wind load

wind load on conductors

wind load on lattice structures

wind load on structures

characteristic dynamic wind pressure

axial resistance under tension or compression
design bending resistances

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

variation in elasticity (also named ‘degree of non-uniformity’)
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 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: BS EN 50119:2009+A1:2013
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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 this clause. In particular the integration of the
overhead contact line design with the corresponding features of other interconnected systems, e.g. the power
supply system and the traction system, shall be considered.

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

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 with the
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/traction units to be employed,

— the future performance capability to be anticipated and allowed for in the design, including any
allowances for over speeding,

— the type and frequency of electrically hauled trains,
— the line speed for main and station tracks,
— track gradient profile and location of the route; including turnouts and transitions,

— type of turnouts.

4.3 Electrical power system design

The overhead contact line system design shall be based upon the consideration of the electrical
characteristics of the power supply system design, including

— nominal voltage and frequency, in accordance with ,

— short-circuit current details,

— required current rating,

— required impedance for a.c. systems where stated,

— required resistance for d.c. systems where stated,

— proposed feeding system,

— proposed return system,

— earthing and stray current protection in accordance with EN 50122-1 and EN 50122-2,
— requirements to mitigate EMI and facilitate EMC in accordance with ,

— requirements for over-voltage protection.

For urban mass transportation systems the short-circuit current details are not required.
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4.4 Vehicle characteristics
The overhead contact line system design shall consider clearances for all vehicle types to be used on the
line. In particular the following shall be determined:

a) the static and kinematic load gauge, kinematic envelope and the swept envelope as well as any national
or international requirements for structural clearances;

b) the 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 EN 50206-1:1998 and EN 50206-2:1999,
3.2.6 and 3.2.7,

b) number of contact strips, the type of material and the spacing,

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

e) mean contact force at maximum line speed,

f)  working width of the current collector head,

g) working range and housed height,

h) controlled height positions,

i) mathematical model of dynamic characteristics,

j) skew of current collector head,

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

NOTE Specific requirements for pantographs for interoperable lines are given in EN 50367.

4.6 Environmental conditions

For environmental conditions refer to EN 50125-4.

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 to allow for the electrical characteristics defined in 4.2
and 4.3. The design shall include the return circuit and feeder connections and shall consider short-circuit
faults.
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5.1.2 Temperature rise in conductors

The overhead contact line system shall be designed to allow for the electrical load defined by the system
design, including return circuit and feeder connections, under all environmental operating conditions defined
in EN 50125-2.

The maximum temperature rise in the conductors, due to load currents, shall not lead to conductor
temperatures at which the mechanical properties of the material are unduly impaired. See also 7.3 and 7.4.

The temperature rise caused by current heating shall be used in addition to the ambient temperature and
solar gain in determining 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 pantograph current at standstill.

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

Table 1 — Temperature limits for material mechanical properties

Temperatures in degree Celsius

Material Temperature
Upto1ls Up to 30 min Permanent
(short-circuit current) ((pantograph standstill)| (operating condition)
Normal and high strength 170 120 80
copper with high conductivity
Silver copper alloy 200 150 100
Tin copper alloys 170 130 100
Magnesium copper alloys / 170 130 100
bronze
(0,2)
Magnesium copper alloys / 200 150 100
bronze
(0,5)
Aluminium alloys 130 - 80
ACSR / AACSR 160 - 80

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

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

— the heating caused by the environmental conditions;

— the radiant heat emitted from the conductor;

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

The values of the environmental parameters (ambient temperature, wind speed and temperature rise caused
by solar gain) shall be given in the purchaser specification.

NOTE A wind speed of 1 m/s is often used for this calculation.
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The temperature of the contact wire at the interface with the contact strips shall not exceed the appropriate
value given in Table 1.

5.1.3 Clearances between live parts of contact lines and earth

The recommended air clearances between earth and the live parts of the overhead contact line system are
stated in Table 2.

Table 2 — Electrical clearances
Dimensions in millimetres

Voltage Recommended clearances

Static Dynamic
d.c. 600V @ 100 50
d.c. 750 V 100 50
d.c. 1,5kV 100 50
d.c. 3,0 kV 150 50
a.c. 15kV 150 100
a.c. 25 kV 270 150
@  Only for existing systems.

Different clearances for “static” and “dynamic” cases are justifiable by probabilistic determinations. For
example, it is improbable that an over-voltage surge will occur at the same moment that a pantograph passes
a narrow part of a tunnel. For this “dynamic” or temporary case, the use of a dynamic clearance is justified.

The values in Table 2 do not apply to section insulators where lower values may be applied to ensure
acceptable dynamic performance of the pantograph and overhead contact line system. Refer to EN 50122-1
for values of reduced electrical clearances for section insulators.

The clearance values given in Table 2 may be reduced or increased depending on various parameters, e.g.

absolute humidity, the ambient temperature range, air pressure, pollution, relative air density, shape and
material for both energised and earthed structures (refer to EN 50125-2). Each case, however, shall be

considered individually.

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

In areas where over-voltage can occur due to lightning, surge arrestors or other means should be used if the
electrical clearances to earthed structures are not sufficient to avoid flashovers.

5.1.4 Clearances between adjacent live a.c. 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 feeder line and all live
parts connected to the overhead contact line.

For single phase a.c. systems, the phase difference between 120° 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
a.c. contact line system of differing phases.
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Table 3 — Clearance between differing phases

Nominal Phase Relative Recommended clearance
voltage difference voltage Static Dynamic
kV degrees kV mm mm
15 120 26 260 175
15 180 30 300 200
25 120 43,3 400 230
25 180 50 540 300

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 current collection systems

5.21 General

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

The performance of the overhead contact line and pantograph should consider geometric and static
characteristics. Dynamic behaviour can be predicted in the design phase by computer simulation and verified
on the installed overhead contact line system with measurements. The simulation programs shall be
validated in accordance with EN 50318. The measurements shall be undertaken in accordance with
EN 50317.

For a train with multiple pantographs, the performance of each pantograph both separately and with the
pantographs used collectively shall be assessed.

For urban mass transportation systems the dynamic behaviour need not be considered.

NOTE Technical criteria for the interaction between pantograph and overhead contact line to achieve free access to rail infrastructure
are given in EN 50367.

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. 41l These values describe the variation u:

MZMXIOO [%]
e +e

max 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:

— number of contact and catenary wires;

— tension of contact and catenary wires; Documents
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— span length;
— use of stitch wires;
— type of support;

— type, number and the position of droppers.
If dynamic simulations are not undertaken, elasticity and variation may be specified by the purchaser.

The elasticity should normally be calculated with a value of force equal to either the mean contact force at
maximum speed or double the static contact force.

5.2.3 Vertical movement of contact point
The contact point is the point of the mechanical contact between a 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 as specified by the purchaser.

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 and the longest span length.

This need not be verified for overlap spans or for spans over switches.

5.2.4 Wave propagation velocity

Waves caused by pantograph forces on the contact wire(s) have a propagation velocity. The overhead
contact line shall be designed to ensure that the operational speed of the line is less than 70 % of the wave
propagation velocity, V. of the contact wire.

p oo |

S

where

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

For urban mass transportation systems the calculation of the wave propagation velocity may be omitted.
5.2.5 Quality of current collection

5.2.5.1 General

Pantographs and overhead contact lines 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

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

— current flow,

— contact areas and the number of contact strips, Documents
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— material of contact strips and contact wire,

— speed of the train, the number of pantographs in operation and the distances between them,
— geometry of the contact line,

— environmental conditions,

— elasticity and their uniformity,

— contact wire tensile load,

— pantograph design and contact force.

5.2.5.2 Contact forces

Overhead contact line equipment shall be designed to accept maximum permissible contact forces between
the pantograph and the contact wire. The aerodynamic effects which occur at the maximum permissible
speed of the vehicle shall be taken into account.

The minimum contact force shall be positive to ensure that there is no loss of contact between the
pantograph and the overhead contact line.

Force values vary with different combinations of pantographs and overhead contact systems. The simulated
or measured values of contact forces between the contact wire and contact strip shall not exceed the range
given in Table 4.

Where contact forces are used to define the current collection, the mean value and standard deviation of
contact force shall be the criteria for current collection quality.

The mean contact force plus three standard deviations shall be equal to or smaller than the maximum value
in Table 4. The mean contact force minus three standard deviations shall be positive.

Table 4 — Contact force

System Speed Contact force
Maximum Minimum
km/h N N
a.c. <200 300 >0
a.c. > 200 350 >0
d.c. <200 300 >0
d.c. > 200 400 >0

For rigid components such as section insulators in overhead contact line systems up to 200 km/h the contact
force can increase up to a maximum of 350 N.

For urban mass transportation systems the dynamic behaviour need not be considered. In this case the static
contact force shall be at least 60 N. For trolleybus systems the values are specified in 5.13.5.

NOTE Requirements for contact forces for interoperable lines are given in EN 50367.

5.2.5.3 Loss of contact
A high quality of current collection is achieved through continuous mechanical contact between the contact

wire and contact strip. If this contact is interrupted, arcing occurs which increases wear on the contact wire
and contact strip.
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Where loss of contact is used to define the current collection, the frequency and duration of arcing shall be
the criteria for the current collection quality. Where these criteria are used, parameters and assessment of
tests shall be selected in accordance with the purchaser specification.

NOTE Requirements for interoperable lines are given in EN 50367
5.3 Mechanical design of contact wire loads

5.3.1 Permissible tensile stress o,

The maximum permissible working tensile stress g, of a contact wire depends on the parameters defined in
5.3.2 t0 5.3.7. All of these parameters shall be weighted with an individual factor. The minimum tensile failing
stress onin of the contact wire shall be multiplied by the product of these factors and a safety factor n not
greater than 0,65 to get the maximum permissible working tensile stress.

The values in Table 5 and Table 7 may be interpolated.

The maximum permissible working tensile stress to be applied to unworn contact wire shall be determined
using the following equation:

o,=0,,XnxK_ XK XK K

temp wear icewind

XK o XK

clamp X joint
5.3.2 Maximum temperature Kiemp
The tensile strength and creep behaviour of contact wires depends 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 is given in Table 5.

Table 5 — Factor Ki.m, for contact wires

Contact wire material Kiemp
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 1,0 1,0
Cu-Mg 1,0 1,0

For maximum working temperatures above 100 °C the reduction of conductor strength over the life of the
wire shall be determined by type tests. The factor Ki.mp shall be adjusted according to the residual strength of
the wire.

NOTE Not withstanding 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.
Kyear=1-=X

where

X is the permissible wear in percent / 100.
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5.3.4 Wind and ice loads Kicewing
The effect of wind and ice loads on maximum contact wire tensile strength depends on the design of

overhead contact lines. The factor Kj.in¢ depends on the wind and ice loads and the type of the overhead
contact line and is set out in Table 6.

Table 6 — Factor Kic.wing fOor contact wires

Type of overhead contact line Wind and ice load Wind load
Contact and catenary wire automatically tensioned 0,95 1,00
Contact wire automatically tensioned and catenary 0,90 0,95
wire fixed termination
Single contact wire automatically tensioned 0,90 0,95
Contact and catenary wire fixed termination 0,70 0,80

5.3.5 Efficiency of tensioning devices K.

The efficiency of tensioning devices is considered by the factor K. For the normal design and installation of
tensioning devices, K. is assumed to be equal to the efficiency specified and proven by the supplier.

Where fixed terminations are used, K shall be equal to 1,0.

5.3.6 Termination fittings K¢jamp

The effect of termination fittings is considered by the factor K .m, which shall be equal to 1,00 if the clamping
force is equal to or greater than 95 % of the contact wire tensile strength. Otherwise, Kyamp shall be equal to
the ratio of the clamping force to the tensile strength.

5.3.7 Joints Kjoint

The effect of joints is considered by the factor Ky This shall be equal to 1,00 if no joints are adopted.
Otherwise, Kj,int shall be equal to the ratio of the tensile strength of joints to the higher calculated rated tensile
strength of contact wire. The minimum tensile strength of the joint shall be in accordance with EN 50149.

5.4 Mechanical design of catenary wire loads

5.41 Permissible tensile loading F,,

The maximum permissible working tensile load of catenary wire depends on the parameters defined in 5.4.2
to 5.4.7. All of these parameters shall be weighted with an individual factor. The minimum breaking load Fgmin
of the catenary wire shall be multiplied by the product of these factors and a factor n not greater than 0,65 to
get the maximum permissible working tensile load.

The maximum permissible working tensile load shall be determined from:

xnxK XK

FW = FBmin temp wind X Kice X Keff XK X Kload

clamp

5.4.2 Maximum temperature Kiemp
The factor Kiemp is assumed to 1,0 as long as the maximum working temperature does not exceed the values

in Table 1. At higher working temperatures, the factor shall be reduced in accordance with the possible
reduction in per cent of the tensile strength.
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Table 7 — Factor Ki.m, for stranded conductors

Stranded wire type Kiemp
For max. temperature < 80 °C For max. temperature = 100 °C
Cu 1,0 0,8
Al-alloy 1,0 0,8
Cu Ag 1,0 1,0
Cu-Sn 0,4 1,0 1,0
Cu-Mg / Steel 1,0 1,0
ACSR /AACSR 1,0 0,8

For maximum working temperatures above 100 °C the reduction of conductor strength over the life of the
wire shall be determined by type tests. The factor Kimp shall be adjusted according to the residual strength of

the wire.

5.4.3 Wind loads Kying

Wind load is defined by a factor K¢ Which depends on the wind speed as defined in Table 8.

Table 8 — Factor K4 for stranded conductors

Type of termination

Kwind

Wind speed <100 km/h

Wind speed > 100 km/h

Automatically tensioned

1,00

0,95

Fixed termination

0,95

0,90

5.4.4 Ice loads K.

The effect of ice loads shall be considered when determining the maximum working load of the stranded

wire. The factor K., depends on the type of termination as specified in Table 9.

Table 9 — Factor K;.. for stranded conductors

Type of termination Kice
Automatically tensioned 1,00
Fixed termination 0,95

5.4.5 Automatic tensioning accuracy and efficiency K.

Automatic tensioning accuracy and efficiency is considered by the factor K. For the normal design and

installation of tensioning devices, K¢ shall be equal to the efficiency specified and proven by the supplier.

Where fixed terminations are used, K shall be equal to 1,0.

5.4.6 Termination fittings K¢jamp

%) The effect of termination fittings is considered by the factor Kgamp Which shall be equal to 1,00 if the
clamping force is equal or more than 95 % of the calculated rated tensile strength Otherwis
equal to the ratio of the clamping force to the calculated rated tensile strength. &l
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5.4.7 Additional vertical load Ky.q

The effect of vertical loads acting on catenaries is considered by the factor K,,.4 equal to 0,8. For catenary
wires without loads acting the factor Kj,,4 shall be equal to 1,0.

NOTE Dropper loads are not included in consideration of the factor Kjgaq-

5.5 Mechanical design of other stranded conductor loads

For stranded conductors, other than catenary wires, the requirements of 5.4.1 to 5.4.7 shall only apply if the
working load exceeds 40 % of the calculated breaking load of the stranded conductor.

5.6 Mechanical design of solid wire loads

Solid wires in overhead contact line systems other than contact wires shall not be loaded over 40 % of the
minimum breaking load.

5.7 Mechanical design of ropes of non-conducting materials

5.71 General
Ropes formed from non-conducting materials may be used only up to their calculated working load. Particular
attention shall be given to shearing loads, bending radius, termination arrangement and elongation. These

requirements apply to ropes which are made from synthetic fibres and have an external synthetic sheath to
protect the fibres. Refer to EN 50345 for further details.

5.7.2 Permissible tensile loading F,,
The permissible tensile load of a rope shall be weighted with an individual factor (refer to 5.7.3 to 5.7.7). The
minimum breaking load Fg,;, of the combined fibres shall be multiplied by the product of these factors and a
factor n not greater than 0,45 to get the maximum permissible working tensile load.
The maximum permissible working tensile load shall be determined from
Fy = Fgmin X 1 X Kying X Kice X Kclamp X Kioad X Kradius
5.7.3 Wind loads Kying
Wind load is considered by the factor K,;,q depending on the wind speed:

Kying = 1,00 for wind speed < 100 km/h;

Kying = 0,90 for wind speed > 100 km/h.

5.7.4 Ice loads Kijc.

The effects of ice loads shall be taken into consideration:
Kice =0,95.

5.7.5 Termination clamps Kjamp

The effect of termination fittings shall be considered by the factor Kjamp:
Kaamp = 1,00 for cone end termination fittings;

Kamp = 0,80 for other kinds.
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5.7.6 Vertical loads Kyaq
The effect of vertical loading shall be considered using the factor Koaq:
Kioaq = 0,7 when vertical loads attached;

Kioaq = 1,0 without loads attached.

NOTE Examples of vertical loads to be considered are direction indicators or feeding cables for traffic lights or for the overhead
contact line.

5.7.7 Minimum bending radius K ,qiys

The effect of the radius on the ropes shall be considered by the factor K,.q4i,s according to Table 10.

Table 10 — Factor K, ,q,s for ropes of non-conducting materials

Bending radius r K adius
m
rz1 1
05<r<1 0,9
02<r<0,5 0,8
01<r<02 0,7
r<0,1 0,5

5.8 Suspension systems

Automatically tensioned equipment shall be suspended from supports which allow longitudinal movement.
Fixed termination equipment may be supported from fixed supports. Where line speeds are greater than
100 km/h or where high operational currents demand it, a catenary wire type suspension should be used.

5.9 Tensioning systems

The tensions in the contact and catenary wires shall be maintained within the system design parameters. To
ensure satisfactory current collection for speeds above 100 km/h, the contact wires shall be automatically
tensioned. The catenary wires shall also be automatically tensioned when the system parameters demand it.

For speeds above 225 km/h both catenary and contact wires shall be automatically tensioned separately.

For automatically tensioned equipment, local tension in the overhead contact line can vary, due to the effect
of along track movement of registration arms or cantilever frames. The maximum acceptable variation of
tension in the overhead contact line shall be considered.

5.10 Geometry of overhead equipment

5.10.1 Horizontal deflection of contact wire

Under defined environmental conditions and mechanical tolerances, the horizontal deflection of the contact
wire and the pantograph shall be such that it is not possible for the contact wire to slide off the pantograph
head unless specifically designed to do so at contact wire takeover points. A minimum stagger value shall be
specified for each project, in order to maintain adequate mechanical clearances and to minimise wear of
contact wire and pantograph strip. Under normal operational conditions, the contact wire shall be contained
within the pantograph working width.
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Wind force on conductors shall be assessed and the resulting maximum cross track deflection determined in
either direction. Assessment of the wind force on individual conductors shall be in accordance either with
Clause 6, for individual spans, or applying special national conditions where applicable.

For calculation of deflection of the contact wire, wind forces shall be applied to the contact and catenary
wires. Dropper wires may also be considered.

The resulting contact wire movement, together with the structure deflection, shall result in contact wire
deviation within the maximum values permitted by the system design when added to the contact wire stagger
in still air at any point along track.

Mechanical and electrical clearances of conductors to other parts of the railway infrastructure, when subject
to wind, shall similarly be verified.

5.10.2 Uplift

The design uplift of the contact wire at the support, for the maximum span length under normal operating
conditions, shall be determined or evaluated by calculation, simulation or measurement. The space for free
and unrestricted uplift of the contact wire at the support shall be a minimum of twice the design uplift. If
restrictions to uplift of the contact wire are included in the design, a figure not lower than 1,5 shall be used.

5.10.3 Variation in contact wire height
If, due to local conditions, e.g. bridges, a variation in contact wire height is necessary, this shall be achieved

with as small a gradient as possible. Design values for gradient and changes of gradient shall not exceed the
values set out in Table 11 as a function of speed.

Table 11 — Contact wire gradients

Speed up to Maximum gradient Maximum change of gradient
km/h %o %0
50 1/40 25 1/40 25
60 1/50 20 1/100 10
100 1/167 6 1/333 3
120 1/250 4 1/500 2
160 1/300 3,3 1/600 1,7
200 1/500 2 1/1 000 1
250 1/1 000 1 1/2 000 0,5
> 250 0 0 0 0

5.10.4 Minimum contact wire height

The minimum contact wire height shall always be greater than the swept envelope, also taking into
consideration the electrical clearance in air and the minimum working height of the pantograph, to avoid
arcing between the contact wire and the earthed parts of vehicles.

See Figure 1 for the relationship between contact wire heights and pantograph working heights.
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