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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS — CURRENT COLLECTION SYSTEMS -

VALIDATION OF SIMULATION OF THE DYNAMIC INTERACTIO
BETWEEN PANTOGRAPH AND OVERHEAD CONTACT LINE

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
all natignal electrotechnical committees (IEC National Committees). The object of IEC is to promote if
co-opetfation on all questions concerning standardization in the electrical and electronic fields. (Ti0.tH
in additlon to other activities, IEC publishes International Standards, Technical Specifications, Technid
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication
prepardtion is entrusted to technical committees; any IEC National Committee interested ih‘the subjed
may pafticipate in this preparatory work. International, governmental and non-governmental organizati
with thg IEC also participate in this preparation. IEC collaborates closely with the International Orga
Standatdization (ISO) in accordance with conditions determined by agreement betiveen the two orga

The forfnal decisions or agreements of IEC on technical matters express, as nearly as possible, an if
consengus of opinion on the relevant subjects since each technical committee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international, use and are accepted by IH
Commiftees in that sense. While all reasonable efforts are madeto,'ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible forsthe/way in which they are used
misintefpretation by any end user.

In order to promote international uniformity, IEC NationalK€ommittees undertake to apply IEC H
transpafently to the maximum extent possible in their national and regional publications. Any divergen
any IEQ Publication and the corresponding national or regional publication shall be clearly indicated i

IEC its¢lf does not provide any attestation of confarmity. Independent certification bodies provide
assessinent services and, in some areas, access/to IEC marks of conformity. IEC is not responsi
service$ carried out by independent certification bodies.

All userns should ensure that they have the latest edition of this publication.

No liabllity shall attach to IEC or its direCtors, employees, servants or agents including individual ¢
membefs of its technical committees-and’IEC National Committees for any personal injury, property
other damage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publications.

Attentign is drawn to the/Normative references cited in this publication. Use of the referenced puj
indispefpsable for the carrect application of this publication.

IEC draws attentiopyte“the possibility that the implementation of this document may involve the
patent($). IEC takes‘no position concerning the evidence, validity or applicability of any claimed patd
respect|thereof."As.of the date of publication of this document, IEC had not received notice of (a) pate
may be|required to implement this document. However, implementers are cautioned that this may nd
the latgst infermation, which may be obtained from the patent database available at https://patents.
shall nj? béheld responsible for identifying any or all such patent rights.
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IEC 63453 has been prepared by IEC technical committee 9: Electrical equipment and systems
for railways. It is an International Standard.

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

Draft Report on voting

9/3145/FDIS 9/3163/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.
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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 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.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=ce52b68b6a2bc6896a95ee7e6fc59d2d

-8 - IEC 63453:2025 © IEC 2025

RAILWAY APPLICATIONS — CURRENT COLLECTION SYSTEMS -
VALIDATION OF SIMULATION OF THE DYNAMIC INTERACTION

BETWEEN PANTOGRAPH AND OVERHEAD CONTACT LINE

1 Scope

Simulation techniques are used to assess the dynamic interaction between overhead contact
lines and pantographs, as part of the prediction of current collection quality. This document

specifies

functional requirements for the validation of such simulation tools to ensure

confiden

e in, and mutual acceptance of the results of the simulations.

This dociiment deals with:

— input
— comp
— validg
- comp

— limits

This doc
mounted

and output parameters of the simulation;

tion of pantograph models;
prison between different simulation tools;
of application of validated methods to assessments of pantographs and

conta[t lines.

ment applies to the current collection from.an overhead contact line by par
on railway vehicles. It does not apply to trolley bus systems.

2 Normative references

The follo

ving documents are referred to\n the text in such a way that some or all of the

brison with line test measurements, and the characteristics of‘those line tests;

bverhead

tographs

r content

constitutes requirements of this docutment. For dated references, only the edition cited applies.
For undEted references, the fatest edition of the referenced document (incluging any
amendments) applies.

IEC 60494-1:2013, Railway’ applications — Rolling stock — Pantographs — Characteristics and
tests — Pprt 1: Pantographs for main line vehicles

IEC 60913:2024,(Railway applications — Fixed installations — Electric traction overhead contact
line systems

IEC 628462016, Railway applications = Current collection systems — Requirement!

5 for and

validation of measurements of the dynamic interaction between pantograph and overhead

contact li

ne

IEC 62486:2017, Railway applications — Current collection systems — Technical criteria for the
interaction between pantograph and overhead contactline (to achieve free access)
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3 Terms and definitions
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 |ISO Online browsing platform: available at https://www.iso.org/obp

3.1

contact point
<forap i i W Fip and a
contact wire

3.2
contact force
F
<for a paptograph> vertical force applied by a pantograph to the overhead contact lin

(4

Note 1 to eptry: The contact force is the sum of forces of all contact points of. one pantograph.

3.3
static contact force
vertical fprce exerted upward by the collector head on“the overhead contact line dystem at
standstill

[SOURCE: IEC 60494-1:2013, 3.3.5]

3.4

aerodynafmic force

additionall vertical force applied by the_pantograph as a result of air flow around the pgntograph
assembly

3.5

mean contact force

Fm

statistical| mean value 0f the contact force

Note 1 to eptry: FEm‘is’formed by the static and aerodynamic components of the pantograph contact forge.

[SOURCE:JEC 62486:2017, 3.11]

3.6

standard deviation

<of contact force> square root of the sum of the squared sample variance divided by the number
of output values minus 1

3.7

skewness

sk

parameter that quantifies the symmetry of the shape of a data distribution
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2 (1
[Z(F—Fm ]

3.8

excess of kurtosis
ek
parametir that quantifies whether the shape of the data distribution matches thé-({Gaussian
distributipn

22 2)
[Z(F_:m) ]

3.9
minimum contact force
minimum|value of the contact force while the pantograph passes over the analysis seftion

3.10
maximurm contact force
maximum value of the contact force wWhile the pantograph passes over the analysis sgction

3.1
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 tyo or more
pantographs are connegcted electrically each other, arc will immediately disappear and then the condition|will shift to
"current logs".

[SOURCE: IEC)62486:2017, 3.22]

3.12

simulation method

numerical method that uses a fixed set of input parameters describing a system (e.g.
pantograph and overhead contact line system) to calculate a set of output values representative
of the dynamic behaviour of this system

3.13
simulation tool
software implementing one or more simulation methods

3.14

pantograph model

mathematical model in a one- or more-dimensional geometry describing the dynamic
characteristics of the pantograph
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3.15

mass-spring—damper model
lumped parameter model

method representing a dynamic mechanical system (e.g. pantograph) as a series of discrete
concentrated masses connected together by spring and damper elements

3.16

transfer function
<of a pantograph> ratio of an applied input on pantograph head to the response of the
pantograph, depending on frequency

3.17

apparent
<of a par
resulting

3.18

hardware in the loop

hybrid m
interactin

3.19

multi-bo
method r
rigid or fl

3.20

pantogr
part of th
suspensi

pantogr1ph head

[SOURC

3.21

overhea
mathem
an overh

3.22

—-Rass

tograph> transfer function describing the relation between applied contaéti
acceleration at the contact point for the frequency range of interest

bthod (simulation and dynamic laboratory test), where a realpantograph
g with a simulation model of the overhead contact line

dy model
bpresenting a dynamic mechanical system (e.g.pantograph) based on interc
exible bodies

ph pan
pantograph comprising the conta¢t strips and their mountings, horns and p
o]l

E: IEC 60050-811:2017, 841~32-05]

contact line model
tical model in a two- or three-dimensional geometry describing the characté
bad contact lihe for interaction with pantographs

compou
overhead
wire whio

d catenary

orce and

responds

pnnected

ossibly a

ristics of

essenger

[SOURCE: IEC 60050-811:2017, 811-33-12 modified: catenary wire to messenger wire,
deleted: equipment]

3.23

messenger wire
longitudinal cable supporting the contact wire or wires either directly or indirectly

[SOURCE: IEC 60050-811:2017, 811-33-06, deleted: catenary wire]

3.24

wave propagation velocity
<of the contact wire> speed of a transversal wave, which runs along the contact wire
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3.25

contact wire height

distance from the top of the rail to the lower face of the contact wire at rest position without
pantograph contacted

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

[SOURCE: IEC 60050-811:2017, 811-33-62 modified; added: at rest position; deleted: (or road
surface for overhead contact line system for trolleybus applications)]

3.26
maximum uplift at the support
maximum value of the vertical uplift of the contact wire at a support

3.27
analysis|section
subset of the total overhead contact line model length over which the 'simulatioh will be
evaluated

3.28
frequengy range of interest
frequency range within which the dynamic performance of the overhead contact|line and
pantograph system is considered

Note 1 to entry: For validation with measurements this range cortelates with the frequency range|defined in
IEC 62846,

3.29
dynamic|interaction
behaviour between pantograph(s) and overhead contact line when in contact, des¢ribed by
contact fprces and vertical displacements_of‘contact point(s)

3.30
frequengy band analysis
analysis |nside a frequency range’of interest using subranges of frequencies to study special
topics

3.31
elasticity of overhead-\contact line
uplift divided by the force applied to the contact wire in a static state

3.32
range of|vertical position of the point of contact
difference-between-mexdmurmeand-minimum-dyramic-height-ofthe—contactpoint—+etative to the

track, during dynamic interaction between the pantograph and the contact wire

3.33

operation height

vertical distance between actual operating position of the pantograph and pantograph’s housed
height

3.34

active pantograph

pantograph fitted with any type of active control system which enhances or alters its dynamic
response
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4 Symbols and abbreviated terms

For the purpose of this document, the following symbols and abbreviated terms apply.

Abbreviated

terms:

AC

CT
CwW

Pertaining to alternating electric quantities such as voltage or current, to
devices operated with these, or to quantities associated with these devices

Centre of the track
Contact wire

CWH
CW1H
CW2H
DC

FFT
HIL
MT
MW
Mxx
OCL
ROCL
SDx
STx
SwW

Lontact wire neignt
Height of contact wire 1
Height of contact wire 2

Pertaining to time-independent electric quantities suc¢h as vo
current, to devices operated with direct voltage and carfent, or to q
associated with these devices

Fast Fourier transformation

Hardware in the loop

Mast type

Messenger wire

Support or mast number

Overhead contact line

Rigid overhead contact ling

Number of dropper to stitch wire

Span type number as-reference to figure span number
Stitch wire

Measured vertical acceleration at the contact point
Simulated vertical acceleration at the contact point
Structural damping matrix

Damping of element n

|

F

applied,meas

F

applied,model

F

m

F
Ji
Jn

Sa

Dropper number

Modulus of elasticity

Elasticity of overhead contact line

Excess of kurtosis of contact force

Contact force

Measured vertical force applied at the contact point

Simulated vertical force applied at the contact point
Mean contact force

Lateral force at steady arm

Actual frequency

Maximum frequency

age or
antities
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Minimum frequency

Stiffness matrix
Stiffness of element n

Dropper length
Dropper length (for CW no. x)
Length of steady arm

Mass matrix

IEC 63453:2025 © IEC 2025

Mapp,modiel

5 General

Apparent mass of the model
Mass of element n

Number of contact force values

Accuracy of the pantograph simulation model
Skewness of contact force

Distance between left mast and dropper no. X
Proportional damping coefficients

Standard deviation of contact force

5.1 Overview of the validation process

The theofetical study of the dynamicinteraction between pantograph and overhead contact line
by computer simulation makes it_possible to obtain much information about the systgdm and to
minimize|the costs of line tests.

To be usé¢d with confidence the simulation tool shall be validated. The validation for a simulation
tool shallfbe done in a process described in Figure 1.

A simulation tool-validated according to this document, shall be considered for appljcation to
overhead contacttine/pantograph combinations and conditions only within the limits ¢f validity

defined in 10(3;

A new validation shall be made when the conditions to apply simulation are outside the
limitations defined in 10.3 for existing validations.
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The validation for a simulation tool shall be done with the steps which are shown in Figure 1.
The steps are:

1) A first validation step shall be done by a "desktop assessment" in accordance with
Clause 11. The most relevant reference model data shall be chosen from the reference
models in Annex A for the conditions for which validation is required.

NOTE 1 This desktop assessment will improve the confidence in the simulation tool. As Annex A cannot cover
all possible solutions and combinations, a choice from this subset is possible.

For validation of simulation tools implemented for new technologies in ways that are totally
different from the current state of the art, and which are not able to use models with the data
according to Annex A, the "desktop assessment" may be omitted.

NOTE Typically, all simulation tools for OCI| from type "Flexible overhead contact line" according to
IEC 600913 can use models with data according to Annex A.

2) The flnal assessment shall be done by a "line test data validation" based onitest results
according to 10.1 to demonstrate the accuracy of simulation according to 10,2.

Annex B provides data sets from line test measurements in accordance with IEC (62846 to
allow(for a validation for a given model within the limitations according“to 10.3.

If the acquracy according to either 10.2 or to 11.4 cannot be achieyé&dj then the simulption tool
shall be improved according to 6.3 for pantograph model adjustments and according o 7.3 for
overhead contact line model before revalidation.
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Start validation
process

Has the simulation tool been

the requested conditions from
subclause 10.3?

validated in accordance with this document with

IEC 63453:2025 © IEC 2025

No

Is the simulation tool usable for

flexible overhead contact line acc. IEC 609137

Yes

Desktop assessment

Y

Perform validation against the
most suitable reference model
according to Clause 11

Do the

simulation results

fall within the acceptable\limits of the
reference modglaccording

to subclause 11.42

No

Yes

Line test datawalidation

Y

Perform validation against
measured line test data

Y

according to subclause 10.1

Are the conditions from

No.

subclause 10.2 fulfilled?

Yes

Validated for conditions

specified according to
subclause 10.3

Y

Improve simulation method
utilising subclause 6.3 and
7.3 and restart validation

IEC

Figure 1 — Evaluation process
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5.2 Typical application

The main purpose of the application of this document is to inform the process for seeking

authoriza

tion for an OCL or pantograph design in the context of dynamic interaction.

Annex C shows examples for an assessment process of the elements OCL and pantograph,
using simulation of interaction in the framework of interoperability.

NOTE 1 Examples in Annex C are derived from the authorization process used in Europe for information.

NOTE 2 Other applications, not related to authorizations (e.g., research, technical development), can require a
different process.

6 Modelling of the pantograph

6.1 Ggneral requirements

A pantog
interactio

Common

e mass

e transfer function models;

e multi-

e physi
The pant

For the
characte

Aerodyna

mean comtact force as a function of speed.

6.2 Input data requirements

6.2.1

Dependir
parametsg

raph model shall describe the dynamic characteristics of a pantograph,
n with overhead contact lines, in the frequency range of interest:

y used pantograph models are:

— spring — damper models (lumped parameter models);

body models;

cal pantographs, when hardware in the loop (HIL) is adopted.

modelling of active pantographs, the characteristics of control and the
istics shall be available.

mic effects on the pantograph shall as a minimum be considered by adju

General

g onthe modelling method and the individual pantograph characteristics, the
rs.appropriate to fully describe the pantograph shall be available for simulat

egarding

pgraph may be modelled with one orymore dimensional geometry, depending on the
phenomena to be investigated.

dynamic

sting the

relevant
on.

These parameters shall take into account other dependencies (operation height, contact wire
height, stagger, nonlinearities, frequency), as required.

Common

parameters of pantographs are:

— kinematics;

— transfer function;

— natural frequencies;

— mass

distribution;

— degree of freedom of joints;

— damp

ing characteristics;

— spring characteristics;

— frictio

n values;
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— stiffness;

— bump stops;

— location of application of the static contact force;
— location of application of the aerodynamic forces.

NOTE Aerodynamic forces usually depend on the running direction of the pantograph, operation height, contact
wire height and position of the pantograph and the type of train and the line conditions as open section/tunnel section.

6.2.2 Mass — spring — damper models (lumped parameter models)

For mass — spring — damper — models (lumped parameter models), the following input is
required:

e mass|values of discrete mass element(s);

o stiffngss characteristics of joints connecting the discrete masses, including any'noplinearity
(if applicable);

e dampijng characteristics of joints connecting the discrete masses, including any noplinearity
(if applicable);

o friction values (if applicable);
e bump|stops (if applicable).

NOTE The¢ number of mass elements are in line with the degree of freedom of the system in the frequency range
of interest.

6.2.3 Multi-body models
For multitbody models, the input set out in 6.2.2 afid the following additional input is fequired:

— definition of all parts of the model including mass distributions, inertia charagteristics,
flexibl|lity (if applicable);

— kinematics, describing transmission(of movements, kinds of joints and their pogition and
limitations (if applicable);

— internjal forces applied to the~system and their application points for springs, dampers and
friction elements.

6.2.4 Transfer function\models

Transfer [function models require as input an analytical definition of the Laplace {ransform
function,|e.g. zera§.and poles affecting the behaviour in the frequency range of| interest,
between the vertical displacement of the contact point and the contact force.

6.2.5 Hardware in the loop

Hardware in the loop uses the pantograph in its final configuration on the test rig. Aerodynamic
effects shall be implemented as an adjusted static contact force.

6.3 Validation of pantograph models

The validation of the pantograph models shall be carried out by comparison of the dynamic
properties of the pantograph model with those of the real pantograph as measured with a
pantograph test rig. The comparison shall be carried out using the same principle as used in
the procedure "Calibration of the measurement system" defined in IEC 62846:2016, 7.5.

The test shall be carried out with the pantograph of interest and with its extension at a typical
height inside of 20 % to 80 % of the working range, as defined in IEC 60494-1. The force shall
be applied centrally to the pantograph head.

The results are usable for 20 % to 80 % of the pantograph working range. Values outside this
range require additional investigations.
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This test shall be carried out at the predicted mean contact force appropriate to the maximum
design speed for the pantograph. The mean contact force shall fulfil the requirements of
IEC 62486:2017, 7.3, for the designated speed.

Measurements of the applied vertical force (F,ppjieq) @nd the resulting vertical acceleration at
the contact point (acp) shall be taken applying sinusoidal excitations for the frequency range of
interest in suitable steps. For comparison and validation purposes the excitation shall be from

0,5 Hz up to 20 Hz in 0,5 Hz steps.

The intervals may be reduced at resonant frequencies.

The amplitude of excitation shall be high enough to overcome the static friction in the
pantograph.

NOTE 1 A range of amplitude of the greater between + 15 % of the mean contact force and £ 20°N ugually gives
representalive results.

Based or] the measurements of the applied force and the acceleration at:ithe contact point, the
measuredl apparent mass (myp, meas) in kilograms shall be determined for the frequerncy range

of interedt:

Fapplied,meas

Mapp.meas = (3)
head,meas

The appdrent mass of the simulation model shall be determined in the same way as fgr the test
rig measyirement based on the values for applied force and resulting acceleration at thie contact
point identified in the simulation environment:

E, applied,model

Mapp.model = (4)
Ghead,model

The appdrent mass-ofithe pantograph model (mgp, moger) Shall be calculated in kilogrgms using
the sam¢ frequencies in the same frequency range as the measurements.

The accuracy,(Q) of the pantograph simulation model shall be calculated by using the|following

d th Hud fth 1 :
formula Based-enthe-magnitudes—-ofthe-apparent-mass:

n—1 log|m i
0=l1- 1 z(fm_fi)»]_M x100 (%) (5)
o= 1 i=1 10g|mapp,meas,i|

For the calculation of Q, frequencies with measured apparent mass below 2 kg shall be
excluded.

NOTE 2 The limit of 2 kg is defined to avoid the denominator approaching zero.

The accuracy Q of the simulation model shall be greater than 90 % for the whole frequency
range 0,5 Hz to 20 Hz and for the band 0,5 Hz to 5 Hz.
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NOTE 3 The accuracy value Q quantifies the differences between test rig measurements and pantograph model in
the shape of the logarithmic curves used to represent the apparent mass. This value does not describe an absolute
accuracy.

Any change in a pantograph component demonstrated to be directly connected to a model
parameter shall be accepted without requiring a new validation of the pantograph model. New
validation of the pantograph model is necessary for all other changes.

NOTE 4 For example, in a mass — spring — damper (lumped mass) model as per Figure A.4, the parameters m, and
k, have equivalents in the real pantograph (mass of pantograph head and the spring constant of its suspension).
Therefore, a new validation of the model is not necessary when either parameters m, or k,, or both, are modified
because of modification of corresponding components of the real pantograph.

A comparison between different pantograph models for the same pantograph may be performed
by comparing the transfer function calculated from the different models.

7 Modelling of the overhead contact line

71 Ggneral requirements

The modgl of the overhead contact line shall describe the dynamic-eharacteristics, fegarding
interactign with pantographs, in the frequency range of interest.

The ovefhead contact line may be modelled with two~%or three-dimensional deometry,
depending on the phenomena to be investigated.

Rigid ovgrhead contact lines (ROCL) have very small'vertical displacements in opergtion. The
validation of these models and interaction simulations is only possible for the contagt force in
direct comparison with the measured results.

NOTE The displacement of a rigid overhead contaetiline during operation is currently not measured with|acceptable
accuracy.

7.2 Ddta requirements

The length of overhead contact line model shall be greater than the analysis section, so that
the passfge of the pantographs is not influenced by initial transients and end effeg¢ts of the
model. To investigate special sections of overhead contact line (e.g. overhead contacflline over
turnouts,| etc.) the length’/of analysis section may be reduced. Depending on the fnodelling
method gnd the individual overhead contact line characteristics, the relevant geometrical and
mechanigal parameters of the overhead contact line shall be available for simulation:

— length of gach span;
— positipnof droppers;

— contact wire height at rest position (sag, dropper length, wire gradients);
— encumbrance at the supports;

— geometry and mass distribution of steady arms;

— stagger and offset of all wires;

— number and types of wires (contact wire, messenger wire, auxiliary messenger wire, stitch
wire, droppers, etc.);

— mass per unit length of each wire or density and cross-section;

— mechanical tension of wires. Where the tension depends on temperature, this relationship
shall be specified;

— section properties and stiffness for the beams of rigid overhead contact line;
— mass of links between wires and droppers (clamps);
— the mechanical characteristics of the supports and structures;


https://iecnorm.com/api/?name=ce52b68b6a2bc6896a95ee7e6fc59d2d

IEC 63453:2025 © IEC 2025 -21 -

— the stiffness characteristic of droppers;

— damping of all components of the overhead contact line or a damping rate of the system, if
available.

NOTE Typical damping rates (ratio of damping vs. critical damping) of overhead contact lines are between 0,05 %
and 0,2 %.

7.3  Static check of overhead contact line model

The usability of the overhead contact line model shall be checked by comparing the results of
a static behaviour calculated with this model with measurements or design calculations.

The outcome of the calculation based on the overhead contact line model in the static condition
shall be [evatuated—to vatidate the Tmpfementednumericacatcutations i the, addressed
simulatiop tool. The following results shall be extracted to evaluate the method:

— static|position of the contact wire at each dropper and at the steady arm;
— elastifity of overhead contact line at the same points;
— dropper length.

The numlerical results shall be compared to reference results ffom Annex A and |Annex B,
measurements or design calculations.

Those regults shall be compared to the numerical model faf 'one span which shall remain within
the accuracy limits given in Table 1.

Table 1 — Required accuracy of,simulated static values

Parameter Required accuracy
Contact wire position #5-mm
Elasticity +0,1 mm/N or + 10 % whichever is greater
Dropper length +10 mm

NOTE 1 :Ihe values in Table 1 are\not applicable to rigid overhead contact line.
NOTE 2 Tlhe ranges for deviation of elasticity is to cover overhead contact lines with high and low tension forces.

This validation shall)be renewed if the parameters of the overhead contact line differ more than
the limitations given'in 10.3.3.

8 Pargdmeters of simulation

The parameters of the pantograph and overhead contact line shall be given according to
Clause 6 and Clause 7.

Depending on the modelling method and the problem to be investigated by simulation, the
relevant parameters appropriate to fully describe the simulation shall be available.
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parameters of simulations are:

— train speed;

— analy

sis section;

IEC 2025

The analysis section shall consist of those parts of the overhead contact line model over
which the passage of the pantographs is not influenced by initial transients and end effects
of the model.

Depending on the phenomena to be studied, the analysis section should be defined
accordingly. For validation purposes see Clause 10 and for the reference models see

Clause 11.
— number of and distances between pantographs;
— static[contact force of each pantograpnh;
— aerodynamic effects on each pantograph, taking into account the pantograph-orieptation;
NOTE Aefodynamic effects can be covered by specifying the applied mean contact force asra-function pf speed.
— opergting height of the pantograph if needed by the pantograph model;
— wire temperatures if relevant to the overhead contact line model;
— dampjing of the overhead contact line (if not provided according to’7.2);
— frequéncy range of interest.
Depending on the phenomena to be studied, the frequencyrange of interest shall be defined in
advance jand shall be consistent with the pantograph medel, overhead contact line model and
simulatiop tool and with the measurement system.
9 Output
9.1 G1nera|
The simujation shall calculate the variation of the contact forces, the contact wire displacements
and the pantograph displacements(when the pantograph passes along the overheafl contact
line modegl.
The output parameters shall\be filtered to exclude frequencies outside the frequency|range of
interest.
Filter characteristics~and type depend on the problem to be investigated. For yalidation
purposes see Clause 10 and for comparison with benchmark see Clause 11.
Informatipriabout filters used shall be given with results as output.

The outputs from the simulation shall be analysed over the analysis section.

Subclauses 9.2 to 9.4 specify the outputs for a single pantograph. If the train has more than
one pantograph, then the output shall be available for each pantograph.

9.2 Contact force

Within the frequency range of interest, outputs should be analysed within two additional
frequency bands, relating to span passing and dropper passing frequencies.

For validation and comparison purposes the frequency range of interest shall be 0 Hz to 20 Hz
and the bands shall be 0 Hz to 5 Hz and 5 Hz to 20 Hz.
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If it is necessary to calculate the standard deviation of the contact force in several bands, the
calculation can be performed in the time domain by applying proper pass-band filters or in the
frequency domain. When comparing different values, e.g. numerical and measured values, the
same calculation method shall be adopted.

Required

outputs:

— the time history of the contact force;

— them

— the st

— actua

ean contact force F;

andard deviation of contact force ¢;

I maximum and minimum of contact force, F;, and Fy 5,

— statis
exces

NOTE Th
variation fr

9.3 Cg
Requires

for each
any spec

Where it

according to IEC 60913:2024, 5.10.4, the maximum downwards movement of the cor
ocation where this occurs for those special“sections shall be calculated during the

and the
simulatio

9.4 Pantograph displacement

The time

shall be available for output.

Where it

according to IEC 60913:2024;.5.10.4, the maximum upwards movement of the conf
ocation where this‘occurs for those special sections shall be calculated during the

and the
simulatio

10 Valig

ical distribution (histogram) of contact force including information about skew
s of kurtosis.

b statistical distribution with the base figures of skewness and kurtosis will givesinformatior
bm Gaussian distribution.

ntact wire displacement

as output the maximum uplift of the contact wire at all supports of the analys
pantograph separately. The time history of the verticalposition of the conta
fied point shall be available for output.

is necessary to check at special locations for the minimum height of the cor

N run.

history of the vertical displacement of any specified point of the pantogra

is necessary to check~at special locations for the maximum contact wi

n run.

fation with measured values

10.1 Gﬁneral

ness and

about the

s section
Ct wire at

tact wire
tact wire

bh model

e height
act point

The validation of a simulation tool shall be carried out by comparison of simulated results with
equivalent measured values from a line test. The line test shall be carried out with measurement
equipment according to IEC 62846. The conditions for the validation are given in 10.2.

The simulation results shall be filtered in the same frequency range and using the same kind of
filter as the measured values and in accordance with IEC 62846:2016, 7.6.

The measured values are necessary as time histories if the statistical values necessary for
validation are not completely elaborated during the measurement phase.
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Annex B provides data sets from line test measurements in accordance with IEC 62846 to allow
for a validation for a given model within the limitations according to 10.3. Any other
measurement data fulfilling the requirements can be used for validation.

NOTE The results in Annex B are analysed based on a proper statistical basis. The time history for these results is
not necessary.

10.2 Comparison values

The validation shall be done by comparison between simulated and measured values of contact
forces and displacements in the overhead contact line.

The comparison shall be done for:

— the stlandard deviation of the contact force o;
— maxirhum uplift at the support for all measured supports;

— if medsured values are available, the range of vertical position of the point.of contgct for the
span with maximum length (excluding overlaps).

The comparison for the standard deviation of the contact force shall-beperformed copsidering
also a freiquency band analysis in the 0 Hz to 5 Hz and 5 Hz to 20 Hz frequency rangegq, in order
to achievg increased confidence in the simulation model.

The time|history of measured contact force is required to pesform the frequency band|analysis.

The deviation of the simulated values from the measured values shall be within the tglerances
given in Table 2.

The accuracy of standard deviation in Table 2uis valid for all three frequency bands.

For simulation of systems with rigid overhead contact line only the limits for standard |deviation
of contagt force are applicable.

Table 2 — Required accuracy of simulated dynamic values

Rarameter Required accurag¢y
Standard deviation of the contact force o +20 %
Maximum|uplift at the support =10 mm; +20 mn|
Range of jertical pasition of the point of contact +20 mm
Mean contact forge 7 +2,5N

NOTE 1 [IThe accuracies in this Table 2 include an allowance for the accuracy of the measurement system and
the repeatability of the measurement values, and allow for actual conditions occurring in the line test which have
not been incorporated in the model such as:

— span to span variation in tension of conductors;

— random variations in dropper length;

— across track wind affecting pantograph aerodynamics;
— track irregularities and vehicle dynamics;

— local inaccuracies in dropper spacing or span length;

— actual state of contact strip wear affecting contact strip mass;

actual state of contact wire wear affecting contact wire mass.

NOTE 2 The accuracies in this Table 2 are empirically determined values based on the many years of experience
of European railways.
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For the validation with measurements, the analysis section shall at least cover two half tension
lengths and one overlap.

10.3 Limits of validation
10.3.1 Application of simulation tool to other conditions

To use a simulation tool under conditions that differ from those for which it was validated, limits
for the differences are necessary.

A simulation tool validated according to 10.2 may be applied to other pantographs according to
10.3.2, to other overhead contact lines according to 10.3.3 and to other simulation parameters
according to 10.3.4.

10.3.2 Permissible changes of pantograph characteristics

The usability of a different pantograph may be demonstrated by assessing)the pgntograph
model according to 6.3.

Changesl|in the configuration of the pantograph such as number of ihdependent contgct strips,
or pantographs with and without active components, shall not be.accepted.

10.3.3 Permissible changes of overhead contact line parameters

Changes|of the values of parameters of the overhead contact line (e.g. tensile forces,|material,
type of droppers, cross-sections, mechanical characteristics of the supports and sfructures,
etc.) shall be accepted.

Changeslin the number of contact wires, messenger wires, auxiliary wires and stitch wlires shall
not be adcepted.

10.3.4 Permissible changes of the simulation parameters

Changeslin the simulation speedshall be accepted up to the validation speed increasgd by 5 %
of the wave propagation velocity of the contact wire of the validated model as dedcribed in
IEC 60913:2024, 5.2.4.

Changeslin the distance between the pantographs per train shall be accepted.
Changeslin the static and aerodynamic forces of the pantographs shall be accepted.

Changesl|in{wire temperatures shall be accepted.

Changes in the height of the contact wire shall be accepted.
Changes in the frequency range of interest shall not be accepted.

Changes between one or more than one pantograph per train shall not be accepted.

NOTE 1 The speed step of 5 % of the wave propagation is an empirically determined value based on the many
years of experience of European railways.

NOTE 2 For Japan see national Annex D.
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1.1 Purpose of reference model
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Before using a simulation tool, it is important to gain confidence in its accuracy.

For a simulation tool, it is first necessary to check the simulation tool by using an appropriate
reference model.

11.2 Reference model data

The data for the overhead contact line reference

in Annex A according to

Clause 7 —aeeording to
Clause 6
Different|models are provided for different types of overhead contact line and .pantographs in
common|use. As the benchmarking against a reference model is the~first stefp before
comparispn with line tests, the benchmarking shall be done using a reference modgel that is
represeniative of the actual overhead contact line and pantograph being)used for the line tests.
The OCL|and pantograph models shall be chosen from the combinations defined in Table 3.
11.3 P1rameters of simulation
The calcdlations shall be carried out for:
— speeds as given in Table 3;
— two ppntographs with a spacing as shown inTable 3;
— a frequency range of interest from 0 Hz.fo 20 Hz.
The damping of the overhead contact line shall be considered.
For comparison with the reference models the analysis section is defined as a |ength of
10 spans|, including the boundarysupports, in the middle of the overhead contact linermodel.
Table 3 — Combinations of OCL and pantograph reference models
Referente OCLtype | Pantograph Mean Number of | Pantograph Agceptable
mode B5R see Speed force pantographs distance ange of
combinafion | Clduse A.2 | Clause A.3 results
1D [km/h] [N] [m]
1 AC simple AC 275 143 2 200 Table A.6
2 AC simple AC 320 169 2 200 Table A.6
3 AC AC 275 143 2 200 Table A.7
stitched
AC
4 stitched AC 320 169 2 200 Table A.7
5 DC simple DC 200 149 2 200 Table A.8
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11.4 Reference model results

The simulation tool calculations using the reference model data shall produce output results
according to Clause 9.

Additionally the results shall be compared based on a frequency band analysis for 0 Hz to 5 Hz
and 5 Hz to 20 Hz.

Simulation results shall be filtered in the frequency domain with the defined cut off frequencies.

The results shall be within ranges given in Table A.6 to Table A.8.
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Annex A
(normative)

Reference model specification

A.1  General

The data of reference models allows for the checking of a simulation tool in comparison to
others for typical models for different basic types of overhead contact lines and pantographs.

The data of reference models may be extended to further models (e.g. compound catenaries or

ROCL-syjstem, etc.), with the development of simulation models and measurements.

A.2 Operhead contact line data

A.2.1 General data

This anngx covers the model data for theoretical models of overhead contact lines pased on
common Jreal systems, actually used for new lines.

This datd can be used to do a first check about usability forsimulation software.

The basi¢ data for the overhead contact line types arellisted in Table A.1.

If an ovirhead contact line model requires additional parameters, the derived matlhematical
model values shall be consistent with the table\data.

The modgl consists of more than ten identical spans.

For purppses of reference model.calculations, to compare with the ranges of resultg given in
Clause Al4, the analysis section\consists of 10 uniform spans.

The supgort of the messenger wire is connected to a fixed point via a spring-damping element
with the parameters in Table A.1. The contact wire is connected to a fixed point viala steady
arm with [the parameters:in Table A.1.

The tens|oning forces for the contact wire and the messenger wire are constant.

Heights gregiven in relation to the nominal contact wire height. The contact wire at the support
defines theomimatcontactwire height.

The damping of the overhead contact line shall be adjusted to a non-dimensional damping rate
(ratio of damping vs. critical damping) of 0,1 % to 0,15 %, for the overhead contact line.

This damping rate can be achieved by using a structural damping matrix Cg defined as:

Cs =aM + pK

(A.1)
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where:

M and K are the mass and stiffness matrices of the overhead contact line (contact wire and
messenger wire terms) and where:

a =1,25x 1072571
s =1,0x107%s
For software that does not consider proportional damping in the form described above, other

forms of damping can be used. The damping forms used shall be calibrated to provide similar
damping ratio values.

Table A.1 — Data for reference overhead contact lines

Type of overhead contact line

AC - Simple AC - Stitched DC —|Simple
Geometrilcal arrangement Figure A.1 Figure A.2 Figyre A.3
span length [m] 55 65 56
Encumbrgnce [m] 1,20 1,80 11650
length of gtitch wire [m] - 18 -
maximum|pre-sag at midspan [mm] 55 0 32
stagger of contact wire [m] +0,20 +0,30 0,20
stagger of auxiliary messenger wire [m] - - -
stagger of messenger wire [m] 0320 +0,30 1P,20
details fon droppers Table A.2 Table A.3 Table A.4
Contact wires
number of contact wires 1 1 2
tension pgr wire [N] 22 000 27 000 14 85D (each)
mass per [length unit [kg/m] 1,35 1,07 1,07|(each)
Young's Nlodulus E [kN/mm2] 100 120 20
cross secfgion [mm?] 150 120 20
Messenger wires
number of messenger wires 1 1 1
Young's Mlodulus E [kN/mm2] 97 110 00
cross secfgion [mm?] 120 117 04
tension [N] 16 000 21 000 14 000
mass per [ength unit [kg/m] 1,080 1,060 0880
Stitch wire
Young's Modulus E [KN/mmZ2] - 110 -
cross section [mm?] - 35 -
tension [N] - 3 500 -
mass per length unit [kg/m] - 0,31 -
clamp to messenger wire [kg] - 0,38 -
Droppers
stiffness for tension [N/m] see Table A.2 100 000 100 000
stiffness for compression [N/m] 0 0 0
clamp on messenger wire [kg] 0,195 0,155 0,11
clamp on contact wire [kg] 0,165 0,140 0,11
mass per length unit [kg/m] 0,117 0,089 0,155
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Type of overhead contact line

AC - Simple AC - Stitched DC - Simple
geometry and arrangement see Table A.2 see Table A.3 see Table A.4
Steady arm / Contact wire support
number of steady arms per support 1 1 2
length [m] 1,2 1,15 1,2
mass per length unit [kg/m] 0,730 0,780 1,375
mass of clamp [kg] 0 0,460 0,240
Messenger wire support
stiffness [KN/m] 500 fixed fixed
damping [Ns/m] 1000 fixed filxed

A.2.2 Special data for the overhead contact line reference model -'AC — Sim:[Ie

The overhead contact line is defined by a simple catenary equipment with a single co
according to Figure A.1.

tact wire

Dimensions in|millimetres

1200

R ——

Figure A.1 — AC - Simple — Overhead contact line model

IEC

The support of the messenger wire is a vertical spring-damper element with the data given in

Table A.1.

The connection of the steady arm with the registration arm or equivalent is a fixed point.

Table A.2 shows the elasticity (e) of the system at each dropper and at the steady arm obtained
by applying a constant vertical force of 200 N.
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Table A.2 — AC - Simple — Overhead contact line model -
Geometry and elasticity of droppers

support 1 2 3 4 5 6 7 8 9 support
X [m] 0 4,50 10,25 | 16,0 | 21,75 | 27,50 | 33,25 | 39,00 | 44,75 | 50,50 55
pre-sag 0 0 24 41 52 55 52 41 24 0 0
[mm]
dropper - 197 223 247 264 269 264 247 223 197 -
stiffness for
tension
[KN/m]
e [mm/N] 0,206 0,165 | 0,273 | 0,345 | 0,388 | 0,400 | 0,388 | 0,345 | 0,273 | 0,165 0,206
droppér - 1,023 | 0,902 | 0,815 | 0,764 | 0,747 | 0,764 | 0,815 | 0,902 | 1,023 -
length [m]

NOTE Fpr the catenary referred to in this Table A.2 it is operational practice to adjust both thé height pt support
and the hleight at first dropper to pre-sag 0, by regulating the steady arm. Other catenaries.can have¢ different
design requirements.

A.2.3 Special data for the reference model of overhead contact line AC - Stitched

The overpead contact line is defined by a simple catenary equipment with a single contact wire
and stitched catenary suspensions according to Figure A.2.

The supgort of the messenger wire and the connectionof the steady arm with the repistration
arm or equivalent are fixed points.

2,8 1
1 2 3 4 5 6 7
1,8 ™~ /
E b~~"‘--.,
0,8
-0,2 + +
0 10 20 30 40 50 60

(m)

IEC
Figure A.2 — AC - Stitched catenary overhead contact line model

Table A.3 shows the elasticity (e) of the system at each dropper and at the steady arm obtained
by applying a constant vertical force of 200 N.
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Table A.3 — AC - Stitched catenary overhead contact line model -
Geometry and elasticity of droppers

Dropper support 1 2 3 4 5 6 7 support
X [m] 0 5,000 | 14,167 | 23,333 | 32,500 | 41,667 | 50,833 | 60,000 65
pre-sag [mm] 0 0 0 0 0 0 0 0 0
e [mm/N] 0,361 0,350 0,328 0,388 0,407 0,388 0,328 0,350 0,361
droppt[er]Iength - 1,354 1,352 1,225 1,182 1,225 1,352 1,354 -
m

NOTE For the catenary referred to in this Table A.3 it is operational practice to adjust both the height at support
and at first dropper to pre-sag 0, by regulating the steady arm. Other catenaries can have different design
requirements

A.2.4 Special data for the reference model of overhead contact line DC « Si::]ple

The overjhead line is defined by a simple catenary equipment with twin<contact wires (two
contact wires suspended from a single messenger wire). The droppér,-scheme acclrding to
Figure AJ3 alternates successive droppers on the separate contact wises.

The suppgort of the messenger wire and the connection of the steady arms with the refistration
arm or equivalent are fixed points.

N e

13 14
12
10 1"
9
7 8

3,50 | 350 5,25 3,604, 3,50 ; 3,50 ; 3,50 ; 3,50 | 3,50 ; 3,50 ;| 3,50 ; 3,50 5,25 3,50| ;| 3,50
350 49504525 IRUF 350, 350 3504 350 1 350 8504 3504 350 525|350 350y

IEC

Figure A.3 — DC — Simple catenary overhead contact line model
The dropper lengths provoke a sinusoidal pre-sag with a value of 32 mm at mid-span.

Each contact wire is supported by individual contact wire steady arms with the parameters given
in Table A.1.

The elasticity values of the system shown in Table A.4 at each dropper and at the steady arm
are obtained by applying a constant vertical force of 200 N.
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Table A.4 — DC - Simple catenary overhead contact line model -

Geometry and elasticity of overhead contact line

Dropper support 1 2 3 4 5 6 7
X [m] 0,00 3,50 7,00 12,25 | 15,75 | 19,25 | 22,75 26,25
cw 1 2 1 2 1 2 1
sag [mm] 0 -8 -6 3 1 19 26 29
e [mm/N] 0,176 0,170 | 0,209 | 0,280 | 0,316 | 0,344 | 0,363 0,373
Dropper length [m] 1,422 | 1,243 | 1,047 | 0,957 | 0,897 | 0,861 0,844
Dropper 8 9 10 11 12 13 14 support
A4 [m] ’)0,7R ’l’l,’)R QR‘7R An,’)R /1'2‘71-'. Ao,nn :'),:n 56‘00
cw 2 1 2 1 2 1 2
sag [mm] 29 26 19 11 3 -6 18 0
e [mm/N] 0,373 0,363 | 0,344 | 0,316 | 0,280 | 0,209¢.]-0,170 0,176
Drogper length [m] 0,844 0,861 | 0,897 | 0,957 | 1,047 | 1,243"| 1,422
A.3 Pantograph data
This Clayse A.3 covers the model data for theoretical models of pantographs based onjcommon
real systems, actually used on vehicles.
The modgl data covers both a lightweight AC pant@graph and a heavy DC pantograph.
This datq can be used in combination with thé-overhead contact line data in Clause A|2 to do a
first chedk regarding usability of simulation\software.
The datalare given in Table A.5 for a-discrete mass-spring-damper model (lumped parameter
model) wjith three masses accordingto Figure A.4.

F

k3
|
my
|
ky e
|
my
S Ed
kyq €
1
FHEFFFErrrrrrrrfrisiffire

IEC

Figure A.4 — Pantograph model

The pantograph model is a linear model with one vertical degree of freedom for each mass.
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The basic data for the pantographs are listed in Table A.5.

Table A.5 — Pantograph model parameters

AC DC
my 6,00 10,93
Reduced dynamic mass m 900 1128
[kl 2 ’ ’
m3 7,50 15,12
ey 100 121
Damping
[Ns/m] c, 0,1 0,0
€3 45,0 20,0
ky 160,0 1,0
Stiffness
k
[N/m] 2 15 500 10,600
kq 7 000 4 500

A.4 Results of simulations for reference models

The simylation tool calculations using the reference médel data shall produce output results
according to Clause 9.

As specified in IEC 62846, the filter order should(be at least 6.

The resul|ts shall be within ranges given inthe Table A.6 to Table A.8.

NOTE 1 Tlhe values in Table A.6 are based on results from independent simulation tools. These fesults are
calculated [ndependently which explains thewider ranges of results. These methods have been successfully checked

with resultd from line tests [1] [2]1.

NOTE 2 Hantograph 1 is the leadifig pantograph; pantograph 2 is the trailing pantograph.

1 Numbers in square brackets refer to the Bibliography.
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Table A.6 — Ranges of results from reference model AC simple

Range of results

Reference model ID according to Table 3

Speed [km/h] 275 320
Nr of Pantograph 1 2 1 2
Pantograph distance [m] 200 200

F. IN] 141,5 to 146,5 166,5 to 171,5

o [N] @ 31,9t0 34,8 | 50,0to 54,5 | 49,5t0 62,9 | 30,2 to 43,8
o (0 Hz to 5 Hz) [N] P 26,4t028,9 | 41,2to 45,4 | 38,7to 44,4 | 14,3 t023,3
o (5 Hz to R0 Hz) [N] P 16,2 to 22,4 | 25,2 to 34,7 | 29,0 to 46,2 |(26[7 to 38,2
Actual makximum of contact force [N] @ 219 to 244 241 to 290 295 to 343 252 to 317
Actual minimum of contact force [N] 2 71 to 86 14 to 50 55 {6182 b1 to 86
Range of \{ertical position of the point of contact [mm] 38 to 49 53 to 70 3940 51 8 to 35
Maximum pplift at support [mm] 39 to 48 45 to 54 57 to 64 0 to 61
Percentagp of contact loss [%] 0 0 0 0

b Analys|

NOTE TH

simulation

a AnalysEd in time domain.

d in frequency domain by FFT.

tools used of European railways.

e range given in this Table A.6 are empirically determined values based on the results |of several

Table A.7 — Ranges of results from reference model AC stitched

Range of results

Referenc¢ model ID according to Table 3 3

Speed [km/h] 275 320

Nr of Panfograph 1 2 1 2
Pantograph distance [m] 200 200

F [N] 143 to 144 142 to 144 169 169

o [N] @ 20,2 to 24,7 | 24,4t036,2 | 20,5t0 24,7 | 30}4 to 38,3
o (0 Hz to| 5 Hz) [N](P 11,7t0 15,2 | 17,0t0 18,2 | 11,8to 13,3 | 20|4 to 24,2
o (5 Hz to| 20 HZ)y[N] ° 16,5t0 19,0 | 16,4 to 27,4 | 15,2t020,9 | 21|5to0 29,8
Actual mgximim of contact force [N] 2 185 to 199 203 to 252 210 to 232 239 to 255
Actual minimum of contact force [N] 2 92 to 102 56 to 88 105 to 128 43t078
Range of vertical position of the point of contact 18 to 25 26 to 36 13 to 23 38 to 63
[mm]

Maximum uplift at support [mm] 55to 79 51to 79 74 to 95 69 to 95
Percentage of contact loss [%] 0 0 0 0

a

b

Analysed in time domain.

Analysed in frequency domain by FFT.

NOTE The range given in this Table A.7 are empirically determined values based on the results of several
simulation tools used of European railways.
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Table A.8 — Ranges of results from reference model DC simple

Range of results
Reference model ID according to Table 3 5
Speed [km/h] 200
Nr of pantograph 1 2
Pantograph distance [m] 200
F., [N] 149 to 150 149 to 150
o [N] @ 28,0 to 33,3 35,4 to 45,3
o (0 Hz to 5 Hz) [N] P 22,4 to 27,8 21,0 to 34,2
o (5 Hz to|20 Hz) [N] P 15,5 to 22,7 24,510 31,3
Actual mgximum of contact force [N] @ 232 to 255 228 to 307
Actual mifhimum of contact force [N] 2 46 to 88 34 to| 52
Range of jertical position of the point of contact [mm)] 31 to 45 24 t0 69
Maximum|uplift at support [mm] 35to 52 3510 53
Percentage of contact loss [%] 0 0

2 Analyged in time domain.

b Analyged in frequency domain by FFT.

NOTE The range given in this Table A.8 are empirically determined values based on the results 9f several
simulatior] tools used of European railways.
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Annex B
(normative)

Model specifications and measurement results for validation

B.1 Measurement results of simple AC high speed overhead contact line

B.1.1
B.1.1.1

Subclau

high speg¢

B.1.1.2

The calclilation shall be carried out for:

— aspe
— onep

- afred

The over

Simulation data for overhead contact line model

General

- o cortain—data—of-a—+realedstnegoverhead—econtacttH ection for

d. The results are given at the maximum design speed of this OCL.

Parameters of simulation

ed of 300 km/h (in accordance with line test);
antograph;

uency range of interest from 0 Hz to 20 Hz.

head contact line is defined by a simple catenary) equipment with a single conptact wire

and a single messenger wire. The analysis section is determined as a length of 1 113/5 m from
support g of tension length 2 to support 6 of tensionength 3. The analysis section incjudes the
data of a|real OCL and one 4-span-overlap.
NOTE Th¢ model includes two 4-span-overlaps.
B.1.1.3 Model parameter and mechanical data of OCL
The mechanical tension and the mass per unit length are defined in Table B.1:
Table B.1 — Mechanical values of wires
Wires ahd ropes Fension Mass/unit length Young's Modulus E Cross gection
[N] [kg/m] [kN/mm?] [mm?]
Contact wire 20 000 1,334 120 150
Messenggr wire 14 000 0,605 84,70 65,p0
Dropper Wire - 0,11 84,70 12,p0
Steady arms 867 4506 4+29,0

Mechanical values of clamp are defined in Table B.2.

Table B.2 — Mechanical values of clamps and other OCL-components

No. a_ccordmg Element mass Remark
to Figure B.1
[kal
- Lower dropper clamp 0,165 Mass of dropper clamps including
thimbles, crimped connectors, screws,
- Upper dropper clamp to 0,195 screw nuts, rope loops and so on.
messenger wire
1 Contact wire clip at steady arm 0,200
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Figyre B.1 — Cantilever model elements in Table B.2," Table B.42 and Table B.49

The pre-$ag characteristics are specified in Table B,3y'Dropper tables with the dropper length
to respedt this geometry for each span case are provided further in B.1.1.7.

Table B.3 — Pre-sag information in open route and overlap

Configurption Pre-sag

Open roufe 1/1 000 of span length between contact wire height at the first dropper and mid-span
Parabolic shape.

Overlap Parabolic shape.

The cant|lever characteristics are defined by the steady arm geometry as the messenpger wire
is to be modelled as fixed at its defined height. Those characteristics are specified in Tlable B.4.

Table|B.4 — Cantilever information in open route and overlap: steady arm geometry

Characteristic Value
Length 1,220 m
Inclination 10°

B.1.1.4 Geometrical data of overhead contact line

The overhead contact line is defined by a simple catenary equipment with a single contact wire
and a single messenger wire on straight track. The whole overhead contact line model consists
of more than the following described spans of the analysis section. Location and length of
droppers are described in B.1.1.7.

B.1.1.5 Span definition

The definitions of spans are given in Table B.5 to Table B.7. Dropper table numbers refer to
Table B.11 to Table B.38.
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Table B.5 — Span definition of tension length 1
Span number 1 2 3 4 5 6 7 8 9 10 11 12 13
Span length [m] | 42,25 | 44,7 | 453 | 455 | 45 | 45 | 45 | 45 | 45 | 49,5 | 49,5 | 49,5 | 49,5
Dropper table - B.11 | B.12 | B.13 | B.14 | B.14 | B.14 | B.14 | B.14 | B.15 | B.15 | B.15 | B.15
Span number 14 15 16 17 18 19 20 21 22 23 24
Span length [m] 49,5 | 49,5 | 49,5 | 49,5 | 49,5 | 49,5 | 49,5 | 50 | 49,8 | 49,2 | 49
Dropper table B.15 | B.15 | B.15 | B.15 | B.15 | B.15 | B.15 | B.16 | B.17 | B.18 | -
Table B.6 — Span definition of tension length 2
[
Sp|an number 1 2 3 4 5 6 7 8 9 10 | 11 | Az-] 13
Span length [m] 49 |49,2|49,8| 50 |48,5|49,5|495| 54 | 54 | 54 | 54°|,54 | 54
Dropper table - |B.19|B.20 |B.21|B.22 | B.23 | B.23 | B.24 | B.24 | B.24 {(B,24 | B.24 | B.24
Sp|an number 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | ,23y| 24 | 25 | 26
Span length [m] 54 | 54 | 54 | 54 |49,5|49,5|49,5|49,5|49,57,50 |49,8|49,2| 40
Dropper table B.24 | B.24 | B.24 | B.24 | B.23 | B.23 | B.23 | B.23 | B.23 | B.25 | B.26 | B.27 | -
Table B.7 — Span definition of tension length 3
Span number 1 2 3 4 5 6 7 8 9 0 | 11 | 12 | p3 | 14
Span length [m] 49 49,2 49,8 | 41 | 38 | 45-4740 |47,5|49,5|49,5|49,5 (49,5 |49,5|49,5
Dropper table - |B.28|B.29 | B.30 | B.31 |B.32 | B.33 | B.34 | B.35 | B.35 | B.35 | B.35 | §.35 | B.35
Span nhmber 15 | 16 | 17 | 18 | 1909 20 | 21 | 22 | 23 | 24 | 25 | 26 | p7
Span length [m] 54 | 54 | 54 | 54|64 | 54 | 54 | 54 | 54 |49,5|49,8 49,2 | Ko
Dropper table B.36 | B.36 | B.36 | B.36 | B.36 | B.36 | B.36 | B.36 | B.36 | B.35 | B.37 | B.38 | |-
B.1.1.6 Support definition
Table B.§ to Table B.10'show the support definitions for the three tension lengths.
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Table B.8 — Support definition of tension length 1

Support 1 2 3 4 5 6 7 8 9 10
number
Cumulative 0,00 | 42,25 | 86,95 132,25 | 177,75 | 222,75 | 267,75 | 312,75 | 357,75 | 402,75
position [m]
CW height [m] 6,35 5,63 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08
MW height [m] 6,85 6,88 7,08 6,48 6,48 6,48 6,48 6,48 6,48 6,48
CW stagger [m] - 0,65 0,3 -0,25 0,1 -0,2 0,1 -0,2 0,1 -0,2
MW stagger [m] . 0,65 0,3 -0,25 0,1 -0,2 0,1 -0,2 0,1 -0,2
s“”"‘L’t 11 12 13 14 15 16 17 18 19 20
numbpr
Cumulative 452,25 | 501,75 | 551,25 | 600,75 | 650,25 | 699,75 | 749,25 | 798,75 |.848,2% | 897,75
position [m]
CW heighf [m] 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08
MW heighf [m] 6,48 6,48 6,48 6,48 6,48 6,48 6,48 6,48 6,48 6,48
CW staggpr[m] | 0,1 -0,2 0,1 -0,2 0,1 -0,2 oM -0,2 0,1 -0,2
MW stagger [m] | 0,1 -0,2 0,1 -0,2 0,1 -0,2 0,1 -0,2 0,1 -0,2
Suppgrt 21 22 23 24 25
numbpr
Cumulative 947,25 | 997,25 | 1 047,05 | 1 096,25 | 1 145,25
position [m]
CW heighf [m] 5,08 5,08 5,08 5,63 6,35
MW height [m] 6,48 6,48 7,08 6,88 6,85
CW stagggr [m] 0,2 -0,15 0,1 0,35 -
MW stagger [m] 0,2 -0,15 0,1 0,35 -
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Table B.9 — Support definition of tension length 2

Support 1 2 3 4 5 6 7 8 9 10
number
Cumulative | g,7 55 | 996,25 |1 045,45 |1 095,25 |1 145,25 |1 193,75 |1 243,25 |1 292,75 | 1 346,75 |1 400,75
position [m]
[Cmv;/ height | ¢ 35 5,63 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08
?:'n"]v height | ¢ g5 6,88 6,38 6,48 6,48 6,48 6,48 6,48 6,48 6,48
[Cinv}/ stagger . -0,35 -0,1 0,15 -0,2 0,2 -0,2 0,2 -0,2 0,2
mw\/]v stagger N -0,35 -0,1 0,15 -0,2 0,2 -0,2 0,2 -0,2 0,2
Support 1 12 13 14 15 16 17 18 19 20
number
Cumulative
position [rl] 1454,75|1 508,75 |1 562,75 |1 616,75 |1 670,75 |1 724,75 |1 778,75 | 17832,75 | 1 882,29 |1 931,75
[(?nV}/ height] 5.08 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08
;\:InV]V heigh 6.48 6,48 6,48 6,48 6,48 6,48 6,48 6,48 6,48 6,48
[Cr)nv;/ stagger -0,2 0,2 -0,2 0,2 -0,2 0,2 -0,2 0,2 -0,2 0,2
m}v]v stagger -0,2 0,2 -0,2 0,2 -0,2 0,2 -0,2 0,2 -0,2 0,2
Support] 21 22 23 24 25 26 27
number
Cumulative | 4 981 252 030,75 | 2 080,25 [2-130,25 |2 180,05 | 2 229,25 | 2 269,25
position [m]
EnV}/ height 5.08 5,08 5,08 5,08 5,08 5,63 6,35
;\21\/]V heigh 6,48 6,48 6,48 6,48 6,38 6,88 6,85
CW stagggr -0,2 0,2 -0,2 0,15 -0,1 -0,35 -
[m]
m\/]v staggér ) 0,2 -0,2 0,15 -0,1 -0,35 -
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Table B.10 — Support definition of tension length 3

Support 1 2 3 4 5 6 7 8 9 10
number
pCo“S'ﬂiuo'ﬁ“[‘r’T% 2 080,25 |2 129,25 |2 178,45 | 2 228,25 |2 269,25 | 2 307,25 | 2 352,25 | 2 392,25 | 2 439,75 | 2 489,25
CW[;e]ight 6,35 5,63 5,08 5,08 5,08 5,08 5,08 5,08 5,08 5,08
'\"W[zﬁight 685 | 688 | 7,08 | 648 | 648 | 648 | 648 | 648 | 648 | 648
cw [Sr:f]gger - 0,35 0,1 -0,15 | 0,2 -0,2 0,2 -0,2 0,2 -0,2
MW [3;399 & ; 0,35 0,1 ~0,15 0,2 -0,2 0,2 0,2 0,2 -0,2
Support 11 12 13 14 15 16 17 18 19 20
number
pCo“S'ﬂiuo'ﬁ“[‘é% 2 538,75 |2 588,25 | 2 637,75 | 2 687,25 |2 736,75 | 2 790,75 | 2 844,75 | 2898,75 |2 952,74 | 3 006,75
CW[:fjig” 5,08 5,08 5,08 5,08 5,08 5,08 508 5,08 5,08 5,08
MOt | 648 | 648 | 648 | 648 | 648 | 648 648 | 648 | 648 || 648
cw [S;f]gg R -0,2 0,2 -0,2 0,2 -0;2 0,2 -02 | 015 || -0.2
MW [3;399 P02 -0,2 0,2 -0,2 0,2 -0,2 0,2 -02 | 015 || -0.2
Support 21 22 23 24 25 26 27 28
number
F,Co“sr.'lfﬁ?t'[?% 3 060,75 |3 114,75 |3 168,75,8:222,75 | 3 272,25 | 3 322,05 | 3 371,25 | 3 420,25
CW[:fjig” 5,08 5,08 5,08 5,08 5,08 5,08 5,63 6,35
MW[:f]’ig“ 648 | 648(_) 648 | 648 | 648 | 638 | 68 | 685
cw [S;f]gg "1 015 fN202 | 015 | -02 | 015 | -01 | -0,35 -
MW [Sr:%gg PT | 0515 -0,2 0,15 -0,2 0,15 -0,1 -0,35 -
B.1.1.7 Droppers
B.1.1.7.1 Tension length 1 (first and last span without any droppers, with a support

S on each side)

The dropper definitions for the spans of tension length 1 are given in Table B.11 to Table B.18.

Table B.11 — Span length = 44,7 m

No. of the dropper

S‘1‘2|3‘4|5‘6|7‘S

inter-droppers distance [m]

45 ‘ 6,75 ‘ 6,75 | 4,35 | 4,35 | 6,75 ‘ 6,75 ‘ 45

dropper length [m]

- ‘ 1,338 ‘ 1,466 | 1,586 ‘ 1,659 | 1,728 ‘ 1,828 | 1,919 ‘ -
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Table B.12 — Span length = 45,3 m

No. of the dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S

inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 4,65 | 4,65 | 6,75 ‘ 6,75 ‘ 4,5

dropper length [m] - ‘ 1,800 ‘ 1,634 | 1,503 ‘ 1,434 | 1,380 ‘ 1,332 | 1,319 ‘ -
Table B.13 — Span length = 45,5 m

No. of the dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S

inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 4,75 | 4,75 | 6,75 ‘ 6,75 ‘ 4.5

dropper Igmgtir{m] | 5259 | 182 | 140 I 13T | 140 | 182 | 5299

Table B.14 — Span length =45 m

No. of thé dropper s ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ s

inter-droppers distance [m] 4.5 ‘ 6,75 ‘ 6,75 | 4,5 | 4.5 | 6,75 ‘ 6,75 ‘ 4.5

dropper length [m] - | 1260 | 1186 | 1,145 | 1,137 {Grtas | 1,186 | 1,260 |
Table B.15 — Span length_=49,5 m

No. of th¢ dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S

inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 6,75 | 6,75 | 6,75 ‘ 6,75 ‘ 4,5

dropper length [m] - ‘ 1,246 ‘ 1,151 | 1,094 ‘ 1,075 | 1,094 ‘ 1,151 | 1,246 ‘ -

Table B.16 — Span length =50 m

No. of the|dropper S | 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ S

:j’:ts‘:;:c’g‘g;‘]"s 45 W\ 675 | 675 | 47 46 47 | 675 | 675|| 45

dropper l¢gngth [m] £ | 1,244 ‘ 1,145 ‘ 1,085 | 1,067 ‘ 1,067 | 1,085 ‘ 1,145 | 1,244 ‘
Table B.17 — Span length = 49,8 m

No. of the|dropper S | 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ S

L"i;‘:;':;g'fﬁ]‘]“s 45 | 675 | 675 | 46 46 46 | 675 | 675 | 45

dropper length [m] - | 1,299 ‘ 1,283 ‘ 1,305 | 1,342 ‘ 1,397 | 1,471 ‘ 1,611 | 1,790 ‘ -
Table B.18 — Span length = 49,2 m

No. of the dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S

inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 6,6 | 6,6 | 6,75 ‘ 6,75 ‘ 4,5

dropper length [m]

- ‘ 1,893 ‘ 1,725 | 1,549 ‘ 1,368 | 1,247 ‘ 1,188 | 1,193 ‘ -
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B.1.1.7.2 Tension length 2 (first and last span without any droppers, with a support
S on each side)

The dropper definitions for the spans of tension length 2 are given in Table B.19 to Table B.27.

Table B.19 — Span length = 49,2 m

No. of the dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S
inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 6,6 | 6,6 | 6,75 ‘ 6,75 ‘ 4,5
dropper length [m] - ‘ 1,129 ‘ 1,028 | 0,991 ‘ 1,018 | 1,105 ‘ 1,185 | 1,257 ‘ -
Table B.20 — Span length = 49,8 m
No. of the|dropper s | 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ s
:j’:ts‘:;:c’g’fl;‘]"s 45 675 | 675 46 46 46 6,765 675 45
dropper I¢ngth [m] - | 1,154 ‘ 1,070 ‘ 1,024 | 1,015 ‘ 1,024 | 1,052 ‘ 1,124 | 1,286 ‘ -
Table B.21 — Span length = 50 m
No. of the|dropper s | 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ s
:j’:ts‘:;:c’g’fl;‘]"s 45 675 | 675 47 46 47 675 | 675 45
dropper I¢ngth [m] - | 1,244 ‘ 1,145 ‘ 1,085 | 1,067 ‘ 1,067 | 1,085 ‘ 1,145 | 1,244 ‘ -
Table B.22 =Span length = 48,5 m
No. of th¢ dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S
inter-droppers distance [m] 45 ‘ 6,75 ‘ 6,75 | 6,25 | 6,25 | 6,75 ‘ 6,75 ‘ 4.5
dropper length [m] ] ‘ 1,249 ‘ 1,159 | 1,105 ‘ 1,089 | 1,105 ‘ 1,159 | 1,2h9 ‘
Table B.23 — Span length = 49,5 m
No. of thé dropper. s ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ s
inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 6,75 | 6,75 | 6,75 ‘ 6,75 ‘ 4.5
dropper lphgth [m] - [ 1,246 [ 1151 [ 1,004 | 1,075 | 1,094 | 1,151 | 1,246 |
Table B.24 — Span length = 54 m
No. of the dropper s | 1+ ] 2] s | 4| s | e | 7| 8 |s
L’};‘i;‘:;:m‘]”s 4,5 6,75 6,75 6,75 4,5 6,75 6,75 6,75 4,5

dropper length [m] - | 1,231 ‘ 1,114 ‘ 1,038 | 1,004 ‘ 1,004 | 1,038 ‘ 1,114 | 1,231 ‘ ]



https://iecnorm.com/api/?name=ce52b68b6a2bc6896a95ee7e6fc59d2d

IEC 63453:2025 © IEC 2025 - 45—

Table B.25 — Span length =50 m

No. of the dropper S | 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ S
L"i;‘:;':;g?ﬁ]‘]“s 45 675 | 675 47 46 47 675 | 675 45
dropper length [m] - | 1244 | 1,145 | 1,085 | 1,067 | 1,067 | 1,085 | 1,145 | 1,244 | -

Table B.26 — Span length = 49,8 m

No. of the dropper S | 1 2 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ S
inter-droppers 45 676675 46 46 46 6-76——6-75 4,5
distance [m] ’ ’ ’ ’ ’ ’ ’ ’

dropper I¢ngth [m] - | 1236 | 1,124 | 1,052 | 1,024 | 1,015 | 1,024 | 1,070 tha | -

Table B.27 — Span length = 49,2 m

No. of th¢ dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S
inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 6,6 | 636 | 6,75 ‘ 6,75 ‘ 4,5
dropper length [m] - ‘ 1,257 ‘ 1,185 | 1,105 ‘ 1,018 | 0,991 ‘ 1,028 | 1,129 ‘ -

B.1.1.7.3 Tension length 3 (first and last span without any droppers, with a
support S on each side)

The dropper definitions for the spans of tension length 3 are given in Table B.28 to Tgble B.38.

Table B.28 = Span length = 49,2 m

No. of th¢ dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S
inter-droppers distance [m] 45 ‘ 6,75 ‘ 6,75 | 6,6 | 6,6 | 6,75 ‘ 6,75 ‘ 4.5
dropper length [m] ] ‘ 1,193 ‘ 1,188 | 1,247 ‘ 1,368 | 1,549 ‘ 1,725 | 1,893 ‘ ]

Table B.29 — Span length = 49,8 m

No. of the|dropper S|1‘2‘3|4‘5|6‘7|8‘S
:j’:ts‘i;:c’:’g;‘]"s 4,5 675 | 6,75 4.6 4.6 4.6 675 | 6,75 45

dropper length [m] - i T,790 i T.6TT i T.277 i T,397 i T,342 i T,305 i T,Z83 i T,299 ‘

Table B.30 — Span length =41 m

No. of the dropper s | 1 | 2 ‘ 3 ‘ 4 | 5 | 6 ‘ s
inter-droppers distance [m] 4.5 ‘ 6,75 | 6,75 ‘ 5 ‘ 6,75 | 6,75 | 4.5
dropper length [m] - | 1,273 | 1,218 ‘ 1,192 ‘ 1,192 | 1,218 | 1,273 ‘ -



https://iecnorm.com/api/?name=ce52b68b6a2bc6896a95ee7e6fc59d2d

- 46 - IEC 63453:2025 © IEC 2025

Table B.31 — Span length =38 m

No. of the dropper

S|1|2‘3‘4|5|6‘S

inter-droppers distance [m]

45 ‘ 6,75 | 5.2 ‘ 5,1 ‘ 52

dropper length [m]

- | 1,282 | 1,241 ‘ 1,226 ‘ 1,226 | 1,241 | 1,282 ‘ -

Table B.32 — Span length =45 m

No. of the dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 ‘ 6 | 7 ‘ S
inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 4,5 | 4.5 | 6,75 ‘ 6,75 ‘ 4.5
dropper Igmgtir{m] | 1,200 | T, 100 | 149 I 137 | IR E:3e) | T, T30 | 520

Table B.33 — Span length =40 m

No. of the|dropper

S|1|2‘3‘4|5|6‘S

inter-d rodpers distance [m]

4,5 ‘ 6,75 6,75 ‘ 4

dropper length [m]

- | 1276 | 1226 | 1208 | 1208 | 1226 | 1276 | -

Table B.34 — Span length =47,5 m

No. of th¢ dropper

S‘1‘2|3‘4|5‘6|7‘S

inter-droppers distance [m]

4,5 ‘ 6,75 ‘ 6,75 | 5,75 | 5,75 | 6,75 ‘ 6,75 ‘ 4,5

dropper length [m]

- ‘ 1,252 ‘ 1,166 | 1,117 ‘ 1,103 | 1,117 ‘ 1,166 | 1,292 ‘ -

Table B,35= Span length = 49,5 m

No. of th¢ dropper

S‘1‘2|3‘4|5‘6|7‘S

inter-droppers distance [m]

45 | 675 | 675 | 675 | 675 | 675 | 675 45

dropper length [m]

- ‘ 1,246 ‘ 1,151 | 1,094 ‘ 1,075 | 1,094 ‘ 1,151 | 1,246 ‘ -

Table B.36 — Span length = 54 m

No. of the| drogper s | 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ s

ir!ter-drodpers 45 875 8 75 8 75 45 8 75 8 75 8 75 45

distance [M]

dropper length [m] - | 1,231 ‘ 1,114 ‘ 1,038 | 1,004 ‘ 1,004 | 1,038 ‘ 1,114 | 1,231 ‘ -
Table B.37 — Span length = 49,8 m

No. of the dropper S | 1 ‘ 2 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 | 8 ‘ S

L’:ts‘:;':c’gm‘]"s 45 675 | 6,75 46 46 46 675 | 6,75 45

dropper length [m]

1,236 ‘ 1,124 ‘ 1,052 | 1,024 ‘ 1,015 | 1,024 ‘ 1,070 | 1,154 ‘ -
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Table B.38 — Span length = 49,2 m

No. of the dropper S ‘ 1 ‘ 2 | 3 ‘ 4 | 5 6 7 ‘ S

inter-droppers distance [m] 4,5 ‘ 6,75 ‘ 6,75 | 6,6 | 6,6 | 6,75 ‘ 6,75 ‘ 4,5

dropper length [m] - ‘ 1,257 ‘ 1,185 | 1,105 ‘ 1,018 | 0,991 ‘ 1,028 | 1,129 ‘ -
B.1.2 Pantograph model

The pant

ograph is defined as a discrete mass-spring-damper model as shown in Figure A.4.

The model parameters are defined in Table B.39.

B.1.3

The data
a 6t ord¢

Table B.39 — Pantograph model parameters

Reduced dynamic mass m, 4,80
[kg]

my 4,63

ms 8,50
Damping 4 32
[Ns/m]

cy 5

Ca 20
Stiffness ky 1
[N/m]

ks 5400

kq 6 045
Mean contact force at 300 km/h [N] Fo 182
NOTE These pantograph model parameters fulfil the requirements of 6.3.

Measured data of dynamic interaction for validation

shown in Table B.40 are the results of line tests according to IEC 62846, filtered with
br filter and a cut off frequency of 20 Hz.

Table B.40 — Measurement result from line test

Measurement results
Speed [Km/h] 300
F-\N] 182
# [N] (including low pass filter 20 Hz) @ 48,0
o (0 Hz to 5 Hz) [N] P 32,2
o (5 Hz to 20 Hz) [N] P 36,5
o (0 Hz to 20 Hz) [N] ® 48,7
Actual maximum of contact force [N] 2:¢ 345
Actual minimum of contact force [N] ¢ 52
Percentage of contact loss [%] © 0
Max. uplift [mm)] 88
2 Analysed in time domain.
b Analysed in frequency domain by FFT.
¢ Values not used for validation.
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B.2 Measurement results of a stitched AC high speed overhead contact line

B.2.1

General

Subclauses B.2.2 to B.2.5 contain data from real existing overhead contact line section for high
speed, which is certified as an interoperable constituent for the European network.

B.2.2
B.2.2.1

Simulation data for overhead contact line model

Parameters of simulation

The calculation shall be carried out for:

—  spee(

— two ppntographs with a distance of 192 m between consecutive pantographs;

- afreq

The over
and stito
1 230,74
covers t
arrangen
curve ty
Thereaftd
between

NOTE Th

of 302 km/h (in accordance with line test);

uency range of interest from 0 Hz to 20 Hz.

head contact line is defined by a simple catenary equipment with*single corn
hed catenary suspensions. The analysis section is detetmined as a |
m including 32 spans (S1 to S32) and the supports (M1 to M35). The analys
he data of a real OCL with two 5-span-overlaps and other special
ents. The analysis section starts on a straight track. It fellows a section as a
pe clothoid starting at chainage 78,421 m and/ending at chainage 34

the chainage 348,378 m and 1 230,74 m.

e defined analysis section is defined with two overlaps*to align with the measured data set.

tact wire
ength of
s section
catenary
ransition
8,378 m.

r follows a track with a constant radius of 6 997,75Yn to the right with a cant pf 90 mm

B.2.2.2 Model parameter and mechanical data of OCL
The mechanical tension and the mass per_unit length are given in Table B.41. The mg¢chanical
data of clamps and other components arg given in Table B.42.
Table B.41 —Mechanical values of wires and tubes
Wires and ropes Tension mass/unit length | Young's Modulus E Cross dection
[N] [kg/m] [kN/mm?] [mm3]
Contact wlire 27 000 1,067 120 140
Messenggr wire 21 000 1,060 113 117
Stitch wirg 3 500 0,310 113 3p
Dropper wire - 0,089 103 19
Steady arlms - 0780 70 245
(Standard Cantilevers) (rectangle
40 x 20 x 2,5)
Steady arm - 2,494 70 923,63
(Cantilevers according to (tube 55 x 6)
Figure B.1)
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Table B.42 — Mechanical values of clamps and other OCL-components

No. Element mass Remark
according
to
Figure B.1
[kgl
- Lower dropper clamp 0,140
- Upper dropper clamp to 0,155 Mass of dropper clamps including thimbles,
messenger wire crimped connectors, screws, screw nuts, rope
- loops and so on.
- Upper dropper clamp to stitch 0,101
wire
- Uialllp IL)t:i.VVUUII bi.ii.bil dllu‘ U, 00U
messenger wire
2 Mass per unit length for tube 2,494 kg/m
steady arm
1 Contact wire clip at steady arm 0,460

B.2.2.3 Geometrical data of overhead contact line

T

NOTE To

in

F

Positions

g

he overhead contact line is defined by a simple catenary equipment with single contact wire
and stitched catenary suspensions.

front of gnd behind the analysis section.

ensure that all pantographs can completely pass the analysis section, additional spans can bq necessary

or parts|of the model outside the analysis sectiofn; model data may be generated basgd on the
given dafa for the analysis section.

iven in Table B.43.

In Table B.43:

mast positions refer to the first mast (M1) in overhead contact line model;

dropper positions reférto the left mast in mentioned span length;

left apd right stitchiwire positions refer to the left mast in mentioned span length.

of dropper (X) along the span and the contact wire height (CWH) at each drpper are
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Figure B.2 — Basic dropper arrangement span type-ST1
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Figure'B-3 — Basic dropper arrangement span type ST2
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Figure B.4 — Basic dropper arrangement span type ST3
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Figure b.9> — basic dropper arrangement span type Sl14
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Figure B.6 — Basic dropper arrangement span type ST5
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Figure B.7 — Basic dropper arrangement span type ST6
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Figure B.8 — Basic dropper arrangement span type’'ST7
B.2.2.4 Support data
The support data are given in Table B.44. The encumbfances at each supporfl are the
differences between messenger wire and contact wire he€jght, see Table B.44.
Table B.44 — Data of\supports
Mast . Right
Left span number Heights Stagger Tension span
L, Fg, Rgmark
Span e force SW Span
Position cw Mw cw Mw
length length
[m] [m] [m] [m] | {m] [m] [N] [m] [N] [m]
Catenary 1
variable M1 53 |7,069| -0,3 | -0,3 3500 1,15 | 656 s1 Start of analysis
section
variable 0,0 48,78 |See Figure B.10
s1 M2 5,37 7.1 0,3 | 0,3 3500 1,15 | 665 S2
48,78 48,78 46,98 |See Fiqure B.9
S2 M3 53 | 7,1 | -0,3 | -0,3 3500 1,15 | 467 S3
46,98 95,76 46,03 |See Fidure B.10
S3 M4 5,45 7,6 [-0,15|-0,15 - 1,35 | 378 S4 Uplifted support
46,03 141,79 47,96 |See Figure B.9
S4 M5 5,8 7,6 |-0,75|-0,75 - 1,35 [ 2923 S5 Uplifted support
47,96 189,75 48,32 |See Figure B.11
S5 M6 62 | 62 | 37 | 42 ; - ; . |Tensioning
device
48,32 238,07 -
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Left span nﬂnr:zter Heights Stagger Tension z;_:;r:‘t
Span e force SW Fea Fsa Span Remark
length Position Cw MW Cw Mw length
[m] [m] [m] [m] [m] [m] [N] [m] [N] [m]
Catenary 2
- M7 62 | 62 | 37 | 42 ; - - s6 | oneloning
- 0,0 47,28
S6 M8 58 | 7,6 | 0,75 | 0,75 - 1,35 [1494| s7 |Uplifted support
47,28 47,28 46,98 |See Figure B.11
s7 M9 545 | 7,6 | 0,15 | 0,15 - 1,35 | 465 | S8 |Uplifted support
46,98 94,26 46,03 |See Fidure B.10
s8 M10 53 | 685 | 03 | 03 3 500 1,15 | 383 | s9
46,03 140,29 47,96 (|See Fidure B.9
s9 M11 53 | 685 | -0,3 | -0,3 3 500 1,15 | 740 | s10
47,96 188,25 49/82 |See Fidure B.10
s10 M12 53 |7,141] 0,3 | 0,3 3 500 1,15 | 498 YO s11
49,82 238,07 54,99 |See Fidure B.9
s11 M13 53 |7,156 | -0,3 | -0,3 3 500 1,15% 709 | s12 i‘;‘;f;u ot
54,99 293,06 62,98 gi‘;'ﬁ’;ffﬂ; 810
s12 M14 53 |7,222| 0,25 | 0,25 3 500 1,25 | 262 | S13 i‘;‘;féwlemem
62,98 356,04 62,98 g‘;g";ﬁ”ci'}‘e B9
s13 M15 53 [7,159| -0,3 | -0,3 3 500 1,15 | 714 | s14
62,08 419,02 62,98 |See Fidure B.10
s14 M16 53 [7,103] 0,25 |-0,25 3 500 1,25 | 228 | s15
62,08 482,0 62,98 |See Fidure B.9
s15 M17 53 [7,121]~0;3 | -0,3 3 500 1,15 | 714 | s16
62,08 544,98 62,98 |See Fidure B.10
$16 M18 53 [7,184 | 0,25 | 0,25 3 500 1,25 | 233 | S17 |Fix-Poiht
62,98 607,96 61,98 |See Fidure B.9
s17 M19 53| 7,15 | 0,3 | -0,3 3 500 1,15 | 716 | s18
61,08 669,94 62,98 |See Fidure B.10
s18 M20 53 [7,234] 0,25 | 0,25 3 500 1,25 | 228 | s19
62,08 732,92 62,98 |See Fidure B.9
s19 M21 53 | 7,11 | -0,3 | -0,3 3 500 1,15 | 714 | s20
62,08 795,9 62,98 | See Fidure B.10
$20 M22 53 [7,194] 0,25 | 0,25 3 500 1,25 | 228 | s21
62,08 858,88 62,98 |See Figure B.9
s21 M23 53 | 717 | -0,3 | -0,3 3 500 1,15 | 722 | s22
62,08 921,86 58,98 |See Figure B.10
s22 M24 53 [7,194| 0,25 | 0,25 3 500 1,25 | 317 | s23
58,98 980,84 52,73 |See Figure B.9
s23 M25 53 | 685 |-03|-03 3 500 1,15 | 807 | s24
52,73 1033,57 48,98 |See Figure B.10
s24 M26 53 | 685 03 | 03 3 500 1,15 | 363 | s25
48,98 1 082,55 47,98 |See Figure B.9
s25 M27 545 | 7,6 | -0,1 | -0,1 - 1,35 | 748 | s26 |Uplifted support
47,98 1 130,53 48,98 |See Figure B.10
S26 M28 58 | 76 | 05 | 05 - 1,35 | 1487 | s27 |Uplifted support
48,98 1179,51 51,23 |See Figure B.11
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Mast . Right
Left span number Heights Stagger Tension span
L, Fg, Remark
Span force SW Span
Position cw MW | CW MW
length length
[m] [m] [m] [m] [m] [m] [N] [m] [N] [m]
s27 M29 62 | 62 | 37 | 42 ; - - - ge”.sioning
evice
51,23 1 230,74 -
Catenary 3
- M30 62 | 62 | 37 | 42 ; - - s28 | lensioning
device
- 980,84 51,23
S28 M34 578 e 075 075 45352673 529 Yptifted support
51,23 1 032,07 48,98 |See Fidure B.11
S29 M32 5,45 7,6 0,1 0,1 - 1,35 | 361 S30 Uplifted support
48,98 1 081,05 47,98~ |'See Fidqure B.9
S30 M33 5,3 7.1 -0,3 | -0,3 3500 1,15 | 747 $31
47,98 1129,03 48,98 |See Fidqure B.10
S31 M34 5,3 7.1 0,3 0,3 3500 1,15 | 441 S32
48,98 1178,01 52,73 |See Fiqure B.9
S32 M35 5,3 6,85 | -0,3 | -0,3 3 500 1,25 776 |variable | End of pnalysis
section
52,73 1 230,74 variable | see Fidure B.10
S (1
SwW
°
'_
(&)
| -
Cw §
= l
o Kt “

IEC

Figure B.9 — Basic support arrangement Mast Type MT1 (pull-off)
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Figure B.10 — Basic support arrangement Mast Type MT2 (push-off)

S oo

e

CWH
=

__ Stagger

IEC
Figure B.11 — Basic support arrangement mast type MT3 (tube steady arm)

B.2.3 Pantograph data

Table B.45 contains data of a real existing pantograph for high speed, which is certified as an
interoperable constituent according to the TSI LOC & PAS [3].

The pantograph is defined as a discrete mass-spring-damper-model as shown in Figure A.4.
The model parameters are given in Table B.45. For the distance between pantographs see

B.2.2.1.
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Reduced dynamic mass m, 1,31
[kal

My 9,00

Mgy 8,50
Damping ¢y 13,10
[Ns/m]

¢y 0,00

Cq 30,00
Stiffness ky 0,00
[N/m]

ky 2 200,00

ky 7 000,00
Mean contact force at 302 km/h leading pantograph [N] r 143,00
Mean contact force at 302 km/h trailing pantograph [N] " 161,00

NOTE These pantograph model parameters fulfil the requirements of.6:3.

B.2.4 Calculated and measured data of OCL-rest position for validation

The datalin Table B.46 shall be used for comparison withthe results of the simulation
for the cglculation of the overhead contact line rest position, and its static lift position
lengths gre based on a calculation of an independént software for design and ass
catenarigs and cantilevers. The elasticity values iayTable B.46 are measured at eac

and dropper position applying an uplift of 100 mm.

For the cpmparison, data from spans S14.and S15 was used, see Table B.43. Each s

software
Dropper
embly of
N support

pan (see

Figure BJ2) is 62,98 m long with 18 m,stitch wires at mast and one dropper to stitch wire on

both sides and five droppers to messenger wire in the middle.

Table B.46 —Dropper length and system elasticity

Dropper Sapport 1 2 3 4 5 6 7 Support

Position inside of span [m] 0,0 5,00 |[13,83| 22,66 31,49 40,32 49,15 57,98 62,98
Span/Support M15 S14 M16
Dropper lgngth [m] - 1,418 | 1,419 | 1,292 1,244 1,277 1,389 1,377 -

System elgsticity [mm/N] 0,299 0,308 | 0,357 | 0,358 0,374 0,358 0,346 0,323 0,346
Span/Support M16 S15 M17
Dropper length [m] - 1,373 | 1,380 | 1,262 1,225 1,266 1,388 1,381 -

System elasticity [mm/N] 0,346 0,328 | 0,364 | 0,355 0,367 0,349 0,353 0,294 0,289

B.2.5 Measuring data of dynamic interaction for validation

The data shown in Table B.47 are the results of line test according to EN 50317, filtered with a

6th order filter and a cut off frequency of 20 Hz.

Data for uplift at support M13 and M14 are measured with the help of a stationary uplift
measurement equipment according to EN 50317.
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B3 M

B.3.1

Subclaus

B.3.2
B.3.2.1

The calc

— aspepd of 250,6 km/h (in accordance with line test),
— two ppniegraphs with a distance of 243 m between consecutive pantographs;
— a frequency range of interest irom U Hz to 20 HZ.

Table B.47 — Measurement result from line test

Measurement results

Speed [km/h] 302
Pantograph 1 2
Pantograph distance [m] 192

F, [N] 143,0 161,0
o [N] (incl. low pass filter 20 Hz) @ 27,0 32,6
o (0 Hz to 5 Hz) [N] P 19,8 22,7
o (5 Hz to 20 Hz) [N] ® 17,3 22,0
o (0 Hz to 20 Hz) [N] ® 26,3 31,6
Actual maximum of contact force [N] &:¢ 230,0 254,0
Actual minimum of contact force [N] 2:° 27,0 42,0
Uplift at support M13 [mm] 47,0 49,0
Uplift at support M14 [mm] 52,0 56,0
Percentage of contact loss [%] © 0,0 0,0

a8 Analysed in time domain.

b Analysed in frequency domain by FFT.

¢ Values not used for validation.

General

Parameters of simulation

lation shall.be carried out for:

Simulation data foroverhead contact line model

leasurement results of simple DC high speed overhead contact line

es B.3.2 to B.3.4 contain data from real existing DC overhead contact line s
high speg¢d, which is certified as an.interoperable constituent for the European netwo

bction for
k.

The overhead contact line is defined by two parallel simple catenary systems with one
messenger wire and one contact wire each. The analysis section is determined as a length of
1 736 m including 35 spans (S1 to S35) and the supports (M1 to M38). The analysis section

includes the data of a real OCL, two 3-span-overlaps, on straight track.

B.3.2.2

Model parameter and mechanical data of OCL

The mechanical tension and the mass per unit length are given in Table B.48. The mechanical
data of clamps and other components are given in Table B.49.
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Table B.48 — Mechanical values of wires
Wires and ropes Tension mass/unit length Young's Modulus E Cross section
N kg/m kN/mm? mm?Z
Contact wires 18 750 1,335 120 150
Messenger wires 15 000 1,070 120 117
Dropper wire - 0,152 113 16
Steady arms - 0,730 70 270
Table B.49 — Mechanical values of clamps and other OCL-components
No. Element Mass Remark
kg
- Lower dropper clamp 0,145
- Upper dropper clamp to messenger wire 0,170
1 Contact wire clip at steady arm 0,350
B.3.2.3 Geometrical data of overhead contact line
The ovefhead contact line is defined by two parallel{simple catenary systems jwith one
messenger and one contact wire each.
NOTE Tolensure that all pantographs can completely passhe analysis section, additional spans can bg necessary
in before of and after the analysis section.
For parts|of the model outside the analysis\section, model data may be generated basgd on the
given dafa for the analysis section.
Positions| of droppers (X) along thespan and the contact wire height (CWH) at each dropper
are givenl in Table B.50.
In Table B.50:
— mast positions refer to the first mast (M1) in overhead contact line model;
— dropper positiens refer to the left mast of the mentioned span length.
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