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ABSTRACT
A Benchmark of railway multibody dynamics software application
to switches and crossings (S&C) is presented, comparing all major
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commercially available software and a few independent codes. Two Accepted 16 July 2021

different representative S&C have been implemented, using the
Manchester Benchmark passenger vehicle. The final results show
that all software offer a reliable and efficient way to understand
the kinematic and dynamics forces between the wheels and the
track elements. The highest challenges are found when modelling a
combination of multiple rails in simultaneous contact with a wheel
(check-stock or switch-stock), large longitudinal variations in rail
shape (crossings) and high lateral steering forces (diverging cases
in tight radius). In those cases, the codes able to account for the
exact relative motion of each wheels with respect to each rails inde-
pendently are the most apt. The most significant variations between
software are found in the contact prediction with an influence on the
detailed contact tangential and normal forces. The user variability
is found to be very small, with the most time-consuming and error
prone being the task of handling the input data for the variable rails
definition. All software could benefit from improvements to assist the
user and ensure higher reliability and efficiency generally.
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1. Introduction

This paper presents the Switches & Crossings Benchmark and its results, following a call
for participation announced at the 2019 IAVSD conference in Goteborg, Sweden. The
Benchmark concerns simulation of dynamic vehicle-track interaction in switches and
crossings (S&C, turnout) using multibody simulation (MBS) software. The main purpose
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of this paper is to present and compare the results submitted by participants in response to
the Benchmark task together with an overview of the corresponding modelling and sim-
ulation techniques they used to complete it. Full method statements from participants are
available online [1]. For the reader interested to perform the exercise after this publication,
the task description and data sources required to do so are also available [2,3].

1.1. Background and motivation

There have been a number of simulation Benchmarks performed in railway mechanics
since the late 1990s on, for example, vehicle dynamics, vehicle-track interaction at high
frequencies and more recently on longitudinal train dynamics, contact and vehicle pan-
tograph—catenary interaction [4-8]. A Benchmark on S&C has, however, been missing
which led to the present initiative. S&C merit the attention of a tailored Benchmark as
they constitute some specific challenges in terms of modelling and simulation of dynamic
vehicle-track interaction:

1) In S&C, there are large and sudden changes in rail profile geometry along the track.
This constitutes a challenge in terms of rail surface geometry modelling. Given the
stiffness of the wheel/rail (w/r) contact, the slightest distortion in the rail surface
description can induce significant shifts in contact conditions and result in large
dynamic contributions to the w/r contact forces.

2) Wheels passing through a switch or a crossing panel can make simultaneous con-
tact with multiple rail bodies that can deform and displace relative to one another,
i.e. the stock rail and switch rail in the switch panel and the check rail and stock rail
in the crossing panel. This calls for more elaborate track and w/r contact modelling
compared to plain line.

3) Due to the varying rail and track sections throughout S&C, track properties will vary
along the track by design.

For this Benchmark, participants have been given the task to model the switch panel
and crossing panel for two different S&C designs and to simulate dynamic vehicle-track
interaction in those panels. Rail geometry data have been provided in the form of discrete
cross-sections and the track properties are represented using co-running track models with
specified properties. Traffic is represented by the passenger vehicle from the Manchester
Benchmarks [4].

In doing so, this Benchmark is foremost addressing point (1). This is because the great-
est source of results variation between participants and modelling approaches is expected
to stem from the rail geometry and how it is represented between the given cross-sections.
Point (2) is accounted for in the Benchmark as the track model features individual bodies
for each independent rail. The challenge here is to demonstrate the modelling and simu-
lation capability for a track model with this topology, allowing for simultaneous multiple
points of contact of the wheel onto the track components. Point (3) is accounted for via
separate track properties for the switch and crossing panel, but the continuous variation
during simulation is not addressed in this Benchmark.

In addition to addressing these particular S&C features in simulation and compar-
ing the obtained results between different software and modelling approaches, the S&C
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Benchmark has also (a) contributed to the creation of a set of reference simulation cases
for dynamic vehicle-track interaction in S&C using multi body simulation tools and (b)
knowledge sharing and advance of the state-of-the-art in S&C simulations within the rail-
way dynamics community which should ultimately help improve the railway sector as a
whole. It has to be noted, however, that this benchmark does not constitute an absolute ref-
erence for the validation of vehicle dynamic interaction in S&C as the participants results
are compared amongst themselves for a set of nominal simulation cases and not against
actual physical measurement of the same situation.

1.2. Overview of the Benchmark simulation cases

The simulation cases are listed in Table 1, where cases based on the 56E1 rail section comes
from a UK design and the one based on the 60E1 from a Swedish design. The switch and
crossing panels have been evaluated separately to prevent differences in modelling and
simulation in the switch panel to propagate and give different initial conditions once the
vehicle enters the crossing panel. To simplify modelling, the varying S&C rail profiles are
always located on the right-hand side of the track, as shown in Figure 1. In this way, the
only change that has been needed to change simulation set-up from the through to the
diverging route has been a change in track layout and vehicle speed. Run 9 is introduced to
allow for a baseline comparison of each participant’s simulation set-up and vehicle model.

As the main purpose of the Benchmark has been to evaluate modelling and simulation
of S&C rail profile geometry in different software, the requested results for the Benchmark
submission are focused around the w/r interaction. A full description of the Benchmark
simulation cases is available in the Benchmark statement [2].

1.3. Participants

Table 2 lists the participating institutions and software used. There is a total of 19 sets
of results submitted by 18 independent participants (TTCI provided two sets of results
using a different w/r contact coupling approach), using nine independent software, two of
which being research programmes (SDITT and MUBODyn), while the others are com-
mercially available and all but VOCO participated in the original Manchester Benchmark
(VI-Rail was then ADAMS/Rail). For two of the software, there are multiple results sets
submitted by different participants, seven for Simpack and four for VI-Rail. Amongst the

Table 1. Simulation cases

Run S&C Panel Route Direction Speed (km/h)
1 56E1V-R245-1:9.25 Switch Through Facing 100

2 56E1V-R245-1:9.25 Switch Diverging Facing 43

3 60E1-R760-1:15 Switch Through Facing 160

4 60E1-R760-1:15 Switch Diverging Facing 80

5 56E1V-R245-1:9.25 Crossing Through Facing 100

6 56E1V-R245-1:9.25 Crossing Diverging Facing 43

7 60E1-R760-1:15 Crossing Through Facing 160

8 60E1-R760-1:15 Crossing Diverging Facing 80

9 Identical to Run #2 but with a constant 56E1 rail profile replacing the stock

rail geometry and the switch rail geometry being removed (retaining the same
track formulation)
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Figure 1. Locations for varying rail geometry for the simulation cases in Table 1. Runs 1 and 3 (top left),

Runs 2 and 4 (top right), Runs 5 and 7 (bottom left) and Runs 6 and 8 (bottom right)

Table 2. List of participants and software used (in alphabetical order)

Acronym Participant institution Software
Software developers
1 GENSYS DEsolver/KTH/CQU GENSYS fasim_4
2 MEDYNA ArgeCare MEDYNA
3 MUBODyn Instituto Superior Técnico, Lisboa MUBODyn
4 NUCARS-fit T7Cl NUCARS FIT
5 NUCARS-wnt T7C NUCARS-WNT
6 SDITT Southwest Jiaotong University SDITT
7 Simpack Dassault Systemes Simpack 2020x
8 Vampire No developer involveds Vampire 6.60
9 VI-Rail VlI-grade VI-Rail 19.dev
10 vVoco ESI Group/Univ. Gustave Eiffel/IFSTTAR VOCO 2020
Software users
1" Chalmers Chalmers University of Technology Simpack 2020x.2
12 D2S D2S International VI-Rail 19.0
13 GMUNIFI Universita di Firenze VI-Rail 18.0
14 Polito Politecnico di Torino Simpack 2020
15 PROSE PROSE Simpack 2019.1
16 TUB Technische Universitat Berlin Simpack 2020x
17 UoB Birmingham University Simpack 2018x.2
18 UoHvi University of Huddersfield VI-Rail 18.0
19 VDG Vehicle Dynamics Group Vampire 6.60
20 ViF Virtual Vehicle Research GmbH Simpack 2020

* VDG as a user is the only representative for the Vampire software.

participants, there are 10 university/research institutes, while the rest are either software
developers and/or consultancy companies. While this benchmark was initially carried out
blind by all participants, there was then a period of consultation during which interim
results were made available, leading to revision and improvements, mainly because of
errors of interpretation or implementation.

The greatest differences in method and results between participants in the Benchmark
are found between software. This is natural as some aspects of the method used to simulate
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the Benchmark cases are software rather than modeller specific. For the sake of presenta-
tion, two groups of participants have therefore been defined. The first one is software lead
participants consisting of software developers and VDG as the sole user of Vampire. The
second group consists of the users of Simpack and VI-Rail.

2. Compilation of method statements

This chapter is a compiled summary and comparison of the modelling and simulation
methods employed by the Benchmark participants to complete the exercise. The informa-
tion comes from participants’ method statements that are formulated around the questions
asked in the Benchmark statement [2]. The compilation is focused on the principal ideas
used to model the Benchmark cases and is therefore by necessity succinct. For full details
on each participants’ contribution, see their full method statement [1].

2.1. Geometry implementation

The Benchmark rail geometry is provided as sets of transversal rail cross-sections with
specified positions along the track. This section will give an overview of how participants
built the 3D rail geometry from this input in their software. The discussion will be bro-
ken down into two parts: (a) the implementation of individual 2D cross-sections and (b)
the construction of 3D rail sections and their representation in time domain simulations.
Frequently used terms in this section are defined in Table 3.

2.1.1. Two-dimensional cross-sections

Among the Benchmark submissions, there are three methods for representing individual
cross-sections in software: (a) spline fit, (b) discrete data points and (c) a fitted chain of circle
segments. Regardless of the representation format in the software, modellers are faced with
implementation choices. These can mainly be put into two categories: (a) smoothing or
alteration of the profile shape or discretisation, particularly with a focus on the smoothing
of the running surface for more regular contact conditions in the case of irregular curvature
variations, and (b) cropping or splitting of the profiles in order to control the build-up and
interpolation of 3D rail sections. The methods used by software to represent the cross-
sections are listed in Table 4. Comments in the implementation are found in Table 5 for
software participants and in Table 6 for software users. The modifications include different
levels of applied smoothing in the spline fit, different discretisation steps and one instance

Table 3. Definitions of frequently used terms in the description of rail geometry implementation

Term Definition

(rail) cross-section or profile A 2D transversal cross-section of the rail head described by a curve defined by discrete data
points. As supplied with the Benchmark input data set or interpolated from the provided

data

(rail cross-section) segment A partial length of a rail cross-section curve

(rail) section A local length of rail with specified start and end points along the track

(rail) section break An interruption (stop/start) in the otherwise continuous rail profile interpolation in the
longitudinal direction

(rail) running surface The rail surface area(s) where w/r contact is expected during vehicle running. Also applicable

to the corresponding segment(s) on individual cross-sections
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Table 4. Software methods for the implementation of 2D rail cross-sections

Software Method

GENSYS The profiles are read as discrete data points in the w/r coupling creep_fasim_4 used in the Benchmark.

MEDYNA The profiles are represented with a cubic spline fit.

Simpack ditto

VI-Rail ditto

VOCO ditto

MUBODyn ditto

NUCARS The profiles are described as a fitted chain of circle segments.

SDITT Each profile is split into segments described by cubic splines. Segment break points are introduced
where the first derivative of the profile curve is zero

Vampire The profiles are read as discrete data points.

Table 5. Details on the implementation of 2D cross-sections for software participants

Software participant Implementation details

GENSYS The profiles are used as given except for sections 81-129 for the 56E1 crossing that are modified to
avoid the sharp corner present at the top of these profiles

MEDYNA The profiles are used as given

MUBODyn N/A

NUCARS Each cross-section is represented by 10-24 circle segments

SDITT Profile smoothing is applied

Simpack Profile smoothing is applied due to irregular profile curvatures. One higher level of smoothing is
applied to the 60E1-R760-1:15 switch rail and a common lower level of smoothing for all other
profiles

Vampire (VDG) Multiple profiles (stock rail, switch rail and opposite stock rail, for example) are combined in a single

file at each longitudinal position. All profile overlaps are removed, and cubic splines are used to
increase point density on running surfaces. Point density is reduced on non-running surfaces
VI-Rail N/A
VOCO Profile smoothing is applied. The lateral overlap between switch rail and stock rail profiles is removed
to fit the VOCO format. The modification does not affect the running surfaces. The profiles are
represented by one cubic spline per cross-section and per rail body (stock rail, switch rail, crossing
nose, wing rail)

Table 6. Details on the implementation of 2D cross-sections for software users

Simpack user Implementation details

Chalmers No profile smoothing is applied.

Polito ditto

PROSE ditto

TUB ditto

UoB Profile smoothing is applied, and the software provides a user operated smoothing process
ViF ditto

VI-Rail user

D2S No profile smoothing is applied, and the software does not offer a user operated smoothing process
GMUNIFI ditto

UoHvi ditto

of rounding the top of the 56E1 crossing profiles. The second category of modifications will
be covered under 3D geometry representation. Minor comments are made with regard to
the wheel profile implementations. These can be found in the method statements.

2.1.2. Three-dimensional geometry representation

Among the software in the Benchmark, there are four principal methods to represent rail
geometry between given cross-sections in time domain simulations: (a) to perform geo-
metrical interpolation between the provided cross-sections online during simulations to
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obtain the profile at a given longitudinal wheel position (the majority of software). (b) To
solve the w/r contact problem for cross-sections in advance for a range of contact condi-
tions, tabulate the results, and then interpolate between the contact lookup tables online
during time domain simulations (NUCARS-WNT, Vampire). (c) Is analogous to the pre-
vious, but instead of contact tables the parameters needed for the contact calculations are
tabulated instead and interpolated online to calculate the contact conditions (VOCO). (d)
To implement the geometry as a series or rail sections where each section has a constant
profile (NUCARS FIT).

For the software that interpolate on the geometry, the interpolation orders range from
linear to cubic spline. In addition to the geometry interpolation method used by the soft-
ware, the resulting geometry is highly dependent on how the modeller chooses to define
the reference sections that specify the interpolation paths. The definition of the longitudi-
nal geometry interpolation is most critical where there are large geometric changes from
one cross-section to the next and where a direct interpolation would lead to a severely
warped profile. In practice, these changes mainly concern the crossing geometries that
feature several step changes in cross-section geometry along its length.

Figure 2 shows the rail cross-sections corresponding to the 56E1 crossing. In this figure,
the alternating colours for the rail sections visualise the two principal ways that modellers
have defined distinctive rail sections for geometry interpolation. In the left plot, the cross-
ing is divided into several longitudinal rail sections with interpolation breaks in between.
In the right plot, the geometry is modified and split into two rails, i.e. the wing rail and
the crossing nose, and then the geometry interpolation is performed separately on each
continuous rail body which avoids the necessity of interpolation breaks at the beginning
and end of the distance where the crossing nose and wing rail overlap in the longitudinal
direction.

In order to create the rail sections in Figure 2(a) from the given rail geometry data,
the first task is to identify step changes in cross-section geometry between adjacent cross-
sections. This can either be done via visual inspection or, as in MUBODyn, via a tolerance
for when the profile arc length or another geometric measure of two adjacent cross-sections
differ by a certain amount. To build the section break, the profile with the longer arc length
is trimmed such that the remaining profile shape matches the profile with the shorter arc
length. At the wing rail to crossing nose transition, for example, this means that the first
cross-section including both the crossing nose and wing rail is trimmed such that only the
wing rail remains and that its overall shape matches the preceding wing rail profile. Posi-
tioning the trimmed profile at the same longitudinal coordinate as the original profile, two
cross-sections are defined at the same location. This allows for one geometry interpola-
tion leading up to this location and another one leading from there while not introducing
any irregularities in the running surface (i.e. continuous contact conditions) as the two
cross-sections match one another exactly on the overlapping segment.

The software that interpolate between contact tables (Vampire, NUCARS-WNT) and
contact parameters (VOCO) use linear interpolation between cross-section data. Exam-
ples of how the interpolation can be controlled with this approach are analogous to those
found for the interpolation of geometry (a) via the selection of a subset of the provided rail
cross-sections for interpolation and (b) the introduction of additional sections in certain
locations to guide the interpolation and (c) the introduction of separate rail bodies for two
adjacent rails (e.g. crossing nose and the wing rail) to perform the interpolation separately
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(a) (b)

Figure 2. The two principal methods present among the Benchmark submissions for geometry inter-
polation in the crossing transition. Interpolation breaks (a) and interpolation breaks and separation of
crossing nose and wing rail into two geometric entities (b).

for these two bodies. This latter approach is analogous to the geometry implementation in
Figure 2(b). For more information on the use of contact tables in MBS simulations, see e.g.
[9,10]. For comments on the use of piecewise constant cross-sections, see the NUCARS
FIT entry in Table 8.

Table 7 presents how software account for the 3D rail geometry in time domain simula-
tions. Comments on the implementation are given in Table 8 for software participants and
in Table 9 for software users.

2.2. Track model

The track model topology specified in the Benchmark is presented in Figure 3. It is a
co-running track model where the same system of masses and bushings is replicated inde-
pendently under each wheelset. For simulations in the switch panel, masses 1, 3 and 4
are active to represent the opposite stock rail, switch rail and main stock rail, respectively.
For simulations in the crossing panel, masses 1, 2 and 4 are active to represent the oppo-
site stock rail, the check rail and the crossing rail, respectively. The ground reference is
a track-following coordinate system running along with each wheelset and track model
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Table 7. Software methods to represent rail geometry between given cross-sections in time domain
simulations

Software Method

GENSYS Linear longitudinal interpolation between adjacent cross-sections to obtain the profile at the contact
location. The interpolation is performed between corresponding profile segments (not necessarily
the full profile on both ends) to avoid profile warping at discontinuous changes in rail profile
shape. Calculations are performed online. The method description concerns the w/r coupling
creep_fasim_4 used in the Benchmark

MEDYNA Longitudinal interpolation of cross-sections using Bezier splines to obtain the profile at the contact
location. Calculations are performed online

Simpack ditto

VI-Rail ditto

MUBODyn Longitudinal interpolation of the given cross-sections using cubic splines prior to analysis. These
splines are then used to interpolate cross-sections (also described by cubic splines) online during
simulations

NUCARS Penetration model (FIT): Piecewise constant cross-section changing for each discretely given profile

for online contact calculations
Rigid contact model (WNT): Discrete cross-sections used to generate w/r contact tables. Linear
interpolation between contact tables in time domain simulations
SDITT Linear longitudinal interpolation between rail cross-sections to obtain the profile at the contact
location. The interpolation is performed between corresponding profile spline segments that each
have the same number of points in their discretisation. Calculations are performed online

Vampire Discrete cross-sections are used to generate w/r contact tables. Table-to-table contact data are then
linearly interpolated in time domain simulations
VoCco Each rail body is discretised individually. The discretised bodies are used to tabulate the contact

properties in advance (normal stiffness, entries of FASTSIM, rolling radius variation, w/r distance).
Double linear interpolation of contact parameters, between two cross-sections and two lateral
positions of the wheel, is performed in the time domain. The w/r contact is solved from this
interpolated data

Table 8. Comments on the implementation of 3D rail geometry for software participants

Software participant Implementation details

GENSYS N/A

MEDYNA Section breaks are introduced at rail profile discontinuities

MUBODyn ditto

SDITT ditto

Simpack ditto

VI-Rail ditto

NUCARS FIT & WNT All profiles are adjusted to a common gauge line in the set-up of the simulations and the gauge

line and height variations of profiles are modelled using track irregularities that vary linearly
between cross-sections

Vampire (VDG) Only a subset of the provided cross-sections that are deemed relevant for the rail geometry
description are used to avoid interpolation and discretisation issues. Existing sections are
duplicated and shifted laterally and longitudinally when necessary to create intermediate
contours for contact table interpolations

VOCO The wing rail and crossing nose are discretised individually and give their own interpolation of
contact parameters even though they are rigidly connected

system. Most software uses a joint or constraint definition for each track mass and rail
body that allow for displacement and rotation in a plane orthogonal to the track tangent
direction while the longitudinal position along the track is prescribed by the vehicle speed
(see details in Table 10).

For the participant entries where the software support the implementation of the full
Benchmark track model (the majority of cases), the main difference in the implementation
stem from whether the rail’s rotational degrees of freedom (DOFs) are constrained to the
track mass via constraints or stiff rotational springs, or whether they are constrained with
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Table 9. Comments on the implementation of 3D rail geometry for software users

Simpack user Implementation details
Chalmers Section breaks are introduced at rail profile discontinuities
Polito ditto

ViF ditto

PROSE Section breaks are introduced at rail profile discontinuities

Certain profiles are divided into multiple lateral sections where each section is associated with its
own longitudinal interpolation. Intermediate profiles are created at some locations that possess
characteristics of both adjacent profiles

TUB Section breaks are introduced at rail profile discontinuities
All stock rails are truncated below the gauge corner line to ensure a consistent interpolation
UoB Section breaks are introduced at rail profile discontinuities
60E1 crossing profiles are trimmed at the ends for improved interpolation.
VI-Rail user
D2S The provided rail cross-sections are imported in the software SpaceClaim to create rail surfaces that
account for rail discontinuities. These surfaces are then discretised to generate input for VI-Rail
GMUNIFI Section breaks are introduced at rail profile discontinuities
UoHvi ditto
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Figure 3. Topology of co-running track model for the Benchmark.

respect to the track-following coordinate system. For entries where alterations are required
due to software limitations, simplifications include, for example, the use of massless rails
and one rail body per track side (Vampire (VDG), NUCARS-WNT) or the coupling of
the check rail contact to ground (Vampire (VDG), GMUNIFI, NUCARS FIT). The track
model implementation for software participants is presented in Table 8. The software user
variability is presented in Table 11.

2.2.1. Comments on the calculation of track preloads

During the comparisons of initial results for this Benchmark exercise, a significant vari-
ability in results was observed for the vertical wheel position and relative w/r movement
in the switch panel simulation cases due to the wheel transition from the stock rail to the
switch rail. The origin of these discrepancies could be traced to different ways of initialising
simulations and the calculation of track and w/r interface preloads.

In the set-up of MBS simulations, it is common that preloads are introduced in the
model’s force elements. In contrast to a static equilibrium simulation where the equilib-
rium of the system is sought in terms of system displacements, the preloads are calcu-
lated to achieve full or partial equilibrium of the system in a given (typically nominal)
configuration.
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Table 10. How the co-running track model is implemented among software participants

Software participant Method

GENSYS The co-running track model is implemented according to the Benchmark definition. Constraints
are used to lock rail rotations to the track mass

Simpack ditto

MEDYNA The co-running track model is implemented according to the Benchmark definition

MUBODYN ditto

SDITT ditto

NUCARS-WNT and FIT  The rails and track structure are modelled as massless, with the rails coupled directly to the ground
in the vertical direction. For this Benchmark study, an optional feature was used that inserts a
massless track body between the rails and ground in the lateral direction. One massless body
is used to represent the switch and stock rail, and one massless body is used for check rail and
stock rail, respectively. The track model uses equivalent stiffness and damping between each
rail and the ground and/or tie, and between tie and ground in the vertical and lateral direction,
with the lateral stiffnesses corresponding to the Benchmark track model

Vampire (VDG) The track model implementation includes the following simplifications: (a) there is only one rail
body on each side of the track and these bodies are massless and (b) the check rail is mounted
directly to ground and is modelled as a gap function between the wheelset lateral displacement
and the check rail contour

VI-Rail The co-running track model is implemented according to the Benchmark definition. Equivalent
track properties are computed for central track mass bushing. Stiff bushings are used to
constrain the rotational rail DOFs to the track mass

VOCO The vehicle and track are treated as separate subproblems and are coupled in simulations using a
co-simulation logic. The track model is implemented as specified, but only the lateral DOF of
the track model is fed back to the vehicle dynamics for the check rail. The track model is a new
development for the Benchmark

Table 11. How the co-running track model is implemented among software users

Simpack user Method

PROSE The track model is implemented according to the description. Separate joint couplings between rails
and track mass are introduced to constrain the rails’ rotational DOFs to the track mass

Chalmers The track model is implemented according to the description. Constraints are used to lock the rails’
rotational DOFs to the track mass

ViF ditto

UoB ditto

Polito The track model is implemented according to the description, but the rotational DOFs of the rails are
locked with respect to the inertial system instead of the track mass.

TUB The track model is implemented according to the description. Torsional springs of high stiffness are used
to constrain the rail rotational DOFs to the track mass

VI-Rail user

D2S The co-running track model is implemented according to the Benchmark definition. Equivalent track
properties are computed for central track mass bushing. Stiff bushings are used to constrain rotational
rail DOFs to the track mass

UoHvi ditto

GMUNIFI The track model is implemented according to the description, but switch rail and check rail bodies are

coupled to ground, not to the track mass as this feature is not readily available. Stiff rotational springs
are used to constrain the rotational DOF for the rail bodies

Due to the pairs of rail bodies on each side of the track model, care must be taken in
the preload definitions to avoid the introduction of any unintended offset in the relative
positioning of the rails. If a preload is introduced to the rail bushing that is loaded at the
start of simulations (i.e. a stock rail), and none to the adjacent unloaded bushing (i.e. switch
rail or check rail), an offset would have been introduced in the positioning of the two rail
bodies in the nominal unloaded configuration as the stock rail would move upwards due
to the preload force. Another possible reason that could introduce an offset is the func-
tionality available in some software that shifts the rail profile with respect to the rail body
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to engage the w/r contact and reach a specified preload. Both effects can be cancelled by
either duplicating the computed preload settings to the adjacent rail or to avoid preloads
in the track and w/r contact altogether and instead solve for the static equilibrium before
time domain simulations. This discussion mainly concerns vertical preloads. Preloads in
the lateral direction would be much smaller than the vertical and practically irrelevant from
the perspective of simulation initialisation. They are also not recommended as they would
effectively correspond to a track gauge change.

2.3. Wheel/rail coupling

The wheel/rail (w/r) coupling is here defined as the methods for determining the w/r con-
tact point quantities (such as forces, contact patch dimensions, etc.) and their location on
wheel and rail. This compilation focuses on two main aspects of the w/r coupling: the mod-
elling of individual contact patches and what aspects of relative wheel and rail movement
are considered in determining the contact point locations.

2.3.1. Wheel/rail contact modelling

The theories used to model normal and tangential contact and the resulting forces for each
contact point are listed in Table 12 for software participants and in Table 13 for software
users. GENSYS, Vampire (VDG) and VOCO opted for a simplified modelling of the flange-
back to check rail contact due to the flat and almost vertical nature of the check rail contact
surface. They used an equivalent spring-damper for normal contact and a simple creep-
force model for tangential force calculation with assumed full slip. Contact modelling
parameters for all software are listed in Table 14. Further elaboration on wheel-rail con-
tact modelling in S&C is presented in [11].Contact modellingparameters for all software
are listed in Table 14 and for all participants in Table 15.

2.3.2. Wheel/rail contact detection

The purpose of this section is to give an overview of selected functionality in each software’s
w/r coupling algorithm that can have an impact on S&C simulation cases. As variability in
the w/r coupling functionality is only found between software, there is no user variabil-
ity to report. It is investigated whether the following aspects are accounted for in the w/r
contact search:

Wheel(set) roll

Rail roll

Longitudinal contact point shifts with respect to the wheel centre due to wheelset yaw
Effective change in wheel profile contact geometry due to wheelset yaw

L .

A fifth aspect 