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Simulation modelling and analyses are widely used in a railway vehicle design. They allow to find the most
favourable parameters of wagons in order to achieve high level of ride comfort and running safety. The presented
research is focused creation of an suburban rail vehicle, i.e. a passenger wagon. The simulation model was used for
analysis of dynamic properties for two running cases, namely to find a critical running speed and the derailment
quotient in a curve. The derailment quotient is a factor of running safety of the solved vehicle.
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Introduction

Dynamic analyses play a key role in the
development and optimization of railway vehicle. There
are various ways to perform the analysis. Currently used
programs for computer simulations of railway vehicle
operation provide a significant advantage in terms of time
and financial complexity for optimization purposes
compared to testing vehicles in real conditions on
measuring equipment [1, 2].

One of such commercial multibody programs is
Simpack, which is used at the research authors'
workplace. The basic simulation calculations performed
in these programs include eigenvalue analysis, simulation
of driving on a straight line with investigation of vehicle
running stability, passenger comfort when driving on
worn track, and especially simulation of driving in a curve
and investigation of safety against derailment and loading
of the track and vehicle, etc.

The aim of the research is to perform dynamic
analyses of a suburban railway vehicle with electric
traction. The prescribed minor structural changes to the
vehicle and their impact on the simulation results are
investigated. The research contains theoretical knowledge
about simulation calculations. The next part discusses the
objectives of the research. The work is focused on the
study of dynamic behaviour of vehicles using the
Simpack multibody program and the influence of vehicle
design on it, as well as for the summary of information
and its adaptation.

The need for dynamic analyses of the behaviour
of railway vehicle is influenced by their mechanical
structure. Railway vehicle represents large dynamic
systems with a large number of degrees of freedom, i.e. in
principle, each mechanical body has six degrees of
freedom (3 in the translational sense and 3 in the
rotational sense). Furthermore, there are complex force
elements and also a complex problem of wheel-rail
contact. The number of degrees of freedom is limited only
by mechanical connections. The behaviour of such
systems is therefore complicated and unclear.

Thus, such complex systems cannot be solved analytically
with a meaningful expenditure of effort, time and
financial costs [3, 4].

The basic areas of practical use of dynamic
calculations in the field of railway vehicle include the
conceptual development of new railway vehicle,
calculations for the purpose of dimensioning, verification
calculations, analysis of dynamic forces and movements,
which are used as inputs for other analyses, e.g. strength
analyses of structures, support for driving tests,
comparison of measurement and calculation results,
thereby verifying the correctness and authenticity of the
model, solving problems with vehicles in operation, as
well as measurement, evaluation and design of new wheel
and rail profiles.

The reasons for the use and application of
simulation programs in practice could be briefly
summarized as follows. Simulation calculations allow to
shorten the time and reduce the costs required for the
development of new railway vehicle, to reduce the
number of tests runs of railway vehicle when
experimental measurements are performed, to expand the
possibilities for optimizing railway vehicle parameters,
and also to provide information on the loading of
individual railway vehicles components.

Analysis of recent studies and publications.

Recently, scientists and scholars took their effort
to analyse running properties of rail vehicles by means of
simulation computations at many universities and
institutions. A brief overview of the latest available
studies and publications are provided in this section.

The study performed by Sugathapala et al. [5] is
focused on comprehensively investigation of the influence
of wheel and rail wear on both derailment coefficients and
critical derailment limits when a railway vehicle is
running on a curved track. The authors team revealed that
existing assessment methods have certain deficiencies.
They either fail to account for the critical derailment
limits of rely on conservative criteria known as the Nadal
and Weinstock criterion.
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They conducted multibody dynamics simulations to
numerically determine the greatest derailment quotients
for various combinations of a set of nominal and worn
S1002 wheel and UIC60EL rail profiles.

Another interesting research about the multibody
numerical simulations of post-derailments dynamics of a
trainset the aim at a comparison between guard rails and
derailment containment wall is given by the team of the
authors Santelia et al. [6]. They presented the results of
the research are focused on supporting the design of
effective derailment containment measures through
numerical simulation techniques, employing a multibody
model to simulate the post-derailment behaviour of a
railway trainset. The presented simulation model was
combined with a finite element model of a track-based
derailment containment device and it was used to predict
the forces on the structure resulting from the impact with
the derailed train. The key innovations of the presented
study consisted in a fact, that it considers the modelling
the entire trainset instead of a single vehicle instead of the
effect of inter-vehicle interaction forces due to the traction
gear and buffers, and the modelling of guard rails as an
alternative to derailment containment walls which were
previously investigated.

Alizhan et al. examined the modernization of the
61-4179 TVZ passenger coach for transporting light
automobiles up to 3 tons, addressing the efficiency of
multifunctional rail use in the work [7]. The main goal of
the work was to assess the influence of the additional
mass—dimensional loading to the strength, load
distribution, and the dynamic stability of the vehicle—track
system. Two approaches of numerical modelling were
applied for the research, namely the finite element
methods for determination of a stress distribution,
deformations, and safety margins and the multibody
dynamics modelling, where the wheel/rail contact forces,
wagon body accelerations, and stability coefficients were
assessed.

As it is stated in the research [8], the geometry of
the wheel/rail contact is a key factor in resolving the
dynamics of a rail vehicle. It is generally recognized that
the shape used to create both the wheel profile in the
rolling region and the railhead has a significant impact on
the vehicle's reaction in terms of stability, vibration
absorption, and curve-negotiating ability. Analysis of the
effects of wheel/rail profile and lateral suspension
characteristics on the dynamic hunting stability of rail
vehicles moving on tangent tracks is one of the main areas
of the presented research. Further, the main goal of the
research is reducing vibration in railway wheel/rail
profiles by an application of a novel design for enhancing
speed.

The authors team Shi et al. [9] devoted their
effort to study the proposal of the use of active lateral
secondary suspension system to address low-frequency
swaying railway vehicle body motion under low wheel-
rail conicity conditions. This research was also focused on
evaluation of railway vehicle dynamics, and it was
focused on assessment of the Sperling index for the
wagon body swaying motion. Krason et al. [10]

performed numerical tests of the influence of railway
bogie suspension on the wagon motion parameters. The
research was subjected on dynamic tests of a prototype
wagon, which is intended to transport semi-trailers. It
means, that in the contrast with the goal of the presented
research, it is focused on freight wagons. However, the
presented methodology of numerical tests of the dynamics
of a freight wagon and the problems of selecting
suspension parameters in used bogies of railway wagons
moving at chosen speeds on straight and curved tracks
can be also applied for a suburban railway vehicle. A
phenomenon of high-frequency vibration transmission
through primary suspension system is examined in the
study [11]. The authors created the multibody vehicle
model, which was extended by considering the structural
dynamics of the wheelsets, axle boxes and bogie frames,
and by employing more detailed models, which describe
the dynamic stiffness of the primary suspension
components such as roller bearings, hydraulic dampers,
rubber bushings and coil springs. The created model
served to describe the dynamic behaviour of the bogie in
this frequency range. The achieved results of the research
showed that the vibrations are mainly transmitted by the
rubber bushings. These findings provided a better
understanding of the dynamic behaviour of the bogie.

Statement of the purpose and objectives of the
study.

Dynamic simulation of the designed railway vehicle
represents the main part of the presented research. The
process of performing dynamic analysis of the designed
railway vehicle includes studying the vehicle parameters,
subsequent compilation of its computational model and
performing the necessary simulations. The main activities
and goals of the presented research are following tasks:
1. To create of a sufficiently accurate
computational model of the suburban railway
vehicle under consideration, which considers all

requirements for performing the relevant
simulations.
2. To perform the necessary simulation

calculations, which are primarily intended to
clarify the impact of changes in suspension
parameters on the driving characteristics and
dynamic behaviour of the suburban railway
vehicle under consideration.

3. To identify critical speed of the solved suburban
railway vehicle for the defined parameters.

4. To identify the derailment quotient of the solved
suburban railway vehicle during running in a
curve for original suspension parameters and for
softer suspension system.

A simulation model of the solved suburban
railway vehicle. The created the model of the solved
suburban passenger wagon in the Simpack software using
the following procedure. The vehicle body, which
represents the most significant part of the vehicle mass,
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was created by importing a computer aided model that
contained defined geometric parameters of the 3D model
display and inertia parameters of the body mass. Both
bogies were subsequently created as so-called
substructures. In principle, they have the same properties,
therefore, thy are input twice to the model. The three-
dimensional model of the bogie frame helped to define
mass and inertia properties, including all parts of smaller
dimensions, which were included as a fixed part of the
frame for rationalization and acceleration of calculations.
Separate components included in the bogie substructure
were the axle boxes and wheelsets guiding, also imported

a

as three-dimensional models, and the axle bodies. The
guide body, i.e. a swinging arms, also included the
bearing body itself. The model of the second, as a copy of
the original model of the bogie. The UIC 60 rail profile a
rail cant of 1:40 was chosen.

Overall, the created multibody model consisted
of the following rigid bodies, i.e. a body of the wagon, the
bogie frames, the axle boxes guiding, wheelsets. Fig. 2
shows the real vehicle and the multibody model created in
the Simpack software

b

Fig. 1. The solved passenger wagon: a - an illustration in reality; b - the model created in the Simpack software

These elements were assigned the appropriate
mass and inertia parameters and their mutual position, and
the appropriate degrees of freedom were defined.
Subsequently, it was necessary to define the mutual
connections between the rigid bodies through the so-
called connecting elements. These consisted of the
following elements, such as a primary suspension
consisting of vertical rubber conical springs, rubber
conical springs forming the axle bearing guide bushings
and further, a secondary suspension consists of pneumatic
springs, vertical dampers, lateral dampers, lateral bumpers
for the centre pivots.

The primary suspension elements were defined
as spring-damper modelling type with an ideal flexible
massless element with defined stiffness and damping in a
parallel way. The spring stiffness was defined as linear for
x, y and z direction. The above method is also applied for
creation of the suspension system of the second level,
which includes spring elements, rubber emergency
springs and the stiffness of the longitudinal guide of
centre pivots. It was used also for a model of the element
of lateral buffers for centre pivots, which is characterized
by a nonlinear stiffness curve and zero damping in the
lateral direction, in other directions both parameters will
also be zero. The stiffness is constant zero within the
limits given by the buffer, and sharply increases to an
excessively high value when the clearance defined by the
buffer is exhausted.

Results of the research and discussion. The
first task was to determine the critical speed of the solved
passenger wagon. It was observed the behaviour of the
wagon at different running speeds after applying the
excitation of the oscillations at the beginning of the
movement. Then, it was established the oscillations, at

which, the wheelsets are damped during the movement,
i.e. it is a stable state, remain the same, i.e. it is the critical
speed, or these oscillations increase to high amplitudes,
i.e. it is an unstable state. Therefore, it is determined the
critical speed the one at which the oscillations only
minimally decay. For this calculation, the wagon running
was simulated on a straight track with a standard model of
the wheel-rail contact of a length of 500 m. The wagon
was excited by an initial excitation in order to occur the
oscillations of the wagon. Calculations for individual
speeds must be set and started separately and manually.
The number of speed variations was set to 15, so that the
critical speed area of the vehicle in the range of 1 to 2
km/h at most was found in the most suitable way in 15
steps.

The results of the analysis of the critical running
speed for the constant values of the wheelset guidance
bushing are depicted in Fig. 2 and Fig. 3. It shows the
course of the deflection of the lateral oscillations of the
wheelset. It is possible to identify the decreasing
amplitude of the vibrations in the case of stable running
(Fig. 2), which stabilizes after overcoming the distance
approx. 250 to 300 m from the start of the running of the
wagon. On the contrary, it increases in the case of
unstable running. It is depicted in Fig. 3. It is possible to
identify, that with the overcoming distance, the amplitude
of the lateral motion increases. It is obvious after 50 m of
running. During the stable operation, its highest value was
found to be approximately + 0.525x10 m. This can be
seen in the distance of approx. 85 to 90 m.

The second task was focused on investigating
quasi-static values escribing the behaviour of the solved
passenger wagon while running in a curve with a
specified radius of 350 m. The quasi-static values are
determined by a quasi-static analysis. It means, that the
model of the track does not include track irregularities,
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i.e. the wagon is not excited and only quasi-static values
of the output quantities are observed. The model of the
railway track consists of an 1200 m long section. The first
50 m are formed of a straight section. This is followed by
a 50 m long section forming a transition to a curve with a
radius of 350 m and then a 750 m long constant curve. In

a constant curve, the outer rail is raised by 0.12 m
compared to the inner one. A transition from the curve to
the straight section is of 50 m and the last section of the
track is of 300 m.
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Fig. 2. An illustration of the lateral deflection of the wheelset during the stable movement
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Fig. 3. Tllustration of the lateral deflection of the wheelset during the unstable movement

Results of the derailment quotient for the stiffer
suspension system are shown in Fig. 4. The evaluation of
the derailment safety coefficient Y/Q shows relatively safe
values, the maximum is reached by the approaching
wheel of the first bogie at a value of 0.75 (a red curve,
Fig. 4) when the wagon runs out of the curve. On the
approaching wheel of the second wheelset, this value is of
0.22 (a green curve, Fig. 4). On the opposite side wheel of
the same wheelset, the derailment quotient is more
favourable, it is of 0.5 (a black curve, Fig. 4). The safety
values for the 2" wheelset on the opposite side are
slightly more favourable, it is of 0.21 (a blue curve, Fig.
4). According to the standard, the limit value for the
safety coefficient is 0.8 [12].

After changing the stiffness of the suspension
parameters, values of the observed parameters are also

changed. The results are depicted in Fig. 5. The values of
the derailment quotient are obviously improved. This is
proven by the achieved values of the derailment quotient.
The highest value of the derailment quotient of the 1%
wheelset in a curve is approx. of 0.58 (a red line, Fig. 5).
The value of the derailment quotient of the opposite
wheel of the same wheelset reached the value approx. of
0.42. Further, the values of the derailment quotient of the
2™ wheelset of the same bogie achieved much smaller
values. Namely, the derailment quotient of the left wheel
reached the value approx. 0.13 and the opposite wheel of
the same wheelset, i.e. the right wheel achieved the value
of 0.1. Also, these values of the derailment quotient are
smaller than the maximal permissible value of 0.8 [12].
The smaller values of the derailment quotient of for the
softer suspension system is caused by the fact, that softer
suspension system allows to reduce the angle of attack of
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the wheelset in a curve. This results to more favourable

distribution of the wheel forces, i.e. to safer running
—— Ist wheelset, right

- | st wheelset, left
0.67

properties of the railway vehicle.
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Fig. 4. Tllustration of the lateral deflection of the wheelset during the unstable movement
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Fig. 5. Tllustration of the lateral deflection of the wheelset

during the unstable movement

It is considered to perform within the future
research another simulation analysis of the solved
suburban railway vehicle in order to optimize the
parameters of the suspension system. Number of
simulations will be performed to find the most suitable
response of the vehicle to the excitations caused by the
track unevenness. The suspension system will be tuned
regarding to ride comfort for passengers and well as
regarding to running safety.

Conclusions.

Urban and suburban railway transport represent
very important element of the transportation system in the

developed countries as well as in developed cities. Efforts
of engineers to find suitable vehicles lead to apply
advanced simulation tools to save time and financial costs
for development of modern, reliable, comfortable and safe
railway vehicles. The presented research was focused on
creation of a suburban railway passenger wagon. A
commercial simulation software was applied in the
research. The main goal of the research was to analyse the
critical running speed of the vehicle in a straight railway
track as well as running safety in a curved track section.
These observed output parameters were evaluated for two
types of suspension system, for stiffer suspension
parameters as well as for softer suspension parameters. It
was found softer suspension parameters lead to slightly
better running safety, because the wheelset has a more
favourable position relative to the longitudinal track axis.

141

IKC3T, 2026 Ne2




ISSN 2413-3833 (Online),  ISSN 1681-4886 (Print)

IHOPOPMAIIMHO-KEPYIOUI CUCTEMUM HA 3AJIIBHUYHOMY TPAHCIIOPTI

The maximal permissible value of the derailment quotient
of 0.8 was not exceeded for any observed case.
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nou. S. Hixko, inxk. M. Byuko, gou. M. biaaTHunbKuii,
imk. II. Cnymnsk
JUHAMIYHUA AHAJII3 HPUMICBKOI'O
SAJIIBHUYHOTI'O TPAHCITIOPTHOTI'O 3ACOBY
3anisnuunuti mpancnopm 68addcaromv OOHUM i3
HAUeKOI0TUHIUX i HatleghekmusHiuux 6udis
mpancnopmy. Cmyninb  po3sumky — iHghpacmpykmypu
3ANIBHUYHO20 MPAHCNOPMY YACMO 8I0N0GI0Ae pi6HIO
po3sumky  Kpainu.  Bucoxa  axicmv  3ani3HUYHO2O
MPAHCROPMY HEeMUHYYA 63 BUCOKOSIKICHUX 3ANI3HUYHUX
MPAHCNOPMHUX 3AC00i8, 5SKI NPAYIOIMb HA 3ATI3HUYHUX
KONIAX ~MiJC HNYHKMAMU NPUSHAYEHHA.  3ani3HUYHUL
mpaucnopm 3abesneuyc nepegeseHHs Nacalcupie K Ha
Kopomki, maxk [ Ooewi eiocmani. Modenroeanvhi
PO3pAXyHKU € Oydce  GANCIUBUMU 8  Npoyeci
NPOEKMYBAHHSL  MA  AHANIZY XO0008UX —61ACMUBOCHEl
3ANIBHUYHUX MPAHCHOPMHUX 3AC0018.

Ilooane  Oocnidoicenns  30cepeddiceno  Ha
3ACMOCYBAHHI CUMYIAYIIHUX — PO3PAXYHKI6 Ol AHANIZY
X0008UX — 61ACMUBOCMEU  NPUMICLKO20  3ANI3HUYHO2O
mpaucnopmnozo 3aco6y. ILle nacadxcupcokuii  8a2oH,
npusHaveHull 0N eKcnayamayii 8 NeeHOMY MiICMI.
Ilpogedeni  imimayiiini po3paxynku CnNpsamMo8aHi Ha
3HAXOOIICEHHS 8UOPAHUX BUXTOHUX BEUYUH

00CHIOAHCYBAHO20 3ANIZHUYHO20 MPAHCHOPMHO20 3AC00).
i napamempu — kpumuuna weuokicme i Koe@iyieHm
cx00y 3 peliok sAK Kpumepill Oe3neynoi excniyamayii
MPAHCROPMHO20  3ac00y 34 PO32NAHYMUX — YMOB.
Busnaueno kpumuuny weuoxicme pyxy, 3a akol
cnocmepieaioms  Oiuni 3miwenHs Koaichoi napu. Koau
amnaimyou OiYHUX KOIUBAHb KONICHOI napu cmaobinbHi,
Kpumuynoi  weuokocmi He  docsiearomsv.  Momenm
cmabinbHux [ HecmabinbHUXx OIMHUX KOAUBAHL KOMICHOL
napu € GUHAYANLHUM Ol KPUMUYHOI WEUOKOCmI pyX)y.
Tnwum konmponvosanum napamempom besnexu pyxy oy
Koegiyicum cxody 3 peiiok. Koegiyicum cxody 3 petiok
cnocmepieanu 0nsi nepwioi i Opyeoi KONICHUX nap y
Hanpsamky pyxy. Hocnidoceno 0ea pigui dicopcmrocmi
cucmemu niogicku. Buseneno, wo wm'akwa cucmema
niogicku  npu3eoo0ums 00  Oe3NeuHiuo20  pyxy
3QNI3HUYHO20 — MPAHCROPMHO20 — 3AC00Yy 8  KPUBIIL.
Honycmume 3nauenns roeiyicnma cxody 3 peuox He
0Y10 00CACHYMO 8 HCOOHOMY GUNAOKY.

Kniwuosi cnoea: 3anisHuunuii.  mpaHcnopmuuil
3acib, cucmema niogicku, bazamominbHe MOOENI08ANHS,
OUHAMIKA MPAHCNOPMHO20 3AC00).
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