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The article highlights the results of determining the strength of the passenger car frame under
operational loading modes. The most loaded components of the frame are determined. It is proposed
to use an intermediate adapter between the passenger car frame and the body to reduce the load on
the frame. The peculiarity of such an adapter is that it consists of two metal sheets with a layer of
energy-absorbing material in-between. The thickness of the adapter’s sheets is determined using the
Bubnov-Galerkin method. The results of the strength calculation for the frame with an intermediate
adapter are presented. They demonstrate that the design solutions proposed can reduce the stresses in
the frame by 25% and displacements by 29% compared to those for a typical design. The research
will contribute to the development of best practices for the design of modern passenger car structures
with improved technical, economic and operational characteristics, and for the higher efficiency of
passenger car operations.
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. INTRODUCTION

Rail transport is one of the top priority components
of the transport industry, which ensures the
coordinated development of Eurasian economies [1].
At the same time, passenger transportation is an
integral and important component of rail transport
[2]. Railway transport has unquestionable
advantages in comparison with other types of
transport. When it is about the land transport, rail
vehicles offer significant positive features, such as
lower energy consumption and in case of electric
vehicles also strongly environmentally friendly kind
of transport [3, 4]. Further, drag is lower in case of
trainsets at a comparable passenger’s capacity [5].
This advantage also applies to freight railway
transport [6]. Another advantage is lower rolling
resistance of rail vehicles [7, 8], which comes from
forces ration in the wheel/rail contact [9-11].
Railway transport requires a suitable infrastructure
in a form of quality railway tracks, energy sources
and ensuring safety [12-16].

The features of railway transport mentioned above
show its significant prospects to the future.

However, this requires the application of modern
solutions and the introduction of modern
technologies not only in railway transport
management, but especially in the construction of
the vehicles themselves [17]. The most modern
methods of design, simulation, testing and
examination of vehicles supported by computer
modelling are applied [18]. Such an approach was
also used in the design of an improved design of the
passenger car body presented in this research. The
main goal of the modification of the passenger car
frame is a reduction of stresses, which arise during
wagon operation. A special intermediate adapter is
designed for this purpose.

Currently, the 1520 mm gauge railways mostly use
passenger cars with a body length of 23.6 m along
the end beams of the frame. The considerable length
of the passenger car frame causes fatigue stresses in
it during operation due to the cyclical nature of the
alternating loads acting on it. This can result in
damage to the frame, which not only necessitates
unscheduled repairs, but also endangers traffic
safety. In this regard, there is a need to create
solutions aimed at reducing the load on the passenger
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car frame in operation. Therefore, research on
improving the design of the passenger car frame is
quite relevant.

Il. ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

A lot of research is devoted to improving the load-
bearing structures of passenger cars. For example,
scientific publication [19] presents an algorithm that
allows optimizing the design of a passenger car
body. The authors also propose the introduction of
cellular vacuum panels. This solution will improve
not only the technical and economic performance of
the car, but also its operational characteristics.
However, these solutions do not improve the
strength of the passenger car frame under operating
loads.

The issues of optimizing the passenger car body
are also covered in [20]. The objective of the
optimization was to reduce the weight of the car
body. This was achieved by using the latest
materials, including composites. The paper also
provides a justification for the proposed solution.
However, it affected the body directly and does not
contribute to the frame strength.

In order to improve the strength of the passenger
car frame, the authors in [21] proposed the
introduction of an energy-absorbing material into the
centre sill. The profile was made of rectangular
pipes. The paper presents the results of determining
the load on the improved passenger car frame.
However, there was no design solution proposed to
reduce the load on other components of the car
frame.

In order to improve the strength of passenger car
bodies, the use of materials with improved physical
and mechanical properties is proposed in [22, 29].
The authors of these papers highlight not only the
specifics of use of these materials in car building, but
also the prospects for their further implementation.
However, at the same time, the authors did not study
the issue of using these materials in the construction
of the passenger car frame to improve its durability
in operation.

An improved passenger car body in terms of its
technical and economic indicators is presented in
[24]. The authors carried out the topological
optimization using the minimum  material
consumption criterion. The justification of the
proposed design solutions is provided. However,
these structural solutions are related directly to the
car body and do not contribute to the strength of the
frame.

The analysis of literature sources has shown that
the issues of improving the strength of the passenger
car frame require further research. In this regard, the
purpose of the article is to present the results of a

study of the load on the passenger car frame under
operating conditions. To achieve this purpose, the
following objectives have been set:

o to calculate the strength of a typical passenger car
frame; and

e to calculate the strength of the passenger car
frame, considering the proposed measures for
reducing its load in operation.

I1l. STRENGTH CALCULATION
OF A TYPICAL PASSENGER CAR FRAME
STRUCTURE

To determine the strength of a typical passenger
car frame structure, a spatial model of it was built. A
non-compartment passenger car of the 61-821 model
was used as a prototype. The frame of this car
includes centre sill 1 (Fig. 1), bolster beams 2, end
beams 3, cross bearers 4, stiffeners 5, reinforcement
sheets 6.
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Figure 1. A passenger car frame

Graphic work on the building of a spatial model of
the frame was carried out in SolidWorks. The
strength was calculated using the finite element
method in the built-in SolidWorks Simulation
module. The strength of the frame under the vertical
loads Py, which included a vertical static component
P3¢ and a vertical dynamic component PP, was
studied (Fig. 2).

For preliminary calculations, the value of the
vertical dynamic load on the elements of the wagon
from vibrations during movement in the train is
determined by multiplying the gross gravitational
force acting on the calculated node by the coefficient
of vertical dynamics kyp.

The vertical dynamic load was determined
according to the methodology described in [25]. In
accordance with this regulatory document:

P19=P17gt'kbv 1)
where kpy is the vertical dynamics coefficient.

The vertical dynamics coefficient kpy is taken as a

random function with a probabilistic distribution of
the form:
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Plkpy) =1— exp(—f-k—ﬁ-w). ®)

where k2, is the average probable value of the
vertical dynamics coefficient, £ is the distribution
parameter.

The coefficient kpy is defined as the quantile of
expression (2) under the calculated one-sided
probability P(kpv):

T LN
kDV—T \/Z In T(ICDV) (3)

It was assumed in the calculation, that rigid
connections were used to the areas where the model
(Fig. 2) rested on the bogies [26, 27]. Thus, frictional
forces were not considered. The construction
material was Steel 09G2S.

The finite element model was formed by
isoparametric tetrahedra and included 39,105
elements (a maximum size of 95 mm and a minimum
size of 19 mm) and 13,793 nodes. It is important to
note that the graph-analytical method [28, 29] was
used to create a finite-element model, which allowed
us to determine the optimal number of elements.

The calculation results are shown in Fig. 3 to
Fig. 5. It is established that the maximum equivalent

Figure 2. A design diagram of the passenger car frame
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Figure 3. A stress state of the passenger car frame

Figure 4. The most loaded areas of the passenger car frame
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Figure 5. Displacements in the passenger car frame units
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Figure 6. The passenger car frame biaxiality indicator

stresses occur in the zones of interaction of the
bolster beams and the centre sill and are 167.5 MPa
(Fig. 3). These stresses are lower than permissible
(190 MPa [25]), but, under cyclic action, they
accumulate in the most loaded areas of the frame
(Fig. 4), which can lead to fatigue failure under
operating conditions. The maximum displacements
occur in the middle part of the frame and are 14.48
mm (Fig. 5). Based on the results of the static
analysis, the biaxiality indicator of the passenger car
frame was determined (Fig. 6).

It is established that the highest value of this
indicator is in the areas of the centre sill, which are
located close to the intermediate beams. This can be
explained by the fact that the middle part of the
frame has the greatest pliability.

IV. CALCULATION OF THE STRENGTH OF THE

PASSENGER CAR FRAME CONSIDERING
THE PROPOSED MEASURES FOR REDUCING
ITS LOAD IN OPERATION

To ensure the strength of the passenger car frame,
it is proposed to use an intermediate adapter between
the frame and the body (Fig. 7).

A feature of this adapter is that it consists of two
metal sheets (Steel 09G2S). The gap between these
sheets is filled with an energy-absorbing material
such as aluminium foam. Thus, the design of this
adapter is similar to a sandwich panel.

Figure 7. A passenger car frame adapter

The Bubnov-Galerkin method was used to
determine the thickness of the sheets that formed the
adapter. In accordance with this method, the
thickness of a sheet (plate), given the known
physical and mechanical properties of the structural
material, can be calculated by the formula:

.96 (12 cq2)-q2 - b2
5= Pn4(b+ua)a b (4)

o (a? + b?) ’

where P is the load acting on the sheet, a, b are the
width and the height of the sheet, respectively, u is
Poisson’s ratio, o is the permissible stresses of the
sheet material.
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The calculations at a = 3.105 m and b = 24.537 m
demonstrate that the thickness of the sheet, provided
that its strength is ensured, is about 5.4 mm.

A calculation was carried out to determine the
strength of the car frame with an intermediate
adapter. The design diagram of the frame with an
adapter is shown in Fig. 8. The forces and
connections used in the design diagram were
identical to those used in the calculation of a typical
frame design.

The finite element model of the frame with an
adapter had 226,357 elements and 58,616 nodes. The
maximum element size was 80 mm, and the
minimum was 16 mm. The calculations show that
the maximum stresses occur in the adapter, that is, in
the areas of its interaction with the bolster beams;
they amount to 124.2 MPa (Fig. 9), which is 25%
lower than in a typical frame structure.

The maximum displacements occur in the middle
part of the adapter and are 10.18 mm (Fig. 10). The
resulting displacements are 29% lower than those in
a typical design. The biaxiality indicator of the
passenger car frame with an adapter is shown in
Fig. 11. Its greatest value is in the bolster beams
because the model was fixed by the side bearers.

The results of the calculations show that the use of
an intermediate adapter helps to reduce the load on
the passenger car frame under the action of
operational loads. This can be used for increasing the
efficiency of passenger cars, as well as developing
appropriate  recommendations for the modern
designs with improved performance characteristics.
The future research in this field will be focused on
investigation of other properties of a wagon
equipped with the designed body structure. There is
mainly an influence of the structure on ride comfort
for passenger. It will be assessed by means on MBS

Figure 8. A design diagram of the passenger car frame with the adapter
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Figure 9. A stress state of the passenger car frame with the adapter
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Figure 10. Displacements in the assemblies of the passenger car frame with the adapter
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Figure 11. The biaxiality indicator of the passenger car frame with the adapter

simulation computation in including a flexible
wagon body to a model [30-33]. Further, efforts for
assessment of passive safety of the structure will be
made regarding to impact absorption. This is
important from protection of passengers as well as
other transport users [34, 35]. Finally, fatigue
analyses will help to reveal reliability and integrity
of the wagon body structure [36, 37].

It is important to note that the results of this study
can also be applied to 1435 mm gauge wagons. The
same algorithm presented in this research and
implemented for a 1520 mm gauge wagon can be
used. However, the load values specified in the
regulatory document [38] will be used. The authors
plan to pay attention to this issue in subsequent work.

Conclusion

1. The strength of a typical passenger car frame
structure is calculated. The maximum equivalent
stresses are recorded in the areas of interaction
between the bolster beams and the centre sill; they
amount to 167.5 MPa. It should be noted that these
stresses are lower than permissible, but they
accumulate in the most stressed areas of the frame
during cyclic operation. Under certain operating
conditions, this can lead to fatigue failure. The
maximum displacements occur in the middle of the
frame and are 14.48 mm. The greatest value of the
biaxiality indicator is observed in the areas of the
centre sill, which are located closer to the
intermediate beams.

2. The strength of the passenger car frame is
calculated, considering the measures for reducing
the load in operation. The maximum stresses occur
in the adapter and amount to 124.2 MPa. It should be
noted that the proposed structural solutions help
reduce stresses in the frame by 25% compared to
those in a typical design.

The maximum displacements occur in the middle
of the adapter and are 10.18 mm. The resulting
displacements are 29% lower than those in a typical
design. The highest value of the biaxiality indicator
is in the bolster beams.

The research will contribute to the development of
best practices for the design of modern passenger car
structures with improved technical, economic and
operational characteristics, and for the higher
efficiency of passenger car operations.

ACKNOWLEDGEMENT

This publishing was supported by the projects
“Advancing Train Safety Through Integrated
Lifecycle Management Technologies for Railcars”
State Registration No. 0125U001907), funded by the
state budget of Ukraine since 2025.

This research was supported by the projects:
VEGA 1/0308/24: Research of dynamic properties
of rail vehicles mechanical systems with flexible
components when running on a track.

AUTHOR CONTRIBUTIONS

A. Lovska: Conceptualization, Software, Formal
Analysis, Investigation, Data curation,
Visualisation, Writing — original draft preparation,
Project Administration.

J. DiZo: Methodology, Validation, Investigation,
Data curation, Writing — review and editing, Project
Administration.

V. Ravlyuk: Software, Validation, Sources, Project
Administration.

D. Skurikhin: Graphical outputs, Supervision,
Project administration.

A. Rybin: Calculation, Graphical outputs, Project
administration, Review and editing.

DISCLOSURE STATEMENT

The authors declare that they have no known
competing  financial interests or  personal
relationships that could have appeared to influence
the work reported in this paper.



A. Lovska et al. — Acta Technica Jaurinensis, Vol. XX, No. Y, pp. ZZ-ZZ, 2025

ORCID

A. Lovska https://orcid.org/0000-0002-8604-1764
J. DiZo https://orcid.org/0000-0001-9433-392X

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

REFERENCES

A. Kagramanian, D. Aulin, K. Trubchaninova,
J. Caban, A. Voronin, A. Basov, Perspectives
of multifunctional integrated suburban-urban
rail transport development. Scientific Journal
of Silesian University of Technology. Series
Transport 120 (2023), 105-115.
https://doi.org/10.20858/sjsutst.2023.120.7

P. Kuclera, A. Hefmankova, The use of
automation in rail transport to ensure
interchanges in regional passenger transport.
Communications - Scientific Letters of the
University of Zilina 26 (4) (2024), pp. D82—
Da1.

https://doi.org/ 10.26552/com.C.2024.047

S. Fischer, S. Kocsis Sziirke. Detection process
of energy loss in electric railway vehicles.
Facta  Universitatis, Series: Mechanical
Engineering 21 (1) (2023), 81-99.
https://doi.org/10.22190/FUME221104046F
S. Fischer, S. Herman, M. Sysyn, D. Kurhan, S.
Kocsis Sziirke. Quantitative analysis and
optimization of energy efficiency in electric
multiple units. Facta Universitatis, Series:
Mechanical Engineering (2025).
https://doi.org/10.22190/FUME241103001F
D. Alic, A. Miltenovic, M. Banic, R. V. Zafra,
Numerical investigation of large vehicle
aerodynamics under the influence of
crosswind. Spectrum  of  Mechanical
Engineering and Operational Research 2 (1)
(2024), pp. 13-23.
https://doi.org/10.31181/smeor21202526

J. Gerlici, A. Lovska, G. Vatulia, M.
Pavliuchenkov, O. Kravchenko, S. Solcansky,
Situational adaptation of the open wagon body
to container transportation. Applied Sciences
13 (15) (2023) 8605.
https://doi.org/10.3390/app13158605

S. Semenov, E. Mikhailov, J. Dizo, M.
Blatnicky, The research of running resistance
of a railway wagon with various wheel designs.
Lecture Notes in Intelligent Transportation and
Infrastructure Part F1395 (2022), pp. 110-119.
https://doi.org/10.1007/978-3-030-94774-3 11
E. Mikhailov, S. Semenov, J. Dizo, K.
Kravchenko, Research of possibilities of
reducing the driving resistance of a railway
vehicle by means of the wheel construction
improvement. Transportation Research
Procedia 40 (2019), pp. 831-838.
https://doi.org/10.1016/j.trpr0.2019.07.117

M. Gorbunov, K. Kravchenko, G. Bureika, J.
Gerlici, O. Nozhenko, G. Vailiunas, V.

V. Ravlyuk https://orcid.org/0000-0003-4818-9482
D. Skurikhin https://orcid.org/0000-0002-1122-1234
A. Rybin https://orcid.org/0000-0003-4430-8018

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Bucinskas, S. SteiSunas, Estimation of sand
electrification influence on locomotive
wheel/rail adhesion processes. Eksploatacja i
Niezawodnosc — Maintenance and Reliability.
21 (3) (2019), pp. 460-467.
https://doi.org/10.17531/ein.2019.3.12

P. Stastniak, L. Smetanka, P. Drozdziel,
Computer aided simulation analysis for wear
investigation of railway wheel running surface.
Diagnostyka 20 (3) (2019), pp. 63-68.
https://doi.org/10.29354/diag/111569

E. Mikhailov, S. Semenov, S. Sapronova, V.
Tkachenko, On the issue of wheel flange
sliding along the rail. Lecture Notes in
Intelligent Transportation and Infrastructure
Part F1380 (2020), pp. 377-385.
https://doi.org/10.1007/978-3-030-38666-5_40
S. Fischer. Investigation of the settlement
behavior of ballasted railway tracks due to
dynamic loading. Spectrum of Mechanical
Engineering and Operational Research 2 (1)
(2025), pp. 24-46.
https://doi.org/10.31181/smeor21202528.

S. Fischer, D. Harangoz6, D. Németh, B.
Kocsis, M. Sysyn, D. Kurhan, A. Brautigam.
Investigation of heat-affected zones of thermite
rail welding. Facta Universitatis, Series:
Mechanical Engineering 22 (4) (2024), 689-
710.
https://doi.org/10.22190/FUME221217008F
J. Matej, J. Senko, J. Caban, M. Szyca, H.
Golebiewski, Influence of unsupported
sleepers on flange climb derailment of two
freight wagons. Open Engineering 14 (11)
(2024), 20220544,
https://doi.org/10.1515/eng-2022-0544

S. Kocsis Sziirke, G. Kovacs, M. Sysyn, J. Liu,
S. Fischer. Numerical optimization of battery
heat management of electric vehicles. Journal
of Applied and Computational Mechanics 9 (4)
(2023), pp. 1076-1092.
https://doi.org/10.22055/jacm.2023.43703.411
9.

L. Ezsias, R. Tompa, S. Fischer. Investigation
of the possible correlations between specific
characteristics of crushed stone aggregates.
Spectrum of Mechanical Engineering and
Operational Research 1 (1) (2024), 10-26.
https://doi.org/10.31181/smeor1120242

E. Mikhailov, J. Gerlici, S. Kliuiev, S.
Semenov, T. Lack, K. Kravchenko,
Mechatronic system of control position of
wheel pairs by railway vehicles in the rail track.



https://orcid.org/0000-0002-8604-1764
https://orcid.org/0000-0001-9433-392X
https://orcid.org/0000-0003-4818-9482
https://orcid.org/0000-0002-1122-1234
https://orcid.org/0000-0003-4430-8018
https://doi.org/10.20858/sjsutst.2023.120.7
https://doi.org/%2010.26552/com.C.2024.047
https://doi.org/10.22190/FUME221104046F
https://doi.org/10.22190/FUME241103001F
https://doi.org/10.31181/smeor21202526
https://doi.org/10.3390/app13158605
https://doi.org/10.1007/978-3-030-94774-3_11
https://doi.org/10.1016/j.trpro.2019.07.117
https://doi.org/10.17531/ein.2019.3.12
https://doi.org/10.29354/diag/111569
https://doi.org/10.1007/978-3-030-38666-5_40
https://doi.org/10.31181/smeor21202528
https://doi.org/10.22190/FUME221217008F
https://doi.org/10.1515/eng-2022-0544
https://doi.org/10.22055/jacm.2023.43703.4119
https://doi.org/10.22055/jacm.2023.43703.4119
https://doi.org/10.31181/smeor1120242

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

A. Lovska et al. — Acta Technica Jaurinensis, Vol. XX, No. Y, pp. ZZ-ZZ, 2025

AIP Conference Proceedings 2198 (2019),
0200009.

https://doi.org/10.1063/1.5140870

N. Bosso, M. Magelli, R. Trinchero, N.
Zampieri, Application of machine learning
techniques to build digital twins for long train
dynamics  simulations.  Vehicle  System
Dynamics 62 (1) (2023), pp. 21-40.
https://doi.org/10.1080/00423114.2023.21748
85

A. Balalaev, M. Parenyuk, I. Arslanov, A.
Ziyatdinov, Mass and heat-insulation
properties of the bodies of passenger and
insulated railway cars made of vacuum
honeycomb panels. Journal of Applied
Engineering Science 16 (1) (2018), pp. 50-59.
https://doi.org/10.5937/jaes16-13888

T. Kuczek, B. Szachniewicz, Topology
optimisation of railcar composite structure.
International Journal of Heavy Vehicle
Systems, 22 (4) (2018), 375.
https://doi.org/10.1504/ijhvs.2015.073206

A. Lovska, I. Stanovska, V. Nerubatskyi, D.
Hordiienko, O. Zinchenko, N. Karpenko, Y.
Semenenko, Determining features of the
stressed state of a passenger car frame with an
energy-absorbing material in the girder beam.
Eastern-European Journal of Enterprise
Technologies 5/7 (119) (2022), pp. 44-53.
https://doi.org/10.15587/1729-
4061.2022.265043

X. Sun, X. Han, Ch. Dong, X. Li, Applications
of aluminum alloys in rail transportation.
Advanced Aluminium Composites and Alloys
(2021).
https://doi.org/10.5772/intechopen.96442

D. Ashkenazi, How aluminum changed the
world: A metallurgical revolution through
technological and cultural perspectives.
Technological Forecasting and Social Change
143 (2019), pp. 101-113.
https://doi.org/10.1016/j.techfore.2019.03.011
Malzacher Gregor, Takagaki Masakazu,
Gomes Alves Christian. (2022). Methodical
development of a lightweight car body for a
high-speed train. World Congress on Railway

Research. World Congress of Railway
Research (WCRR), 06-10. Jun. 2022,
Birmingham, England.

DSTU  7774:2015. Mainline  passenger

locomotive-pulled carriages. General technical
standards for the calculation and design of the
mechanical part of carriages. Kyiv. 150 pages.
T. Kuczek, Application of manufacturing
constraints to structural optimization of thin-
walled structures. Engineering Optimization 48
(2) (2016), pp. 351-360.
https://doi.org/10.1080/0305215X.2015.10173
50

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

C. Baykasoglu, E. Sunbuloglu, S. E. Bozdag, F.
Aruk, T. Toprak, A. Mugan, Numerical static
and dynamic stress analysis on railway
passenger and freight car models. Engineering,
International lron & Steel Symposium, 2012,
Karabiik, Tirkiye, pp. 579-586.

J. Gerlici, A. Lovska, M. Pavliuchenkov, Study
of the dynamics and strength of the detachable
module for long cargoes under asymmetric
loading diagrams. Applied Sciences 14 (8)
(2024), 3211.
https://doi.org/10.3390/app14083211

G. L. Vatulia, A. O. LovskaYe. S.
Krasnokutskyi, Research into the transverse
loading of the container with sandwich-panel
walls when transported by rail. IOP Conf.
Series: Earth and Environmental Science 1254
(2023), 012140.

S.Yang, X., Liao, G. Zhi, G. Liu, J. Zou, Finite
element optimization analysis of the frame
structure of the new steel mold trolley.
Manufacturing Technology 23 (6) (2023), pp.
1013-1019.
https://doi.org/10.21062/mft.2023.112

H. Xu, X. Xiao, X. Liu, X. Jin, Study on the
influence of car-body flexibility on passengers’
ride comfort. Vehicle System Dynamics 62 (8)
(2024), 1952-1989.
https://doi.org/10.1080/00423114.2023.22715
85

E. Kardas-Cinal, Statistical analysis of
dynamical quantities related to running safety
and ride comfort of a railway vehicle. Scientific
Journal of Silesian University of Technology.
Series Transport 106 (2020), pp. 63-72.
https://doi.org/ 10.20858/sjsutst.2020.106.5

G. Vaiciunas, S. SteiSunas, G. Bureika,
Specification of estimation of a passenger car
ride smoothness under various exploitation
conditions. Eksploatacja i Niezawodnosc —
Maintenance and Reliability 23 (4) (2021), pp.
719-725.

https://doi.org/ 10.17531/ein.2021.4.14

F. Klimenda, J. Skocilas, B. Skocilasova, J.
Soukup, R. Cizek, Vertical oscillation of
railway vehicle chassis with asymmetry effect
consideration. Sensors 22 (11) (2022), 4033.
https://doi.org/10.3390/s22114033

F. Lopot, P. Kubovy, K. Jelen, M. Sofrova, E.
Tlapakova, V. Rulc, H. Purs, R. Jezdik, M.
Svoboda, Collision between a pedestrian and
tram-Pilot experiment. Manufacturing
Technology 19 (6) (2019), pp. 998-1002.
https://doi.org/10.21062/ujep/408.2019/a/1213
-2489/MT/19/6/998

A. Kuzyshyn, V., Kovalchuk, Y. Royko,
Effects of movement direction through a switch
on accelerations and natural frequencies of a
pneumatic suspension of high-speed rolling
stock. Communications - Scientific Letters of



https://doi.org/10.1063/1.5140870
https://doi.org/10.1080/00423114.2023.2174885
https://doi.org/10.1080/00423114.2023.2174885
https://doi.org/10.5937/jaes16-13888
https://doi.org/10.1504/ijhvs.2015.073206
https://doi.org/10.15587/1729-4061.2022.265043
https://doi.org/10.15587/1729-4061.2022.265043
https://doi.org/10.5772/intechopen.96442
https://doi.org/10.1016/j.techfore.2019.03.011
https://doi.org/10.1080/0305215X.2015.1017350
https://doi.org/10.1080/0305215X.2015.1017350
https://doi.org/10.3390/app14083211
https://doi.org/10.21062/mft.2023.112
https://doi.org/10.1080/00423114.2023.2271585
https://doi.org/10.1080/00423114.2023.2271585
https://doi.org/%2010.20858/sjsutst.2020.106.5
https://doi.org/10.1007/s12206-018-1016-9
https://doi.org/10.3390/s22114033
https://doi.org/10.3390/s22114033
https://doi.org/10.3390/s22114033

A. Lovska et al. — Acta Technica Jaurinensis, Vol. XX, No. Y, pp. ZZ-ZZ, 2025

the University of Zilina 27 (1) (2025), pp. B53- [38] EN 12663-1:2010, Railroad applications —
B64. Structural requirements of railroad vehicle
https://doi.org/ 10.26552/com.C.2025.007 bodies — Part 1: Locomotives and passenger

[37] J. Gerlici, A. Lovska, K. Kozdkova, Research rolling stock (and alternative method for freight
into the longitudinal loading of an improved wagons), Brussels. 42 p.

load-bearing structure of a flat car for container
transportation. Designs 9 (1) (2025) 12.

This article is an open access article distributed under the terms and conditions of the Creative
BY KNG Commons Attribution NonCommercial (CC BY-NC 4. 0) license.


https://doi.org/%2010.26552/com.C.2025.007
https://creativecommons.org/licenses/by-nc/4.0/

