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This study considers processes result-
ing in the occurrence and acceptance of
loads by the body of a passenger railroad
car with a girdle beam under operation-
al conditions. The task addressed is to
improve the strength indicators of the gir-
dle beam in a passenger car.

To improve the strength of the frame
of a passenger car, it is proposed to intro-
duce a C-shaped prafile with perforation
as a profile for the girdle beam. The mass
of the girdle beam using the proposed
profile will decrease by more than 20%.
At the same time, the moment of resis-
tance of the cross-section of the girdle
beam will increase by almost 14%.

To substantiate such an implemen-
tation, a calculation was performed for
the strength of the body of a passenger
car under the main modes of its load-
ing during operation. It was established
that the maximum stresses arising in
the girdle beam under the most unfavor-
able loading scheme are lower than the
permissible ones by 20.5%. Under other
design loading conditions of the body,
the strength of its structure is also main-
tained. As part of the study, a modal
analysis of the passenger car body was
conducted. The calculations showed that
traffic safety from the point of view of
modal analysis is observed.

A feature of the proposed improve-
ment of the passenger car body is that it
does not complicate the maintenance and
repair of the car using the existing base.

The scope of practical use of the
results is railroad transport.

The condition for using the research
results is compliance with periodic main-
tenance of the passenger car body during
operation.

The study reported here will contrib-
ute to compiling recommendations for
the design of new passenger car struc-
tures with improved technical and eco-
nomic indicators

Keywords: railroad transport, pas-
senger car, body improvement, girdle
beam, body strength
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1. Introduction

within European countries but also have international con-

nections between some of them [1, 2].

Passenger transportation is an important component of Along with the positive experience of operating passenger
rail transport. For passenger transportation by rail, a wide  transportation, it is necessary to note issues that require a
variety of types of cars are used in terms of their structural  solution to maintain the further efficiency of their operation.
features, which is due to the distance of passengers following  Passenger cars with a gauge of 1520 mm have a body length
the given route. The evolution of passenger transportation  beyond the end beams of the frame of more than 20 m. This
is constantly accelerating. Currently, they operate not only  circumstance causes the generation of natural body vibra-




tions when perceiving external loads, including cyclic ones.
Long-term operation of the structure under the influence of
such loads causes the accumulation of stresses in the struc-
tural components, which can contribute to its damage on the
way. Such damage is especially dangerous for the girdle beam
of a passenger car body as the main load-bearing element of
the structure. Its damage not only necessitates the uncou-
pling of the car from the train but may also pose a threat to
the occurrence of accidents or catastrophes. This, in turn,
can lead to damage to vehicles, the rail track [3], as well as
the death of people.

Therefore, it is a relevant task to carry out studies aimed at
devising solutions that would help improve the strength of the
passenger car body by improving the design of the girdle beam.

2. Literature review and problem statement

To elucidate the current state of the issue related to de-
signing and improving passenger car bodies, an analysis of
scientific publications was conducted. In work [4], the fea-
tures of the application of modern numerical analysis meth-
ods in determining the strength of cars are highlighted. The
results of computer simulation of the strength of car bodies
are reported, confirmed by experimental studies. The work
certainly has scientific value. However, the authors did not
propose solutions to improve the strength indicators of car
bodies during operation. This probably can be explained by
the fact that the authors saw the development of these issues
in their subsequent studies.

In [5], the issue of improving the passenger car frame by
using a beam with a corrugated wall as a profile for the exe-
cution of the girdle beam is highlighted. It is proven that such
an implementation helps reduce the weight of the car frame
while ensuring its strength. However, the use of such beams in
the frame causes difficulties with the installation of the auto-
coupling device; therefore, additional solutions are required to
adapt the cantilever parts of the frame to interact with the au-
tocoupling stops. The cited paper set the task of justifying the
feasibility of using beams with a corrugated wall in the frame
structure. That is why the authors did not conduct research on
the placement of automatic coupling devices on it.

The features of impact tests of a passenger car are high-
lighted in work [6]. The authors conducted research on a
full-scale car. Based on the results of those studies, recommen-
dations were compiled on safe operating conditions for pas-
senger cars. However, no solutions were proposed to improve
the most loaded components of the frame during operation.
Perhaps the authors set themselves the task of identifying the
areas of greatest stress concentration in the body and, subse-
quently, devising solutions aimed at improving its strength.

A similar drawback is inherent in work [7]. It presents
the features of constructing a computer model that makes
it possible to predict the strength indicators in collisions of
passenger cars. The study was conducted using the finite
element method. The results allowed the authors to derive
recommendations for improving traffic safety. They did not
consider the possibility of improving the car frame. They
probably saw this as a further development of their study.

The features of the concept of designing bodies of railroad
vehicles are highlighted in paper [8]. The authors proposed
using standard thin-walled profiles in the structures of the
frames. The feasibility of this idea was confirmed by the
results of theoretical studies. At the same time, the authors

did not consider the possibility of applying this concept to
passenger car bodies. This may be due to the fact that they
focused their attention on freight vehicles, since they experi-
ence greater loads during operation.

Work [9] reports a study on the main quality indicators of
modern passenger car structures. The smoothness of the car
movement was chosen as the controlled parameter. The cal-
culation of the parameters of the passenger car movement is
presented using the example of the 61-920 model. The disad-
vantage of the work is that the authors did not propose solu-
tions aimed at improving the safety of passenger car move-
ment. This is due to the fact that the authors set themselves
the task of assessing the smoothness of the car movement.

In [10], a solution was proposed to improve the strength
of the passenger car frame by using energy-absorbing ma-
terial in the girdle beam. The results of the theoretical cal-
culations confirmed the feasibility of such a solution as the
frame strength indicators have better values than those of a
typical design. However, such an implementation requires
significant capital investment, which hinders its serial im-
plementation.

In [11], a study on the impact of the environment on the
technical condition of passenger car bodies was reported.
The main structural elements that are subject to the greatest
corrosion impact were identified. The degree of corrosion of
the car body components was studied. However, no solutions
were proposed aimed at improving the bodies in order to
reduce the corrosion impact. This may be due to the fact that
the author set a goal - to determine the residual resource of
the bodies, and in subsequent studies it was planned to devise
appropriate measures to improve their structures.

Our review of the literature [4-11] allows us to conclude
that up to now the issue of improving passenger car bodies
in order to improve their strength indicators has not been
given due attention. In this regard, there is a need to conduct
appropriate research in this area.

3. The aim and objectives of the study

The purpose of our study is to identify patterns in the
strength indicators of the passenger car body depending on
the use of a C-shaped profile with perforation in the frame
girdle beam. This will allow us to improve the strength of
the passenger car body and, accordingly, reduce the cost of
its operation.

This goal was achieved by solving the following tasks:

— to calculate the strength of the passenger car body with
a girdle beam made of a C-shaped profile with perforation;

- to conduct a modal analysis of the passenger car body.

4. The study materials and methods

The object of our study is the processes of occurrence
and acceptance of loads by the body of a passenger car with a
girdle beam under operational modes.

The principal hypothesis of the study assumes that the
use of a C-shaped profile with perforation as the profile of the
girdle beam could contribute to the reduction of its tare while
maintaining the conditions of operational strength.

To improve the strength of the passenger car frame, it is
proposed to introduce a C-shaped profile with perforation as
the profile of the girdle beam (Fig. 1).



The use of such a profile has a number of advantages
compared to the typical one, namely, reducing the mass of
the girdle beam and improving the moment of resistance of
its cross section (Table 1).

Table 1

Comparative analysis of girdle beam profiles

Moment of resistance of the

Weight of 1 linear meter, kg cross section. cm?

Channel C-shaped profile | Channel | C-shaped profile with
No. 30 with perforation No. 30 perforation
68.3 49.53 774 898.4

Analyzing the data given in Table 1, it can be concluded
that the mass of the girdle beam using the proposed profile
will decrease by more than 20%. At the same time, the mo-
ment of resistance of the cross-section of the girdle beam will
increase by almost 14%.

To substantiate the proposed implementation, a spatial mod-
el of a rigid passenger car body was built (Fig. 2); corresponding
strength calculations were performed. The spatial model was
built in the SolidWorks software package (France). When build-
ing the spatial model of the passenger car body, welds between
its components were not taken into account. This is the main
simplification of this model. When building it, the nominal
dimensions of the body components were taken into account.

Fig. 1. C-shaped profile with perforation

Fig. 2. Spatial model of a passenger car body

The strength calculation was performed in SolidWorks
Simulation (France) using the finite element method [12, 13].
This choice of method can be justified by the fact that it is the
most common not only in mechanical engineering [14, 15]
but also in other transport industries [16, 17]. The mesh was
constructed using tetrahedra (Fig. 3). The optimal number of
mesh elements was determined graphically with a check of
their sensitivity [18, 19]. Taking this into account, the model
has 487921 elements and 169816 nodes. The largest element
size in the mesh is 80 mm, and the smallest is 16 mm.

The body support on the bogies was modeled by setting
rigid connections on the sliders. That is, the friction forces
between the body sliders and the bogies were not taken
into account. The body structure material is low-alloy steel,
which has an allowable stress of 221 MPa in accordance
with DSTU 7774:2015. Mainline locomotive traction passen-

ger cars. General technical standards for the calculation and
design of mechanical parts of cars. The foreign analog of this
document is EN 12663-2. Railroad applications — structural
requirements of railroad vehicle bodies — Part 2: Freight cars.

When building the body design scheme, the effect of the
vertical load P, on its structure was taken into account (Fig. 4).

Longitudinal forces P; were applied to the autocoupler
stops on one side of the car, and on the other side, these forces
were balanced by the corresponding reactions P,.

Fig. 3. Finite element model of a passenger car body

P,

Py

Fig. 4. Calculation diagram of the passenger car body:
a — action of vertical loads; b — action of longitudinal loads

5. Results of identifying patterns in the strength
indicators of the passenger car body

5.1. Results of calculating the strength of a passen-
ger car body

The results of our strength calculations showed that the
maximum stresses when modeling the “impact” (the effect
on the rear stop of the autocoupler is a force of 2.5 MN), the
maximum stresses arise in the girdle beam. The zones of
concentration of these stresses are shown in blue in Fig. 5.
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Fig. 5. Areas of greatest stress concentration in the body of
a passenger car



The values of these stresses were
175.8 MPa (Fig. 6). They do not exceed the permis-
sible ones and are lower than them by 20.5%.

The distribution of stresses along the length
of the girdle beam is described in Fig. 7. This
dependence was obtained using the “probe” op-
tion, which is built into the calculation software.
It makes it possible to determine the controlled
parameter at a given point. So, in the cantile-
ver parts of the girdle beam, the stresses have
maximum values. Then, towards the center of
the girdle beam, they decrease slightly and in
the center, they increase again and amount to
about 140 MPa.

This stress distribution is described by an
equation of the form

y=-7-10"-x*+0.007-x> -0.2832-x* +
+5.5525-x° —53.382-x% +224.45-x —177.62. 6))

von Mises (MPa)
175.8

l 161.1

- 146.5

131.9

URES (mm)
3.593
I 3.294
-2.994
- 2.695
- 2.396
2.096
1.797
1.497
1.198
- 0.898
0.599
0.299
0.0

Fig. 8. Maximum displacements in the nodes of
the passenger car body

The distribution of displacements is described by an
equation in the following form

y=-6-10"7-x*+6-107-x* —0.0024 - x* +
+0.0433-x> —0.3841-x% +1.6989-x —1.5611. (2)

The resulting distribution of displacements can
be explained in the same way as the distribution
of stresses: the body is fixed by the sliders, and the
middle part is free from fixing and loaded by verti-
cal forces. Therefore, it is here that the maximum
displacements occur.

The results of our calculation prove that with
this loading scheme of the body, the strength of its
structure is maintained. As part of the study, the
strength of the passenger car body was determined

- 117.2
102.6
87.9
73.3
58.6

-43.9
29.3
14.7
0.0

Fig. 6. Stressed state of the passenger car body
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Fig. 7. Stress distribution along the length
of the girdle beam

This distribution of stresses can be explained by the
scheme of fastening and application of loads to the body. The
maximum displacements occur in the middle part of the gir-
dle beam and are about 3.6 mm (Fig. 8).

The distribution of displacements along the length of the
girdle beam is described in Fig. 9.

In the cantilever parts of the girdle beam, the displacements
have a minimal value. Towards the center of the girdle beam,
they increase and amount to 3.593 mm.

for other calculation schemes in accordance with
calculation modes I and III. The results of our
calculations established that the strength of the
passenger car body is maintained.

Displacement, mm
~ \.l\') \.u)

=)
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Fig. 9. Distribution of displacements along the length
of the girdle beam

5. 2. Results of modal analysis of the passenger
car body

To ensure the safety of the passenger car movement, a
modal analysis of its design was also carried out. The options
from the SolidWorks Simulation software package were used.
The calculation was carried out according to the calculation
scheme shown in Fig. 4. The calculation results allowed us to
identify the forms (Fig. 10) and frequencies of natural vibra-
tions of the car body (Table 2).
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Fig. 10. Vibration forms of the passenger car body: a — mode |I; 6 — mode Il; ¢ — mode lll; @ — mode IV; e — mode V; f— mode VI

Table 2
Vibration frequencies of the passenger car body

Mode No. Frequency, Hz

Mode I 17.1

Mode 1T 19.8

Mode IIT 30.9

Mode IV 33.9

Mode V 35.9

Mode VI 41.0

Analyzing the results of our modal analysis, we can con-
clude that the safety of the car movement from the point of
view of the obtained frequencies is ensured. The first natural
frequency exceeds the threshold of 8 Hz and is 17.1 Hz.

6. Discussion of results based on identifying patterns in
the strength indicators of the passenger car body

To improve the strength of the girdle beam of the pas-
senger car body, it is proposed to use a C-shaped profile with
perforation as its manufacturing profile (Fig. 1). The mass of
the girdle beam using the proposed profile will decrease by
more than 20% (Table 1), and the moment of resistance of the
cross section will increase by almost 14%.

To substantiate this solution, a calculation was per-
formed for the strength of the passenger car body. It was

established that under the most unfavorable loading mode
of the body, the maximum stresses arise in the girdle beam
(Fig. 5) and are 175.8 MPa (Fig. 6). It is important to note
that these stresses do not exceed the permissible ones and
are 20.5% lower than them. In the central part of the girdle
beam, the maximum stresses are about 140 MPa (Fig. 7).

The maximum displacements in the frame were re-
corded in the middle part of the girdle beam. These dis-
placements amounted to 3.593 mm (Fig. 8). Towards the
cantilever parts, the displacements in the nodes decrease
and amount to 1 mm (Fig. 9).

To ensure the safety of the passenger car in the train, a
modal analysis of its design was carried out. The safety of
the movement was assessed by the first natural frequency
of oscillations, which should not be less than 8 Hz. The
calculations showed that the first natural frequency of
oscillations is 17.1 Hz (Table 2). That is, the safety of the
movement from the point of view of modal analysis is
observed.

This study has certain advantages compared to the
known ones. For example, unlike works [4, 6-8, 11], we
proposed solutions that could help improve the strength of
passenger car bodies during operation. Unlike the solution
specified in work [5], our improvement will not cause diffi-
culties with the installation of automatic coupling devices
on the girdle beam. The proposed improvement will help
improve the safety of passenger car movement, unlike the
studies reported in [9]. Unlike the solution provided in [10],
our improvement does not require significant capital invest-



ments and also does not complicate the maintenance and
repair of the car using the existing base.

The condition for using the results of the study is com-
pliance with periodic maintenance of the passenger car body
during operation.

As the main limitation of the study, it can be noted that
this implementation can be carried out at the stage of manu-
facturing a new car design.

Our study has certain drawbacks. The main one is that
when building a spatial model of the passenger car body,
welds between its components were not taken into account.

Future advances in our research involve determining the
dynamics of the car, taking into account the proposed improve-
ment of its design [20-22]. It is also planned to consider the
feasibility of using a floor made of sandwich panels to reduce the
vertical load on the passenger car body during operation.

Our research will contribute to the formation of recom-
mendations for the design of new passenger car structures
with improved technical and economic indicators.

7. Conclusions

1. The strength of the passenger car body with a C-shaped
profile with perforations has been calculated. It was found
that the maximum stresses arise in the girdle beam, namely,
in the area between the rear stops of the auto coupler and
the heel and are 175.8 MPa. The resulting stresses do not
exceed the permissible ones and are 20.5% lower than them.
The maximum displacements in the body nodes are recorded
in the middle part of the girdle beam and are about 3.6 mm.
Under other design loading modes of the body, the strength
of its structure is also observed.

2. A modal analysis of the passenger car body was per-
formed. The safety of movement was assessed by the first
natural frequency of oscillations. The calculations showed
that the first natural frequency of oscillations is 17.1 Hz.
Therefore, the safety of movement from the point of view of
modal analysis is observed.

Conflicts of interest

The authors declare that they have no conflicts of interest
in relation to the current study, including financial, personal,
authorship, or any other, that could affect the study and the
results reported in this paper.

Funding

The study was conducted without financial support.

Data availability

All data are available in the main text of the manuscript.

Use of artificial intelligence

The authors confirm that they did not use artificial intel-
ligence technologies when creating the current work.

Authors’ contributions

Sergii Panchenko: Funding acquisition, Investigation,
Validation, Software, Supervision, Visualization, Writing —
original draft, Writing - review & editing. Alyona Lovska:
Conceptualization, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Data
curation, Resources, Validation, Software, Supervision, Vi-
sualization, Writing - review & editing. Iraida Stanovska:
Data curation, Resources, Validation, Software, Supervision,
Visualization, Writing - original draft. Arsen Muradian:
Formal analysis, Funding acquisition, Investigation, Fund-
ing acquisition, Investigation, Writing — review & editing.
Thor Voloshyn: Formal analysis, Funding acquisition, Visu-
alization, Writing - review & editing.

References

1.  Tokarev, D., Tvoronovych, V. (2023). World practices for the development of passenger traffic by railway transport. Economy and
Society, 52. https://doi.org/10.32782/2524-0072/2023-52-23

2. Li, H., Jiang, Z., Li, C., Gu, J., Wang, B. (2025). Formulation and Evaluation of Rail Transit Passenger Influx Control Schemes Based
on Train-Passenger-Station Interactive Simulation. Urban Rail Transit, 11 (4), 351-370. https://doi.org/10.1007/s40864-025-00248-6

3. Fischer, S., Harangozo, D., Németh, D., Kocsis, B., Sysyn, M., Kurhan, D., Brautigam, A. (2024). Investigation of heat-affected zones of
thermite rail weldings. Facta Universitatis, Series: Mechanical Engineering, 689. https://doi.org/10.22190/fume221217008f

4. Baykasoglu, C., Sunbuloglu, E., Bozdag, S. E., Aruk, F., Toprak, T., Mugan, A. (2012). Numerical static and dynamic stress analysis on
railway passenger and freight car models. International Iron & Steel Symposium. Karabiik, 579-586. Available at: https://d1wqtxtslxzle7.
cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9TOV-libre.pdf?1651643639==&response-content-disposition=inl
ine%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBL
b2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVNSKLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPALfilfKTzd YdnauhYwOO-2hSp
Vz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41leInds-FOBxTilyOua
JZ1AGJHTUVUKLhw~as11PI-Nr1brxsT8 TprsBrbFigLLnHx~2Vuj131e6fZXTANIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYO
iQUu3Nuwb-IHk~ETSA__ &Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

5.  Lovska, A., Gerlici, J., DiZo, J. (2025). Research of the possibility of using beams with corrugated walls in a passenger rail car frame.
Scientific Reports, 15 (1). https://doi.org/10.1038/s41598-025-12783-0

6.  Tyrell, D., Jacobsen, K., Martinez, E., Perlman, A. B. (2006). Train-to-Train Impact Test of Crash Energy Management Passenger Rail
Equipment: Structural Results. Rail Transportation, 35-44. https://doi.org/10.1115/imece2006-13597

7.  Kirkpatrick, S. W., MacNeill, R. A. (2002). Development of a computer model for prediction of collision response of a railroad
passenger car. ASME/IEEE Joint Railroad Conference, 9-16. https://doi.org/10.1109/rrcon.2002.1000085


https://doi.org/10.32782/2524-0072/2023-52-23
https://doi.org/10.1007/s40864-025-00248-6
https://doi.org/10.22190/fume221217008f
https://d1wqtxts1xzle7.cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9T0V-libre.pdf?1651643639=&response-content-disposition=inline%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBLb2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVN8KLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPAtfilfKTzdYdnauhYwOO-2hSpVz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41eJnds-FOBxTilyOuaJZ1AGJHTUVUkLhw~as11PI-Nr1brxsT8TprsBrbFigLLnHx~2Vuj13le6fZXTdNIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYOiQUu3Nuwb-IHk~ETSA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9T0V-libre.pdf?1651643639=&response-content-disposition=inline%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBLb2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVN8KLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPAtfilfKTzdYdnauhYwOO-2hSpVz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41eJnds-FOBxTilyOuaJZ1AGJHTUVUkLhw~as11PI-Nr1brxsT8TprsBrbFigLLnHx~2Vuj13le6fZXTdNIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYOiQUu3Nuwb-IHk~ETSA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9T0V-libre.pdf?1651643639=&response-content-disposition=inline%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBLb2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVN8KLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPAtfilfKTzdYdnauhYwOO-2hSpVz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41eJnds-FOBxTilyOuaJZ1AGJHTUVUkLhw~as11PI-Nr1brxsT8TprsBrbFigLLnHx~2Vuj13le6fZXTdNIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYOiQUu3Nuwb-IHk~ETSA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9T0V-libre.pdf?1651643639=&response-content-disposition=inline%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBLb2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVN8KLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPAtfilfKTzdYdnauhYwOO-2hSpVz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41eJnds-FOBxTilyOuaJZ1AGJHTUVUkLhw~as11PI-Nr1brxsT8TprsBrbFigLLnHx~2Vuj13le6fZXTdNIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYOiQUu3Nuwb-IHk~ETSA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9T0V-libre.pdf?1651643639=&response-content-disposition=inline%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBLb2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVN8KLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPAtfilfKTzdYdnauhYwOO-2hSpVz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41eJnds-FOBxTilyOuaJZ1AGJHTUVUkLhw~as11PI-Nr1brxsT8TprsBrbFigLLnHx~2Vuj13le6fZXTdNIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYOiQUu3Nuwb-IHk~ETSA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9T0V-libre.pdf?1651643639=&response-content-disposition=inline%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBLb2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVN8KLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPAtfilfKTzdYdnauhYwOO-2hSpVz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41eJnds-FOBxTilyOuaJZ1AGJHTUVUkLhw~as11PI-Nr1brxsT8TprsBrbFigLLnHx~2Vuj13le6fZXTdNIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYOiQUu3Nuwb-IHk~ETSA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/85453299/cengizbaykasoglu_hititedutr110920130Y7K9T0V-libre.pdf?1651643639=&response-content-disposition=inline%3B+filename%3DNumerical_Static_and_Dynamic_Stress_Anal.pdf&Expires=1774004664&Signature=eMoHIIr6PknKOJ8PIBLb2Smb2bM118UpW5tqC6YaWLHU2AjpSsth8Jd4tpVN8KLMQX2FZfcXLbJd4D4MsvDK9RvcX3A0DPAtfilfKTzdYdnauhYwOO-2hSpVz~eXKp3SDKYqfAmQDkqoJr66KpuGoRykuD3WShkuMD-bTScj2msmcQ-ZK7VuqG3eSiCZNRGLPruP6Ylv41eJnds-FOBxTilyOuaJZ1AGJHTUVUkLhw~as11PI-Nr1brxsT8TprsBrbFigLLnHx~2Vuj13le6fZXTdNIBCb03S~A03v9sgCBZjv62VP1MVzfzyJaSBYCynnYOiQUu3Nuwb-IHk~ETSA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1038/s41598-025-12783-0
https://doi.org/10.1115/imece2006-13597

8. Kuczek, T. (2015). Application of manufacturing constraints to structural optimization of thin-walled structures. Engineering
Optimization, 48 (2), 351-360. https://doi.org/10.1080/0305215x.2015.1017350
9. Zairova, D., Kadirov, M. A., Khojiev, N., Khikmatov, F., Shokuchkorov, K. (2021). Running quality assessment of a passenger car

produced in the Republic of Uzbekistan. E3S Web of Conferences, 264, 05058. https://doi.org/10.1051/e3sconf/202126405058

10. Lovska, A., Stanovska, 1., Nerubatskyi, V., Hordiienko, D., Zinchenko, O., Karpenko, N., Semenenko, Y. (2022). 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)), 44-53. https://doi.org/10.15587/1729-4061.2022.265043

11.  Radkevich, N. (2022). The influence of the environment on the bearing structures of passenger cars. Collection of Scientific Works of
the State University of Infrastructure and Technologies Series “Transport Systems and Technologies,” 1 (40), 131-138. https://doi.org/
10.32703/2617-9040-2022-40-11

12. Dizo, J., Blatnicky, M., Harusinec, J., Falendysh, A. (2018). Modification and analyses of structural properties of a goods wagon bogie
frame. Diagnostyka, 20 (1), 41-48. https://doi.org/10.29354/diag/99853

13.  Dizo, J., Harusinec, J., Blatnicky, M. (2015). Multibody System of a Rail Vehicle Bogie with a Flexible Body. Manufacturing Technology,
15 (5), 781-788. https://doi.org/10.21062/ujep/x.2015/a/1213-2489/mt/15/5/781

14. Kondratiev, A., Pisték, V., Gajdachuk, V., Kharchenko, M., Nabokina, T., Kucera, P., Kucera, O. (2023). Effect of Ply Orientation on
the Mechanical Performance of Carbon Fibre Honeycomb Cores. Polymers, 15 (11), 2503. https://doi.org/10.3390/polym15112503

15. Kowalski, S., Cieslikowski, B., Barta, D., Dizo, J., Dittrich, A. (2023). Analysis of the Operational Wear of the Combustion Engine
Piston Pin. Lubricants, 11 (3), 100. https://doi.org/10.3390/lubricants11030100

16.  Stastniak, P., Rakdr, M., Tizek, J. (2023). Design of a Height-Adjustable Boarding System for a New Double-Deck Railway Vehicle. Acta
Mechanica et Automatica, 17 (1), 44-51. https://doi.org/10.2478/ama-2023-0005

17. Smetanka, L., Stastniak, P. (2017). Analysis of Contact Stresses of Theoretical and Worn Profile by Using Computer Simulation.
Manufacturing Technology, 1 7(4), 580-585. https://doi.org/10.21062/ujep/x.2017/a/1213-2489/mt/17/4/580

18. Dizo, J., Blatnicky, M., Melnik, R., Karla, M. (2022). Improvement of Steerability and Driving Safety of an Electric Three-Wheeled
Vehicle by a Design Modification of its Steering Mechanism. LOGI - Scientific Journal on Transport and Logistics, 13 (1), 49-60.
https://doi.org/10.2478/logi-2022-0005

19. Dungel, J., Zvolensky, P., Grencik, J., LeStinsky, L., Krivda, J. (2021). Localization of Increased Noise at Operating Speed of a Passenger
Wagon. Sustainability, 13 (2), 453. https://doi.org/10.3390/su13020453

20. Dizo, J., SteiSunas, S., Blatnicky, M. (2017). Vibration Analysis of a Coach with the Wheel-flat Due to Suspension Parameters Changes.
Procedia Engineering, 192, 107-112. https://doi.org/10.1016/j.proeng.2017.06.019

21. Alizhan, A., Apshikur, B., Alimkulov, M., Goltsev, A., Chernavin, V., Almas, K. (2025). Dynamic Behavior of a Modernized Passenger
Coach for Multimodal Transport: Effect of Wheel Wear and Clearance Optimization. Future Transportation, 5 (4), 168. https://doi.org/
10.3390/futuretransp5040168

22.  Fischer, S. (2024). Investigation of the Settlement Behavior of Ballasted Railway Tracks Due to Dynamic Loading. Spectrum of
Mechanical Engineering and Operational Research, 2 (1), 24-46. https://doi.org/10.31181/smeor21202528


https://doi.org/10.1080/0305215x.2015.1017350
https://doi.org/10.1051/e3sconf/202126405058
https://doi.org/10.15587/1729-4061.2022.265043
https://doi.org/10.32703/2617-9040-2022-40-11
https://doi.org/10.32703/2617-9040-2022-40-11
https://doi.org/10.29354/diag/99853
https://doi.org/10.21062/ujep/x.2015/a/1213-2489/mt/15/5/781
https://doi.org/10.3390/polym15112503
https://doi.org/10.3390/lubricants11030100
https://doi.org/10.2478/ama-2023-0005
https://doi.org/10.21062/ujep/x.2017/a/1213-2489/mt/17/4/580
https://doi.org/10.2478/logi-2022-0005
https://doi.org/10.3390/su13020453
https://doi.org/10.1016/j.proeng.2017.06.019
https://doi.org/10.31181/smeor21202528

