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Abstract: Railway transport of goods represents a crucial part of the transport system in 
many countries. Currently, containers' intermodal transport has a significant ratio of goods 
transport and rail vehicles, i.e., freight wagons for intermodal transport across the border 
of countries. As it is an international transport means, freight wagons need to be designed to 
meet the operational conditions of all countries in which they are used. The presented 
research is focused on the investigation of the dynamic properties of a long freight wagon. 
This wagon is designed for intermodal transport, and it is equipped with two Y25 bogies.  
The research is performed using a scientific method based on multibody system dynamics. 
Output quantities in a wheel/rail contact, such as vertical wheel forces Q, lateral wheel 
forces Y and the derailment quotient Y/Q, are evaluated. Simulation computations are 
carried out in commercial multi-body software. A railway track model corresponds to a real 
track section. The results of the performed research showed that the load of the wagon 
equipped with the Y25 bogie significantly influences the dynamic properties of the wagon 
under operational conditions. 

Keywords: Long freight wagon; Safety, Multibody system; Y25 bogie; Dynamics 

1 Introduction 

As in other areas, in the operations for rail vehicles, emphasis is placed on reducing 
the costs of operations, repairs and the maintenance of the operated vehicles, while 
simultaneously increasing their transport capacity. For this purpose, freight wagons 
for intermodal transport are designed [1-4]. The current trend, as well as the future 
tendencies in freight railway transport, is oriented toward using longer flat wagons 
for container transportation. It can be compared with the trends in road transport, 
where so-called “gigaliners”, as well as semi-trailer chassis for containers are 
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applied [5-8]. In intermodal railway transport, mainly 40ft containers and 20ft 
containers are used, at which, the ratio of the 40ft containers is increasing. These 
containers are transported within railways on adapted freight flat wagons [9-12].  
A solved long 80ft wagon is equipped only with two bogies in comparison with an 
articulated six-axle wagon. The application of long flat wagons helps to reduce 
operational costs, running resistance, maintenance costs, and production costs.  
The idea of a four-axle 80ft long flat wagon (hereafter a long wagon) has already 
been applied in practice. The solved long wagon for intermodal container transport 
(Figure 1) includes fewer elements, and it has a lower self-weight, which leads to 
higher transport capacity. Additionally, the distance between center pivots, the 
height of the flat wagon body, loading capacity, and more friendly dynamic effects 
to a railway track thanks to the wagon body frame flexibility are other features that 
differentiate the solved long wagon from the others. The objective is to achieve an 
increased load capacity and reduced weight. It is considered that the wagon is 
equipped with a Y25 bogie, which represents a standard for freight wagons operated 
in Central and Eastern Europe.  

 
Figure 1 

An illustration of the solved long wagon (a virtual model) 

As it is necessary in the case of every design process, the solved long wagon is also 
subjected to research regarding operational properties. Safety plays a significant 
role in transport systems and transport infrastructure. The dynamic properties of 
wagons significantly affect their running safety. The approach, based on simulation 
computations, allows for the reduction of the costs and time needed during the 
development stage of a wagon. Simulation computations were also employed in the 
presented scientific work to research the dynamic properties of the long wagon.  
A multibody model (an MBS model) was created using commercial simulation 
software. 

2 Literature Review 

Research in the field of design, as well as the evaluation of dynamic properties of 
rail vehicles, is a subject of many scientists and researchers across many countries. 
It requires a constant trend of improving the safety and efficiency of rail transport. 
Not only all the wagons are examined, but also bogies for general and specific 
running modes. 
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The scientific work [14] is aimed at simulation analysis of a Y25 bogie. The authors 
created four variants of this bogie, at which point a new design of the wheelset 
guidance was proposed. The modes were created in the Simpack software package. 
The results of simulation analyses showed that a newly designed wheelset guidance 
with two friction Lenoir dampers and longitudinal linkages together with a torsional 
bar has the best results among the variants compared. However, the simulation 
analyses were not performed on a real track; they were only performed with a bogie, 
not with an entire wagon. The analyses of flat freight wagons are presented in the 
work [15]. There is specially designed removable equipment, which allows the 
transport of various kinds of containers, including 20ft and 40ft containers. 
Although the article is focused on a flat wagon, no mention of the dynamics when 
running on the railway track is made. The scientist, F. Haferkorn [16] thinks about 
the possibilities of high-speed freight trains in a real operation. It is proposed as a 
possible solution to use a Jacobs bogie for articulated flat wagons, which is in 
contrast with the findings presented in the introduction of this research.  
The authorship of the research [17] investigates negative facts that can arise during 
freight wagon operations, mainly longitudinal forces between buffers at emergency 
braking. The research does not include an investigation of a freight wagon running 
on a real track. 

Exciting research performed by the authors N. Bosso et al. is presented in [18]. They 
present an application of the state-of-the-art technique, namely a digital twin, to 
make MBS simulations for the investigation of rail vehicle simulations easier. 
Although it includes modern simulation tools, the simulations were not performed 
for real track geometry and not for long flat freight wagons for intermodal transport 
of containers. N. Bosso was also a member of the research team investigating the 
phenomena related to freight wagons running on a track [19]. The work [20] 
includes an idea of the modification of a flat freight wagon by application of a basket 
allowing transportation of timber and containers. Despite an extensive 
investigation, the work does not provide a deeper view of the wagon dynamics when 
running on a railway track. The energy consumption of wagon running is not a 
negligible fact. The simulation computations with the help of MBS software are 
also possible to use to investigate this problem. 

The authors D. Zhang et al. [21] performed the research using VI-Rail software to 
find a suitable position for the center of gravity of the load located on a freight 
wagon. Despite the interesting findings, the research has not been performed on a 
real railway track, allowing for the proper location of the center of gravity for a 
particular railway track. The article [22] is focused on exciting scientific activities 
of computational and experimental research of problems regarding the operation of 
freight wagons safety. This work does not include information about the track 
geometry, and, at the same time, it is not about long freight wagons. Therefore, 
additional information is required. 

It is possible to conclude that simulation computations play an important role in the 
field of rail vehicle analysis. This review also shows that analyses of long freight 
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wagons regarding their dynamics are not widely performed. It can also be stated 
that performing simulation analyses based on the real data of railway tracks is not a 
common activity among scientists and scholars. Therefore, it is worth presenting 
them. 

3 The Main Tasks of this Research 

The presented research is focused on an investigation of the dynamic properties of 
the long freight wagon under specific operational conditions. The main objective of 
the research is to provide the results of the simulation computation of the long 
freight wagon, which the research includes: 

• Creation of the MBS model of the Y25 bogie 
• Creation of the entire MBS model of the designed long freight wagon 
• Creation of the railway track models for two real track sections 
• Assessment of the values of the output signals of the chosen wheel/rail 

contact quantities, namely the vertical wheel forces Q, the lateral wheel 
forces Y and the derailment quotient Y/Q 

The aim here is not to present the design solutions of the wagon but to assess the 
running properties under specific running conditions. 

The analysis of the literature sources leads to a formulation of the following novelty 
of the performed research: 

• The authors created the MBS model of the long freight wagon with a 
specific design 

• The created MBS wagon is analyzed from the safety point of view of the 
specific railway track sections 

• The simulation model includes the railway track model sections, which are 
set-up based on their real track geometry 

• The presented values of the output quantities represent unique results, 
which cannot be found similarly 

• The assessment of possibilities of operation of the long freight wagon on 
regional railway tracks, which have curves with smaller radii (the Y25 
bogie has some deficiencies when running in smaller curves regarding 
running safety) 
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4 A Description of a Created Computational Model 

The dynamic properties of the solved long freight wagon have been investigated 
using its MBS model. The Simpack software has been used for the research [14, 23, 
24]. The MBS model of the Y25 bogie, as well as the entire wagon and the tracks, 
are described in the following subsections. 

4.1 A Multibody Model of a Bogie 

The Y25 bogie and its derivations are a common running gear for freight wagons 
operated on Central and Eastern European railway tracks [25] [26]. The Y25 bogie 
uses duplex coil springs between axle-boxes and a bogie frame. The wheelset base 
is of 1,800 mm, and the wheel diameter is 920 mm. The wagon body is connected 
to the bogie by a center pivot with high rigidity, and damping of the yaw movement 
is ensured by a pair of side-bearers [27]. The known fact about this bogie suspension 
system is that its load is absorbed in the vertical direction by coil springs, and the 
frictional force is derived by means of an inclined suspension. It is considered that 
the bogie has an axle load of 22.5 t. The MBS model of the bogie created in the 
Simpack software is shown in Figure 2. This model comes from the Y25Ls1-K 
bogie model, which mass is of 4.5 t and a wheel diameter is of 920 mm. Individual 
components of the MBS bogie model are marked, and they are as follows: 1 - 
wheelsets, 2 - bogie frame, 3 – axle-boxes, 4 - coil springs, 5 - side bearers, 6 - a 
center pivot, 7 - rails. 

 
Figure 2 

The Y25 bogie model created in the Simpack software 

The friction damper of the bogie (also called a Lenoir link) is the key factor in 
creating a proper model of the bogie suspension system. The frictional forces in the 
used friction damper are described by Coulomb's law [15] [28]. The MBS bogie 
model consists of rigid bodies, including two wheelsets, four axle-boxes and one 
bogie frame. The wheel/rail contact model [29] [30] is an important modeling 
element that seriously influences the plausibility of the results. It is also defined in 
the bogie model. The FASTSIM algorithm was defined for the analyzed wagon 
bogie model. This approach is widely applied for the calculation of the wheel/rail 
contact forces [31-34]. 
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The Simpack software has a built-in wheel/rail contact modeling element, which 
calculates the vertical wheel forces, the lateral wheel forces and the derailment 
quotient. It also allows the calculation of complicated tasks of wheel/rail contact, 
e.g., in switches, railway track transition sections, etc. [35-38]. Figure 3 depicts the 
geometrical couple of the wheel/rail contact. The wheel profile is S1002, and the 
rail profile is UIC60. 

  
(a) (b) 

Figure 3 
An illustration of the wheel/rail contact points: (a) on the left side; (b) on the right side 

4.2 A Model of a Long Freight Wagon 

A virtual model of the long wagon consists of three subsystems: the body of the 
wagon, and two bogies, and this approach can be found as a standard way for 
evaluating wagon dynamics [39-43]. 

A simplified dynamic scheme of the solved freight wagon for vertical oscillation is 
shown in Figure 4. The wagon base was considered to be 18200 mm and the console 
at 4150 mm. Individual items mark the main components of the wagon model, 
which are as follows: 1 - wheelsets, 2 - bogies frames, 3 - a half of the wagon body, 
4 - viscous-elastic coupling between wheelsets and bogies, i.e., coil duplex springs 
and a friction damper, 5 - viscous-elastic coupling between bogies and wagon body 
(a center pivot and side bearers). As seen in Figure 4, the used computational model 
consists of rigid bodies, which are connected by means of massless viscous-
damping elements. These elements include mainly springs and dampers.  
The individual components are as follows: kp is the stiffness of the primary 
suspension, bp is the damping in for the friction damper used in the Y25 bogie, ks is 
the stiffness of the secondary suspension and bs is the damping of the secondary 
suspension. However, the term "secondary suspension" is not exact. The mass and 
inertia parameters of the wagon (Figure 4) are as follows: mb1, mb2 are masses of 
bogie frames, Ibφ1, Ibφ2 are moments of inertia of the bogie frames for the lateral axes 
and Ibψ1, Ibψ2 are moments of inertia of the bogie frames regarding the longitudinal 
axes. 
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Figure 4 

A simplified dynamic scheme of a long freight wagon when vertical oscillation 

Side bearers of the Y25 bogie are located on the bogie frame top together with the 
center pivot. The center pivot has a semi-sphere shape, and it is padded with a 
special plastic pad with high stiffness. The rest of the marks indicate the center of 
gravities of individual bodies (CoG) and generalized coordinates, which are vertical 
movements of the bogie frames and wagon body zb1, zb2, zn1 and zn2, respectively, 
and angular movements of these bodies φb1, φb2, φn1, φn2. It is not necessary to derive 
a mathematical model of the wagon. On the one hand, it would not be so easy, and 
on the other hand, the multibody software used derivates the computational model 
automatically based on the user's definitions in the software interface. In principle, 
the mathematical model consists of equations of motion in the known form: 

𝑴𝑴 ∙ 𝒛̈𝒛 + 𝑩𝑩 ∙ 𝒛̇𝒛 + 𝑲𝑲 ∙ 𝒛𝒛 = 𝑸𝑸 (1) 

where 𝑴𝑴 is the mass matrix, 𝑩𝑩 is the damping matrix, 𝑲𝑲 is the stiffness matrix, 𝒛̈𝒛, 
𝒛̇𝒛, 𝒛𝒛 is the vector of accelerations, velocities and deflections, respectively, and 𝑸𝑸 is 
the vector of external loads. In the case of a wagon running on a track, the 𝑸𝑸 vector 
usually includes the excitation forces due to track irregularities. 

For the purposes of dynamic analysis of freight wagons running on a real track and 
comparison of outputs, empty and loaded wagon models were created. These load 
cases were considered when two containers with a length of 40 feet were loaded on 
the wagon. The body of the wagon is made up of two separate bodies, which in the 
central part are connected by a rotational link with one degree of freedom (around 
the x axis) and applied torsional stiffness. Figure 5a shows the wagon body of the 
long freight wagon in an empty state, and Figure 5b depicts the freight wagon in a 
fully loaded state. 

  
(a) (b) 

Figure 5 
A 3D model of the long wagon model: (a) The empty state; (b) The loaded state 
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4.3 A Model of the Railway Track Sections 

Two railway track sections have been chosen for the dynamic analysis of the solved 
long freight wagon. These railway track sections correspond to two real railway 
track sections in the Slovak Republic. These sections are as follows: the railway 
track between Prievidza–Chrenovec will be hereinafter Track A, and the railway 
track between Šurany–Úľany and Žitavou will be hereinafter Track B. Track A has 
the total length of 7500 m and the total length of the Track B is almost 5850 m. 
Figure 6a shows the horizontal geometry of Track A, and Figure 6b depicts the 
horizontal geometry of Track B. The running speed was set up to the average value 
permitted in these sections, i.e., 60 km/h. 

  
(a) (b) 

Figure 6 
The geometries of the railway track in the horizontal plane: (a) the Track A; (b) the Track B 

Since sections with different radii of curves and the resulting sections in transitions 
and ramps, as well as straight sections, occur on this track, the track is suitable for 
performing dynamic analyses and for assessing derailment safety. Further, the track 
model consisted of two rails with a UIC60 profile and a slope of 1:40. The track can 
be modeled with or without irregularities [44] [45]. In most cases, track 
irregularities are defined as the variance of values between the theoretical and real 
rail profile, i.e., measured irregularities of a track [46-48]. The track in the research 
was modelled as a rigid railway track with defined measured track irregularities. 
The irregularities deviations were defined with a step of 0.5 m. 
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5 Results of Simulation Computations 

A long freight wagon is assessed in terms of dynamics using the established criteria. 
In Europe, there are mainly UIC (International Railway Union) regulations and also 
new European standards [49] [50]. 

The evaluation of the obtained results is focused on the assessment of three main 
quantities, namely vertical wheel forces Q, lateral wheel forces Y and derailment 
quotient Y/Q. The safety of a rail vehicle is assessed from the safety point of view. 
This comes from the Nadal criterion [49] [50] as follows: 

�
𝑌𝑌
𝑄𝑄
�
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

=
tan(𝜑𝜑 − 𝑓𝑓)
1 + 𝑓𝑓 ∙ tan𝜑𝜑

 
(2) 

where φ is the wheel/rail angle contact, and f is the wheel/rail friction coefficient. 
The determined limit value of this ratio depends on the curve radius [49-51]. For 
radii R > 250 m, a limit value of 0.8 applies on a two-meter section, and a limit 
value of 1.2 applies for smaller curve radii. All the conditions that must be met by 
a wagon to be put into operation are listed in the relevant standards UIC 518, TSI 
and STN EN 14363 [49, 50, 52, 53]. It should be noted, that the results of the 
dynamic analyses are shown for the first wheelset in the running direction. This 
wheelset was chosen, because its dynamic response is crucial regarding to the 
evaluation of the dynamic properties of a wagon running. 

The results of the dynamic analyses of the long freight wagon running on Track A 
are presented in Figs. 7 and 8. Figure 7 includes the waveforms of the output 
quantities signals for the empty state and Figure 8 for the loaded state of the wagon. 

 

a) 

 

b) 
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c) 

Figure 7 
Waveforms of the signals of the output quantities for the empty long freight wagon, Track A: (a) the 

vertical wheel forces Q, (b) the lateral wheel forces Y, (c) The derailment quotient Y/Q 

Moreover, these figures consist of three graphical outputs. Part "a" belongs to the 
vertical wheel forces signals Q, part "b" for the lateral wheel forces signals Y and 
part "c" for the signals of the derailment quotient Y/Q. The total computation time 
of the simulation was 450 s. The sampling rate was chosen as 200 Hz.  
The waveforms of the vertical wheel forces (Figure 7a) are presented as follows: 
Track A includes several curves with various radii. As it can be seen, the forces 
increase in curves. It is caused by the centrifugal effects of the wagon running in 
these curves. 

 

a) 

 

b) 
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c) 
Figure 8 

Waveforms of the signals of the output quantities for the loaded long freight wagon, Track A: (a) the 
vertical wheel forces Q, (b) the lateral wheel forces Y, (c) The derailment quotient Y/Q 

Further, in the straight sections, the vertical wheel force signals correspond to the 
gravitational load of the wagon. When the curves of the vertical wheel forces Q in 
the empty state are compared with the lateral wheel forces Y (Figure 7b) of with the 
derailment quotient Y/Q (Figure 7c), it is evident that these forces vary with high 
frequency ("fringed waveforms"). It is caused by track irregularities. The lateral 
wheel forces also increase in curves, either positive or negative values, due to the 
centrifugal effect of the wagon running. Indeed, these values are higher in curves 
with smaller curve radii. In the straight track section, the values of lateral wheel 
forces are sufficiently small. Finally, the derailment quotient Y/Q can be checked in 
Figure 7c. The objective is to compare the achieved values with the permissible 
value (described above in this section). It is found that the values of the Y/Q ratio 
exceed the permissible value of 0.8 in four curves (time intervals 190 to 210 s, 260 
to 280 s and 325 to 370 s). The results of the output quantities signal for the loaded 
state of the wagon are presented in Figure 8. As it is identified, the waveforms of 
the vertical wheel forces Q have smaller amplitudes (Figure 8a). It is explained by 
the design of the friction damper used in the Y25 bogie. The damping force of this 
damper depends on the loading of the wagon. The waveforms of the lateral wheel 
forces signal Y correspond to the findings commented above (Figure 8b). A more 
interesting fact can be identified in Figure 8c, where the derailment ratio Y/Q for 
the load wagon is shown. The values for the loaded wagon do not exceed the 
maximal permissible value of 0.8, which is more favorable than the previous case 
of the empty wagon running. 

The results of the simulation computation of the long freight wagon running on 
Track B are presented in Figure 9 and Figure 10. 

 
a) 
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b) 

 
c) 

Figure 9 
Waveforms of the signals of the output quantities for the empty long freight wagon, Track B: (a) the 

vertical wheel forces Q, (b) the lateral wheel forces Y, (c) The derailment quotient Y/Q 

As it can be seen in Figure 9, which includes the results for the empty wagon, the 
vertical wheel forces again change their values in curves due to the centrifugal 
effects. It is confirmed that the friction damper of the Y25 bogie of the loaded 
wagon has better damping effects (Figure 10a) in comparison with the empty wagon 
(Figure 9a). The lateral wheel forces have similar tendencies, i.e., they increase in 
curves, and the straight track sections have small values. 

 

a) 

 

b) 
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c) 

Figure 10 
Waveforms of the signals of the output quantities for the loaded long freight wagon, Track B: (a) the 

vertical wheel forces Q, (b) the lateral wheel forces Y, (c) The derailment quotient Y/Q 

From the safety point of view, the assessment of the derailment ratio Y/Q is 
important (Figure 9c and 10c). 

In the case of Track B, both empty wagon and loaded wagon run through the entire 
track length within the permissible derailment quotient value. It means that the 
freight wagon running on Track B is safe regardless of the loading conditions. 

6 Findings and Discussion 

The main objective of this research was to investigate the dynamic properties of 
long freight wagons by means of simulation computations. This was designed to 
assess whether the designed long freight wagon can operate not only on main 
railway corridors, but also on regional tracks. Simulation computations represent a 
robust tool to identify safety conditions without the need for expensive and time-
consuming experiments. The approach of the simulation computations belongs to 
the scientific method to investigate the wagon dynamics and the response of the rail 
vehicle under operational conditions. It can even be applied as a method for 
commissioning rail vehicles for operation. The performed simulation computations 
revealed interesting facts, which helped to define a real operation of the investigated 
type of freight wagon on the particular railway tracks. 

The values obtained for the vertical wheel force Q, lateral wheel forces Y, and the 
derailment quotient Y/Q are depicted in the form of graphical outputs. These values 
are important for the evaluation of the dynamic response of the investigated long 
freight wagon, and they determine the operational safety of the wagon.  
The assessment of the investigated freight wagon dynamics comes from the 
quantitative evaluation of the achieved results. Figure 7a and Figure 8a show the 
results of the vertical wheel forces of the empty and loaded wagon are shown.  
The maximal value of the vertical wheel force for the empty wagon is 43.8 kN 
(Figure 7a), and it is for the seventh curve (time interval of 160 s to 170 s).  
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The straight track section load corresponds to the gravitational force of the empty 
wagon, i.e., 31.75 kN. This is clearly visible for the time interval of 65 s to 80 s and 
further for the time interval of 115 s to 135 s. As it is considered that the center of 
gravity is in the longitudinal plane of the wagon, the vertical wheel forces of the 
right and left wheels overlap. 

When we look at the results of the vertical wheel forces Q of the loaded wagon 
(Figure 8a), the waveforms do not have such high amplitudes. It is caused by the 
operational principle of the friction damper, whose damping force depends on its 
vertical load [28] [53]. The maximal values of the vertical wheel forces are over 
200 kN, and they are detected in the first curve of the track. The gravitational load 
of the wheels (i.e., also of the railway track) is 115 kN in the straight track sections. 

The operation of the long freight wagon on Track B shows similar tendencies 
regarding the waveforms of the vertical wheel forces. The maximal value for the 
empty wagon is 46 kN, and it is in the time interval of 180 s to 192 s (Figure 9a). 
Just like on Track A, the higher load of the wagon means smaller amplitudes of the 
vertical wheel forces and lower dynamical effects of the wagon running on the track. 
The maximal value of the loaded wagon running on Track B is 192 kN for the same 
time interval. 

In principle, the lateral wheel force Y represents the lateral reaction of the wheel/rail 
couple to the centrifugal effects of the wagon running in curves. Of course, these 
forces also depend on the wagon load. Their waveforms are shown in Figure 7b and 
Figure 8b for Track A and in Figure 9b and Figure 10b for Track B. The highest 
value was detected for the loaded wagon on Track B, and it is 70 kN (the absolute 
value) in the first curve (Figure 10b, time interval of 25 s to 45 s) 

The derailment quotient Y/Q is the most important output quantity from the safety 
point of view. It expresses a ratio of the safe operation of the wagon on the track 
under the given conditions. This value is observed along the entire tracks' sections, 
and it is compared with the permissible one. The maximal value of the Y/Q quotient 
for Track A and the empty wagon is over 0.93. This value, in combination with the 
curve radius, is not acceptable. When the waveform for the loaded wagon is 
checked, it can be seen that the maximal calculated value is lower, and it reaches 
the value of 0.62, which is fully acceptable. 

The different situation is for Track B when the empty wagon runs through curves. 
The maximal value of the Y/Q ratio is 0.58 in the first curve, i.e., a time interval of 
25 s to 55 s (Figure 9c). The maximal value of the Y/Q ratio for the loaded wagon 
is up to the value of 0.4. Therefore, it is acceptable for the wagon to be operated 
safely on this track. 

The main limitations of the research consists in the used model. The model of 
wagon was created by rigid bodies. Therefore, the main prospect of the future 
research will focus on investigating other additional phenomena regarding 
modeling and simulations. There are efforts to create a flexible MBS model of the 
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wagon. This means that the wagon body would be created as a flexible body and 
subsequently imported into the MBS software. It is assumed that such a model will 
better simulate a wagon's behavior under operational conditions. Further, the 
current research considered only fully loaded containers and empty containers. 
Although it makes sense because these load cases represent extreme loading 
conditions, it will be suitable to find out the limits for a minimal load of containers 
to ensure safe running on the tracks. Other activities will be aimed at analyses of 
the solved long freight wagon on other railway tracks. Moreover, there is 
consideration, that a flexible railway track foundation will be defined in the 
multibody simulations. In this way, the described limitation of the current study will 
be reduced and the research will better reflect actual operational conditions. 

Conclusions 

Computer simulation is currently a very widespread and modern way of analyzing 
the dynamic properties of railway vehicles. The analysis of the dynamics of wagon 
motion is a complex issue that uses the tools and methods of mechanics, 
mathematics, material engineering, and engineering technology in its solution while 
adhering to the principles of modern construction applied to the field of railway 
vehicles. Simulation calculations represent a robust way through which adequate 
information can be obtained for several questions arising from the increasing 
demands on rail transport while observing the principles and conditions belonging 
to technical standards before this information is obtained as a result of operation. 

In this research, the running characteristics of the long freight wagon equipped with 
the Y25 bogie were evaluated. The evaluated parameters were the vertical wheel 
forces Q, the lateral wheel forces Y and the resulting important monitored criterion 
- derailment safety quotient Y/Q. These parameters were evaluated for an empty 
wagon and a loaded freight wagon, running on two selected real railway track 
sections. The track irregularities were also applied to the track model. The given 
tasks were solved, and achieved the following goals: 

• The multibody model of the long freight wagon, including the multibody 
model of the Y25 bogie was created 

• The multibody model of the real two railway track sections was created, 
including track irregularities 

• Simulation computations of the long freight wagon were performed for 
empty and loaded wagon conditions 

• Evaluated the selected output signals of the quantities measured in the 
wheel/rail contact, namely vertical wheel forces, lateral wheel forces and 
the derailment quotient 

• An empty wagon had dangerous running properties, while running on the 
railway Track A in the empty state 

• The rest of the examined cases were accepted for real operations 



A. Lovska et al. Study on the Dynamic Properties of a Long freight Wagon,  
 from a Safety Point of View, when Running on a Track 

‒ 24 ‒ 

Acknowledgements 

This research was also supported by the Slovak Research and Development Agency 
of the Ministry of Education, Science, Research and Sport of the Slovak Republic 
VEGA 1/0308/24 "Research of dynamic properties of rail vehicles mechanical 
systems with flexible components when running on a track. This publication was 
supported by the Cultural and Educational Grant Agency of the Ministry of 
Education of the Slovak Republic in the project KEGA 031ŽU-4/2023: 
Development of key competencies of the graduate of the study program Vehicles 
and Engines. 

"Funded by the EU NextGenerationEU through the Recovery and Resilience Plan 
for Slovakia under the project No. 09I03-03-V01-00131." 

References 

[1] Rathi, P. & Upadhyay, A. (2022) Container retrieval and wagon assignment 
planning at container rail terminals. Computers and Industrial Engineering, 
172, 108626 

[2] Siri, S., Palmiere, A. & Ambrosino, D. (2024) Multi-objective optimization 
methods for train load planning in seaport container terminals. IEEE 
Transactions on Automation Science and Engineering, 21(3), 3216-3228 

[3] Filina-Dawidowicz, L. & Kostrzewski, M. (2022) The Complexity of 
Logistics Services at Transshipment Terminals. Energies 15(4), 1435 

[4] Vatulia, G., Lovska, A., Pavliuchenkov, M., Nerubatskyi, V., Okorokov, A., 
Hordiienko, D., Vernigora, R. & Zhuravel, I. (2022) Determining patterns of 
vertical load on the prototype of a removable module for long-size cargoes. 
Eastern-European Journal of Enterprise Technologies 6(7),1-29 

[5] Lüthi, T. & Dell, G. Gigaliner study, technical assessment on traffic and 
infrastructure on the Swiss road network. Proceedings of the 19th Intelligent 
Transport Systems World Congress, ITS 2012, 22-26 October. United States, 
22-26 October 2012, 101478 

[6] Marchuk, R., Sakhno, V., Murovanyi, I., Razboinikov, O., Razboinikov, O., 
Bosenko, V. & Marchuk, N. (2024) To determine the maneuverability of 
three-link road trains type "b-triple" with steered axles of semi-trailers 
dollies. Archives of Automotive Engineering 104(2), 97-111 

[7] Kati, M. S., Koroglu, H., Fredriksson, J. & Islam, M. M. (2023) Robust static 
output feedback with dynamic disturbance feed-forward for lateral control of 
long-combination vehicles at high speeds. Journal of Dynamic Systems, 
Measurement and Control, Transactions of the ASME 145(3), 031004 

[8] Panchenko, S., Gerlici, J., Vatulia, G., Lovska, A., Rybin, A. & Kravchenko, 
O. (2023) Strength assessment of an improved design of a tank container 
under operating conditions. Communications - Scientific Letters of the 
University of Žilina 25(3), B186-B193 



Acta Polytechnica Hungarica Vol. 23, No. 1, 2026 

‒ 25 ‒ 

[9] El Yaagoubi, A., Ferjani, A., Essaghir, Y., Sheikhahmadi, F., Abourraja, M. 
N., Boukachour, J., Baron, M.-L., Duvallet, C. & Khodadad-Saryazdi, A. 
(2022) A logistic model for a french intermodal rail/road freight 
transportation system. Transportation Research Part E: Logistics and 
Transportation Review 164, 102819 

[10] Nehring, K., Lasota, M., Zabielska, A. & Jachimowski, R. (2023) A 
multifaceted approach to assessing intermodal transport. Scientific J. of 
Silesian University of Technology. Series Transport 121, 141-165 

[11] Macioszek, E. (2023) Analysis of the rail cargo transport volume in Poland 
in 2010-2021. Scientific Journal of Silesian University of Technology. Series 
Transport 119, 125-140 

[12] Fischer, S. & Szürke, S. K. (2023) Detection process of energy loss in electric 
railway vehicles. Facta Universitatis, Series: Mechanical Engineering 21(1), 
81-99 

[13] Tosh-railways. Available on: https://www.tosh-railways.com/Wagons/UIC-
letter-codes/S/Sgns 

[14] Lack, T. & Gerlici, J. (2018) Y25 freight car bogie models properties analysis 
by means of computer simulations. MATEC Web of Conferences 157, 03014 

[15] Shaposhnyk, V., Shykunov, O., Reidemeister, A., Leontii, M. & Potapenko, 
O. (2021) Determining the possibility of using removable equipment for 
transporting 20- and 40-feet-long containers on an universal platform wagon. 
Eastern-European Journal of Enterprise Technologies 1(7), 14-21 

[16] Haferkorn, F. (2022) Articulated train of deep well cars for high-speed 
container transport. Proceedings of the 18th International Conference on 
Railway Engineering Design and Operation, COMPRAIL 2022, Virtual 
Online, 21-23 September 2022, pp. 121-134 

[17] Di Gialleonardo, E., Melzi, S., Trevisi, D. (2023) Freight trains for 
intermodal transportation: optimisation of payload distribution for reducing 
longitudinal coupling forces. Vehicle System Dynamics 61(10), 2532-2550 

[18] Bosso, N., Magelli, M., Trinchero, R. & Zampieri, N. (2023) Application of 
machine learning techniques to build digital twins for long train dynamics 
simulations. Vehicle System Dynamics 62(1), 21-40 

[19] de Paula Pacheco, P. A., Magelli, M., Lopes, M. V., Correa, P. H. A., 
Zampieri, N., Bosso, N. & dos Santos, A. A. (2024) The effectiveness of 
different wear indicators in quantifying wear on railway wheels of freight 
wagons. Railway Engineering Science 32, 307-323 

[20] Bizoń, K., Chmielewska, A., Chudzikiewicz, A., Sładkowski, A. & 
Stelmach, A. (2023) Integrated research of multi-purpose stanchion baskets 
for transporting timber and containers. Transport Problems 18(4), 73-86 



A. Lovska et al. Study on the Dynamic Properties of a Long freight Wagon,  
 from a Safety Point of View, when Running on a Track 

‒ 26 ‒ 

[21] Zhang, D., Zhou, F.-R., Tang, Y.-Y., Tao, Z.-Y. & Peng, Q.-Y. (2023) 
Optimization of the loading plan for a railway wagon from the perspectives 
of running safety and energy conservation. Energy 280, 128229 

[22] Konowrocki, R. & Chojnacki, A. (2020) Analysis of rail vehicles' operational 
reliability in the aspect of safety against derailment based on various methods 
of determining the assessment criterion. Eksploatacja i Niezawodnosc 22(1), 
73-85 

[23] Hauser, V., Nozhenko, O., Kravchenko, K., Loulova, M., Gerlici, J. & Lack, 
T. (2017) Impact of wheelset steering and wheel profile geometry to the 
vehicle behavior when passing curved track. Manufacturing Technology 
17(3), 306-312 

[24] Gerlici, J., Gorbunov, M., Nozhenko, O., Pistek, V., Kara, S., Lack, T. & 
Kravchenko, K. (2017) About creation of bogie of the freight car. 
Communications - Scientific Letters of the University of Žilina 19(11), 2935 

[25] Opala, M., Korzeb, J., Koziak, S. & Melnik, R. (2021) Evaluation of stress 
and fatigue of rail vehicle suspension component. Energies 14(12), 3410 

[26] Rybicka, I., Stopka, O., Luptak, V., Chovancova, M. & Drozdziel, P. (2018) 
Application of the methodology related to the emission standard to specific 
railway line in comparison with parallel road transport: a case study. 
MATEC Web of Conferences 244, 03002 

[27] Opala, M. (2018) Evaluation of bogie centre bowl friction models in the 
context of safety against derailment simulation predictions. Archive of 
Applied Mechanics 88, 943-953 

[28] Bosso, N., Gugliotta, A. & Somá, A. (2022) Multibody simulation of a 
freight bogie with friction dampers. ASME/IEEE 2002 Joint Rail Conference 
RTD, Washington, DC, United States, 23-25 April 2022, pp. 47-56 

[29] Lack, T. & Gerlici, J. (2014) Wheel/rail tangential contact stress evaluation 
by means of the modified strip method. Communications - Scientific Letters 
of the University of Žilina 16(11), 33-39 

[30] Lack, T. & Gerlici, J. (2009) Railway wheel and rail roughness analysis. 
Communications - Scientific Letters of the University of Žilina 11(2), 41-48 

[31] Ichiyanagi, Y., Sato, Y., Michitsuji, Y., Matsumoto, A., Tanimoto, M., 
Nakasato, Y., Ito, J., Matsuda, T. & Shinagawa, D. (2025) Evaluation of 
wheel flange lubrication condition based on continuous observation of 
wheel/rail contact forces. Lecture Notes in Mechanical Engineering 2025 
161-171 

[32] Spiryagin, M., Polach, O., Bernal, E., Rahaman, M., Wu, Q., Cole, C. & 
Persson, I. (2023) Implementation of the rheological dry friction model in 
Fastsim algorithm for locomotive traction studies. Lecture Notes in 
Mechanical Engineering 2023, 612-622, 322769 



Acta Polytechnica Hungarica Vol. 23, No. 1, 2026 

‒ 27 ‒ 

[33] Deng, X., Ni, Yi-Q. & Liu, X. (2022) Numerical analysis of transient wheel-
rail rolling/slipping contact behaviors. Journal of Tribology 2022, 144(10), 
101503 

[34] Matsumoto, A., Michitsuji, Y., Ichiyanagi, Y., Sato, Y., Ohno, H., Tanimoto, 
M., Iwamoto, A. & Nakai, T. (2019) Safety measures against flange-climb 
derailment in sharp curve-considering friction coefficient between wheel and 
rail. Wear 432-433, 202931 

[35] Kou, L., Sysyn, M. & Liu, J. (2024) Influence of crossing wear on rolling 
contact fatigue damage of frog rail. Facta Universitatis, Series: Mechanical 
Engineering 22(1), 25-44 

[36] Fischer, S. (2009) Comparison of railway track transition curves. Pollack 
Periodica 2009, 4(3), 99-110 

[37] Kou, L., Sysyn, M., Liu, J., Fischer, S., Nabochenko, O. & He, W. (2023) 
Prediction system of rolling contact fatigue on crossing nose based on 
support vector regression. Measurement: Journal of the International 
Measurement Confederation 210, 112579 

[38] Kravchenko, K., Gerlici, J., Harusinec, J. & Kravchenko, O. (2021) Research 
of the characteristics of wheel and rail contact under the influence of design 
and operational factors. Proceedings of the 25th International Conference 
Transport Means 2021, Kaunas, Lithuania, 6-8 October, 2021, pp. 865-870 

[39] Chudzikiewicz, A., Gerlici, J., Sowińska, M., Stelmach, A. & Wawrzyński, 
W. (2020) Modeling and simulation of a control system of wheels and 
wheelset. Archive of Transport 55(3), 73-83 

[40] Szczepański, E., Gołębiowski, P. & Kondracka, B. (2023) Evaluation of the 
technological process of wagon processing at shunting stations using the 
simulation model. Scientific Journal of Silesian University of Technology. 
Series Transport 120, 249-267 

[41] Lovskaya, A. (2014) Assessment of dynamic efforts to bodies of wagons at 
transportation with railway ferries. Eastern-European Journal of Enterprise 
Technologies 3(4), 36-41 

[42] Lovska, A. (2015) Peculiarities of computer modeling of strength of body 
bearing construction of gondola car during transportation by ferry-bridge. 
Metallurgical and Mining Industry 7, 49-54 

[43] Steišūnas, S., Bureika, G. & Gorbunov, M. (2019) Effects of rail-wheel 
parameters on vertical vibrations of vehicles using a vehicle–track-coupled 
model. Transport Problems 14(3), 27-39 

[44] Melnik, R., Koziak, S., Sowiński, B. & Chudzikiewicz, A. (2019) Reliability 
analysis of metro vehicles operating in Poland. Proceedings of the 13th 
International Scientific Conference on Sustainable, Modern and Safe 



A. Lovska et al. Study on the Dynamic Properties of a Long freight Wagon,  
 from a Safety Point of View, when Running on a Track 

‒ 28 ‒ 

Transport, TRANSCOM 2019, High Tatras, Slovakia, 29-31 May, 2019, pp. 
808-814 

[45] Dimitrovova, Z. (2022) Two-layer model of the railway track: analysis of the 
critical velocity and instability of two moving proximate masses. 
International Journal of Mechanical Sciences 217, 1-25 

[46] Melnik, R. & Kostrzewski, M. (2011) Rail vehicle's suspension monitoring 
system - Analysis of results obtained in tests of the prototype. Key 
Engineering Materials 518, 281-288 

[47] Melnik, R. & Sowiński, B. (2017) Analysis of dynamics of a metro vehicle 
model with differential wheelsets. Transport Problems 12(3), 113-124 

[48] Jóvér, V., Gáspár, L., Fischer, S. (2022) Investigation of tramway line No. 1, 
in Budapest, based on dynamic measurements. Acta Polytechnica Hungarica 
19(3), 65-76 

[49] UIC CODE: 518 OR Testing and approval of railway vehicles from the point 
of view of their dynamic behaviour - Safety - Track fatigue - Running 
behaviour. 4th ed. 2009 

[50] Pagaimo, J., Magalhaes, H., Costa, J. N. & Ambrosio, J. (2022) Derailment 
study of railway cargo vehicles using a response surface methodology. 
Vehicle System Dynamics 60(1), 309-334 

[51] Dimitrovová, Z. (2024) Semianalytical Approaches in Moving Load 
Problems Applied on a Three-Layer Railway Track Model. Lecture Notes in 
Mechanical Engineering, 381-389 

[52] EN 14363: Railway applications. Testing for the acceptance of running 
characteristics of railway vehicles. Testing of running behaviour and 
stationary. European Standard. 2005 

[53] Santelia, M., Mazzeo, F., Di Gialleonardo, E., Melzi, S. & Bruni, S. (2024) 
A multibody non-linear model of the post-derailment dynamics of a railway 
vehicle. Vehicle System Dynamics 62(7), 1848-1817 


	1 Introduction
	2 Literature Review
	3 The Main Tasks of this Research
	4 A Description of a Created Computational Model
	4.1 A Multibody Model of a Bogie
	4.2 A Model of a Long Freight Wagon
	4.3 A Model of the Railway Track Sections

	5 Results of Simulation Computations
	6 Findings and Discussion

