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Abstract
To increase the efficiency of using railway transport, the possibility of using new designs of bogies, for example, Y25 under 

«wide gauge» wagons was considered. In order to substantiate the proposed solution, mathematical modeling of the dynamic loading 
of the hopper wagon Y25 bogies was carried out. A hopper wagon for the transportation of pellets and hot sinter model 20-9749 built 
by the State Enterprise «Ukrspetsvagon» (Ukraine) was chosen as a prototype. The simulation results showed that the use of Y25 bo-
gies for hopper wagons allows to reduce the acceleration of its load-bearing structure, in comparison with the use of conventional 
18100 bogies, by 36 %. Other performance indicators are also significantly improved.

The use of Y25 bogies for hopper wagons with actual parameters allows to reduce the acceleration of its load-bearing struc-
ture, in comparison with the use of conventional 18100 bogies, by 28 %.

The determination of the main indicators of the strength of the bearing structure of the hopper wagon Y25 bogie was carried 
out. The calculation was carried out in the SolidWorks Simulation software package (CosmosWorks), (France), which implements 
the finite element method. The calculations showed that the maximum equivalent stresses in the load-bearing structure of a hopper 
wagon with nominal parameters are 17 % lower than the stress acting in the load-bearing structure of a wagon on bogies 18–100 V 
of the load-bearing structure of a hopper wagon with actual parameters, the maximum equivalent stresses are 12 % lower per voltage 
in the load-bearing structure on bogies 18100.

The conducted research will help to reduce the load on the load-bearing structures of hopper wagons in operation, improve 
the dynamics and strength indicators, as well as their service life.
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1. Introduction
The prospects for the technical and economic development of European countries, as well 

as the strengthening of their external relations, determine an increase in the efficiency of the ope-
ration of railway rolling stock, as a leading branch of the transport system. For the competitiveness 
of railway rolling stock at the present stage of development of the transport industry, it is important 
to put into operation a highly efficient innovative rolling stock. At the same time, considerable at-
tention should be paid to its driving performance. It is these indicators that determine the speed of 
delivery of goods, traffic safety, strength and reliability of constituent structures, etc.

In this regard, in order to increase the efficiency of the transportation process, it is necessary 
to put into operation bogies with improved dynamic performance, as an alternative version of the 
18–100 bogies, which has been operated on broad-gauge railways since the 50 s of the last century.

Analysis of modern designs of rolling stock bogies allowed to conclude that one of the most 
promising is the European bogie model Y25 (Fig. 1).

Fig. 1. Y25 bogie model

The load-bearing structure of the bogie is a closed-configuration frame, which is made by 
stamping-welded method. Suspension springs, one-stage, over-axle with a friction wedge vibration 
damper. The bogie frame is supported by double-row cylindrical springs on the bosses of the axle 
box bodies. The body of the axle box is located in the jaw opening and has restrictions on vertical 
movement. The bogie is equipped with permanent contact side sliders.

To improve the dynamic performance of wagons, it is advisable to study their loading when 
using Y25 bogies.

Features of the study of the dynamic loading of a wagon on various types of bogies are de-
scribed in [1]. At the same time, the emphasis is on the advanced designs of LEILA and SUSTRAIL 
bogies. The main indicators of the wagon dynamics were determined.

A comparative study of the dynamic interaction of wheels with rails when using bogies with 
lateral frame cross-braces and a radial subframe bogie is carried out in [2]. It was found that the 
radial bogie of the subframe has the best characteristics of wheel-rail interaction.

It is important to say that the research did not take into account the actual geometric para-
meters of the load-bearing elements of the bogie structures. This can contribute to the occurrence 
of a certain error in the calculations.

Determination of the dynamic and strength characteristics of the new design cargo bogie is 
carried out in [3]. In this case, the cart consists of two auxiliary parts, connected by diagonal rods.

The influence of the components of stiffness and damping of the main and auxiliary sus-
pension of the bogie on the dynamic characteristics of a high-speed train is investigated in [4]. For 
the analysis, a model of a railway bogie was selected on two levels of suspension: symmetric and 
asymmetric configuration.

However, in the studies considered, no attention was paid to determining the influence of 
dyna mic loads acting on the load-bearing structure of the wagon when using the considered bogie 
structures.

The structural analysis of a modified freight wagon was carried out in [5]. The studies were 
carried out by FE methods. The calculation results confirmed the feasibility of the adopted tech-
nical solutions.

The features of modeling a multi-body system of a freight wagon, as well as its dynamic pro-
perties by computational modeling are highlighted in [6]. The research was carried out on Y25 bogie.
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At the same time, the determination of the influence of the Y25 bogie on the dynamic load-
ing of the load-bearing structure of a freight wagon is not carried out in these works.

In works [7, 8], measures are proposed to reduce the dynamic loading of the load-bearing 
structures of wagons during operating conditions. Justification of the proposed solutions was car-
ried out by means of mathematical modeling and confirmed by computer.

However, the authors did not conduct research on the use of bogies with optimal charac-
teristics of spring suspension to reduce the dynamic loading of the load-bearing structures of  
the wagons.

The conducted literature review allows to conclude that the issue of determining the dy-
namic loading of the load-bearing structures of wide-gauge wagons on Y25 bogies has not yet been 
covered. This requires appropriate research in this direction.

The aim of research is to highlight the features of the dynamic loading of the load-bearing 
structure of the hopper wagon on the Y25 bogies. To achieve this aim, the following objectives have 
been identified:

– to carry out mathematical modeling of the dynamic loading of the load-bearing structure 
of a hopper wagon with nominal parameters;

– to carry out mathematical modeling of the dynamic loading of the bearing structure of the 
hopper wagon with the actual parameters;

– to determine the strength indicators of the load-bearing structure of the hopper wagon.

2. Materials and methods
To determine the main indicators of the dynamics of the bearing structure of the hopper 

wagon on the Y25 bogies, mathematical modeling was carried out. In this case, the mathemati-
cal model presented in [9] was used. Attention was given to the accepted vibrations of the bogie 
load-bearing structure in the vertical plane – bouncing vibrations, as one of the most common 
types of bogie vibrations in operation.

It was taken into account that the wagon is moving in an empty state, since in this case 
its most dynamic load is observed when moving with butt inequality. The track was considered  
as elastic-viscous. Path reactions were proportional to both its deformation and the rate of this de-
formation. The design scheme is shown in Fig. 2.

Fig. 2. Design scheme of the wagon

The equations of motion of the design model are as follows:
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where M1, M2 – respectively, the mass and moment of inertia of the load-bearing structure of the 
hopper wagon during vibrations of bouncing and galloping; M3, M4 – respectively, the mass and 
moment of inertia of the first bogie in the direction of movement during vibrations of jumping and 
galloping; M5, M6 – respectively, the mass and moment of inertia of the second bogie in the direc-
tion of movement during vibrations of jumping and galloping; Cij – characteristic of the elasticity 
of the vibrating system elements; Bi – scattering function; а – half of the bogie base; qi – genera-
lized coordinates corresponding to translational displacement about the vertical axis and angular 
displacement around the vertical axis; ki – rigidity of the spring suspension; βi – damping factor; 
FFR – force of absolute friction in the spring set.

The input parameters of the model are the technical characteristics of the bogie load-bearing 
structure, spring suspension of bogies, as well as the disturbing action (rail inequality). The hopper 
wagon model 20-9749 was chosen as the examined one (Fig. 3). For a comparative analysis, calcu-
lations were also carried out relative to a wagon on 18–100 bogies.

To determine the masses and moments of inertia of the load-bearing structure of the hopper 
wagon, its spatial model was built in the SolidWorks software package (Fig. 4).

At the same time, the mass of the load-bearing structure of the hopper wagon with no-
minal dimensions was 15.6 tons, and the moment of inertia was 242.3 t⋅m2. The weight of the 
load-bearing structure of the hopper wagon with actual dimensions was 14.1 t, and the mo-
ment of inertia was 219.8 t⋅m2. So the percentage of weight reduction compared to the prototype  
wagon was 9.3 %.

To solve differential equations (1)–(6), they were reduced to the Cauchy normal form. After 
that, they are integrated by the Runge-Kutta method [10–12].
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Fig. 3. The hopper wagon model 20-9749

Fig. 4. Spatial model of the load-bearing structure of a hopper wagon

3. Results of modeling the loading of the load-bearing structure of a hopper wagon
3. 1. Results of mathematical modeling of dynamic loading of the load-bearing struc-

ture of a hopper wagon with nominal parameters
Based on the calculations, the main indicators of the dynamics of the hopper wagon on 

18–100 and Y25 bogies were determined. In this case, the initial displacements and speeds are 
taken to be zero.

The acceleration acting on the load-bearing structure of the hopper wagon at the center of 
mass is shown in Fig. 5.

Fig. 5. Acceleration of the load-bearing structure of the hopper wagon in the center of mass:  
a – 18–100; b – Y25

Other indicators of the dynamics of the hopper wagon were determined by the mathematical 
model (1)–(6) (Table 1). The calculation was carried out at a wagon speed of 80 km/h.
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Table 1
Dynamic indicators of a hopper wagon that moves in an empty state

Indicator
Bogie type

18–100 Y25

Body acceleration, m/s2 3.1 1.98

Body acceleration in the area of support on bogies, m/s2 4.8 2.7

Force in the spring suspension of the bogie, kN 38.3 23.98

First bogie dynamic coefficient 0.49 0.31

The results allow to conclude that the dynamics indicators are within acceptable limits. The 
movement of the bogie is assessed as «excellent» [13–15]. A comparative analysis of the obtained 
indicators of the dynamics of the hopper wagon is shown in Fig. 6.

Fig. 6. Comparative analysis of indicators of the dynamics of the hopper wagon  
on 18–100 and Y25 bogies

The use of Y25 bogies for hopper wagons allows to reduce the acceleration of its load-bear-
ing structure by 36 % in comparison with conventional 18–100 bogies. Other indicators of dyna-
mics are also significantly improved (Fig. 6).

3. 2. Results of mathematical modeling of dynamic loading of the load-bearing struc-
ture of a hopper wagon with actual parameters

According to the mathematical model (1)–(6), the main indicators of the dynamics of the 
load-bearing structure of the hopper wagon with the actual parameters were determined.

The acceleration acting on the load-bearing structure of the hopper wagon at the center of 
mass is shown in Fig. 7.

Fig. 7. Acceleration of the load-bearing structure of the hopper wagon in the center of mass:  
a – 18–100; b – Y25
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Other indicators of the dynamics of the hopper wagon were determined by the mathematical 
model (1)–(6) (Table 2).

The results obtained allow to conclude that the dynamics indicators are within acceptable 
limits. The movement of the bogie is assessed as «excellent» [13–15]. A comparative analysis of the 
obtained indicators of the dynamics of the hopper wagon is shown in Fig. 8, which shows the percent-
age improvement of individual indicators of the wagon dynamics on Y25 bogies compared to 18–100.

Table 2
Dynamic indicators of a hopper wagon that moves in an empty state

Indicator
Bogie type

18–100 Y25
Body acceleration, m/s2 3.2 2.3
Body acceleration in the area of support on bogies, m/s2 7.38 3.66
Force in the spring suspension of the bogie, kN 36.9 26.2
First bogie dynamic coefficient 0.52 0.37

Fig. 8. Comparative analysis of the indicators of the dynamics of the hopper wagon  
on 18–100 and Y25 bogies

The use of Y25 bogies for hopper wagons allows to reduce the acceleration of its load-bear-
ing structure, in comparison with conventional 18–100 bogies, by 28 %. Other indicators of dy-
namics are also significantly improved (Fig. 8).

3. 3. Results of determining the strength indicators of the load-bearing structure of the 
hopper wagon

To determine the main indicators of the strength of the load-bearing structure of the hopper 
wagon, taking into account the use of various types of bogies, a calculation was carried out. In 
this case, the finite element method was used, which is implemented in the SolidWorks Simula-
tion (CosmosWorks) software package [16–19]. When compiling the finite element model, spatial 
tetrahedrons were used [20–24]. To determine the optimal number of elements, the graphic-analyti-
cal method was used [25–27]. The number of grid elements was 374 143, nodes – 125817. The maxi-
mum size of a grid element is 60 mm, the minimum is 12 mm, the maximum aspect ratio of elements  
is 432.78, the percentage of elements with an aspect ratio of less than three is 7.71, more than ten is 32.9.  
The material of the load-bearing structure of the hopper wagon is 09G2S steel. The fixing of the 
model was carried out in the zones of the load-bearing structure on the bogies. The design diagram 
of the hopper wagon is shown in Fig. 9. It is taken into account that the load-bearing structure is 
acted upon by the vertical load Рv, the expansion forces of the bulk cargo Рe. The front stops of the 
automatic coupler are affected by the longitudinal load Pl, which is due to the driving mode [28, 29].
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The calculations showed that the maximum equivalent stresses in the load-bearing structure 
of the hopper wagon with nominal parameters are concentrated in the zone of interaction of the pivot 
girder with the center girder and amount to 182.6 MPa (Fig. 10). The resulting value of stresses is 
17 % lower than the stress acting in the load-bearing structure of the wagon on 18–100 bogies. In 
the bearing structure of the hopper wagon with actual parameters, the maximum equivalent stresses 
were 193.2 MPa, which is 12 % lower in terms of stress in the bearing structure on bogies 18–100.

Fig. 9. Design scheme of a hopper wagon

Fig. 10. Stress state of the load-bearing structure of the hopper wagon

4. Discussion of the research results of the loading of the load-bearing structure of the hopper 
wagon

The main dynamic parameters of the load-bearing structure of the hopper wagon on 18–100  
and Y25 bogies were obtained. The studies were carried out for the load-bearing structure of 
a hopper wagon with nominal and actual parameters.

It was found that the use of Y25 bogies for hopper wagons with nominal parameters makes 
it possible to reduce the acceleration of its load-bearing structure, in comparison with conventional 
bogies 18–100, by 36.1 % (Fig. 6). Relative to the load-bearing structure of the hopper wagon with 
the actual parameters – the acceleration of the load-bearing structure is reduced by 28 % (Fig. 8).

It is important to note that the studies were carried out in a vertical plane. That is, bouncing vi-
brations are considered as one of the most common types of wagon vibrations in operation. The limita-
tion of this model is that bogie slippage relative to the rail track is taken into account when compiling it.

The maximum equivalent stresses in the load-bearing structure of the hopper wagon with 
nominal and actual parameters have been determined. It was found that taking into account the use 
of Y25 bogies, the stresses in the load-bearing structure with nominal parameters are 17 % lower 
than the stress acting on the 18–100 bogies (Fig. 10). In the load-bearing structure of a hopper 
wagon with actual parameters, the maximum equivalent stresses are 12 % lower than the stress in 
the load-bearing structure on 18–100 bogies.

In further studies in this direction, it is necessary to study the longitudinal loading of the 
load-bearing structure of the hopper wagon on the Y25 bogies. It is also expedient to conduct 
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an experimental determination of the dynamic loading of the load-bearing structures of hopper 
wagons. The results can contribute to the creation of recommendations for the creation of modern 
structures of rolling stock, improving the dynamics and strength of the load-bearing structures of 
wagons, traffic safety, safety of goods during transportation, and the like.

5. Conclusions
The dynamic loading of the load-bearing structure of the hopper wagon with nominal pa-

rameters on Y25 bogies was investigated. It was found that the use of Y25 bogies for hopper wa-
gons allows to reduce the acceleration of its load-bearing structure, in comparison with conven-
tional bogies 18–100, by 36 %.

The dynamic loading of the load-bearing structure of the hopper wagon with actual parame-
ters on the Y25 bogies was investigated. In this case, it becomes possible to reduce the acceleration of 
the load-bearing structure of the hopper wagon by 28 % in comparison with the use of 18–100 bogies.

The strength indicators of the load-bearing structure of the hopper wagon on the Y25 bo-
gies were determined. The resulting value of stresses is 17 % lower than the stress acting in the 
load-bearing structure of the wagon on the 18–100 bogies.

In the load-bearing structure of a hopper wagon with actual parameters, the maximum equi-
valent stresses are 12 % lower in terms of the stress in the load-bearing structure on 18–100 bogies.

The research carried out will help to reduce the load on the load-bearing structures of  
wagons in operation, to improve the dynamics and strength indicators, as well as the service life. 
Also, studies have been carried out to improve the efficiency of the operation of railway transport 
and the maintenance of its leadership positions in the transportation market.
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