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In order to reduce the cost of designing and manufacturing of the new-generation open wagons, it is proposed to construct their carrying 
systems from round pipes. In order to exploit the proposed designs of wagons in international rail-water communication, it is assumed that they 
will be equipped with assemblies for fastening of chain binders. The maximal values of accelerations, as components of dynamic load acting 
on open wagons, made from round pipes during their transportation on a railway ferry, are determined. It is established that when moving 
the body in the vertical direction for a wagon located on the upper deck, the maximum acceleration value is 0.84 g, with angular displacement 
relative to the transverse axis for the extreme from the anchor point of the wagon body - is 0.1 g, with angular displacement around the longi-
tudinal axis for the extreme from the bulwark of the body of the wagon - is 0.24 g. The conducted researches will enable increased efficiency 
of operation of open wagons through international transport corridors.
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It should be noted that the finite element model of the open 
wagon, presented in [6] did not take into account the possibility 
of applying the loads acting on it through means of fastening, 
relative to the decks of the railway ferries. Recommendations 
on use of the software for assessing the performance of railway 
transport facilities are given in [7]. Due to the fact that, when 
using of modern methods for strength analysis, there is no 
recommendation on the required degree of discretization of 
certain objects’ zones, development of the new methods for 
calculation and results analysis is proposed.

Investigations on the optimization of bodies of open wagons 
are given in [8]. The corrected analysis of the stressed state and 
the structural and parametric optimization of the side walls and 
frames of the wagons were made in his work. A modified plate-
rod model is proposed for calculation of the stresses in the body.

It is important to note that in the calculation schemes of 
wagon bodies author did not take into account the efforts that will 
act on the body during its carriage on railway ferries.

Promising ways to improve the technical and economic 
indexes of freight wagons and the direction to improve their 
dynamic properties by introducing elastic damping elements are 
considered in [9]. The study of the strength of improved structures 
of the freight wagons bodies, during their transportation on a 
railway ferry, is not carried out.

Measures to improve the bearing structure of the open 
car body in order to ensure the reliability of its attachment on 
the deck of the railway ferry are given in [10]. The results of 
the strength calculations of the body, taking into account its 
fixing against the deck on the proposed structural units at the 

1.  Introduction

The increased rates of cargo transportation across the territory 
of Ukraine, which is a link of the more important transport 
corridors between Europe and Asia, call for introduction of the 
new designs of wagons, with improved technical and operational 
parameters. It is known that one of the most demanded types of 
cars is an open wagon. In order to increase the efficiency of the 
open wagon operation and reduce the cost of their production, it 
is necessary to find new alternative solutions for their design while 
ensuring the conditions of durability and operational reliability 
[1-4].

2.  Analysis of recent research

The research work of the Omsk State Technical University 
(Omsk) is devoted to the study of the strength of the open 
wagons’ bodies, made of aluminium alloys, taking into account the 
physical nonlinearity of the material. In this case, a generalized 
method of forces [5] is used. However, attention was not paid to 
determination of stresses in the elements of the body of an open 
wagon, during its transportation on a railway ferry.

The question of the possibility of the service life extension 
of an open car in operation is considered [6]. The method of 
technical diagnostics of open wagons is developed, based on 
which it is proposed to determine the final service life of open 
wagons based on calculations of strength, stability and remaining 
life.
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the open car body, taking into account the operational wearing of 
structural elements.

Features of creation of a promising concept of a coupling 
gear of open cars are given in [17]. To substantiate the use of the 
proposed concept, mathematical and computer modeling of the 
loading of the open car body during a shunting was carried out.

The task of determining the strength factors of the car body 
elements during its transportation on the railway ferry is not set 
in these works. 

The purpose of the article is explanation of features of the 
stability factors definition of an open wagon body bearing 
structure, made from of pipes, during its transportation on a 
railway ferry.

3.  The main content 

In order to reduce the material capacity of the bearing 
structures of the open wagon bodies, providing the conditions of 
strength and operational reliability, it is suggested and scientifically 
based use of round pipes as elements of their bearing systems.

For the possibility of transportation of an open wagon on 
a railway ferry, it is proposed to install components for fastening 
of chain ties on its centre pin bolster (Figure 1) [10].

In order to determine the dynamic load that acts on the 
carrying structure of the open wagon body when being transported 
on a railway ferry, the mathematical model, presented in [18], is 
used. The model takes into account the movement of the wagon 
in the main types of fluctuations of the railway ferry - translational 
movement relative to the vertical axis (1), angular displacement 
around the transverse axis (2), angular displacement around the 
longitudinal axis (3):

;D q q F tzz1 1$ $ $K K+ =l p o o ^ h  (1)

;I q L q p h L F t2 2 22 2$ $ $ $ $K K+ = +{ { {lp o oa ^k h  (2)

balancing of the railway ferry, have been made. It was concluded 
that the proposed solutions are feasible. There is no research on 
optimizing the performance of the carrying structure of the open 
wagon in operation.

The research of dynamics of a railway wagon with an open 
loading platform is given in [11]. The calculation is carried out 
in the software MSC Adams. Investigation of stability against the 
swinging over the wagon was carried out when it is entered into a 
curve with a radius of 250 m, taking into account different speeds 
of motion.

The issue of the rolling stock design, for the transportation 
of heavy goods is considered in [12]. Research of dynamics and 
durability was carried out with the help of modern softwares 
ProMechanica and CosmosWorks. When designing the carrying 
structure of the conveyor, a study on the possibility of its build 
from various types of materials was conducted.

The structural features of the wagon for intermodal 
transportation are discussed in [13]. The wagon has an undersized 
middle part and the presence of the carriage assembly makes it 
possible to load/unload the vehicle on/off by its own weight.

The results of studies to determine the nature and extent of 
impact of different freight bogies on the strength of the carrying 
systems of wagons are considered in [14]. The question of 
determining the parameters of the bearing structures of wagons 
bodies’ durability, during their transportation on railway ferries, 
was not investigated in the considered works.

The features of theoretical and experimental studies on 
implementation of the bond joint of the back-frame of wagon for 
pellet transportation are considered in [15]. The obtained results 
confirm the constructive efficiency of the bond joint of the back-
frame of wagons for pellet transportation during the established 
fifteen-year service life.

The rationale for extending the service life of open wagons 
that have exhausted their standard service life is carried out in 
[16]. To determine the dynamic loading of the open car body 
during a shunting, a mathematical model was made, the results 
of which were taken into account in the study of the strength of 

A (1:10)

Figure 1 The open wagon of an improved design with assemblies for railroad decks
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and moves with it. The impact of sea waves on the body of a 
railway ferry, with wagons placed on its deck, was not taken into 
account.

The input parameters of the mathematical model 
are: geometrical characteristics of the railway ferry, hydro-
meteorological characteristics of the navigation waters, 
coordinates of the placement of wagon bodies on the decks of 
the railway ferry.

The research for the transportation of wagons on the ferry 
“Heroes of Shipka” in the Black Sea area was conducted.

To solve the differential equations of the body of the wagon, a 
calculation program was compiled in the medium of the Mathcad 
package [19-20], for which they were reduced to the normal form 
of the Cauchy and then integrated into the Runge-Kutta method.

The numerical values of the maximum accelerations, acting 
on the body of wagons located relative to the decks of the railway 
ferry, were as follows: when moving the body in the vertical 
direction for the wagon, placed on the upper deck - 0.84 g, with 
the angular displacement relative to the transverse axis for the 
extreme from the anchors of the body of the wagon - 0.1 g, with 
angular displacement around the longitudinal axis for the extreme 
from the bulwark body of the wagon - 0.24 g.

The conducted numerical values of accelerations, as 
components of the dynamic load acting on the body of the wagon 

;I q q p h F tB B
2 2 23 3$ $ $ $ $K K+ = +i i ilp o oa ^k h   (3)

where , ,q z q q1 2 3{ i= = =  are generalized coordinates 
corresponding to: 
z - the displacement of the body relative to the vertical axis 

passing through its center of gravity, 
φ - the angular displacement around the transverse axis, 
θ -  the angular displacement around the longitudinal axis. 

The origin of the coordinate system is located at the center of 
gravity of the railway ferry; 
Dl  - massive water repression, 

L, B -  respectively, the length and width of the railway ferry, 
h -  the height of the board of the railway ferry, 
Λ

i
 - coefficient of resistance fluctuations, 

p′ - wind load, 
,I I{ i  - a moment of inertia of the railway ferry with cars placed 

on decks with pitching and rolling, respectively, 

F(t) - the law of a force variation that disturbs the movement 
of a railway ferry with the bodies of cars located on its decks.

The diagrams of movements of the wagon body fixed to the 
deck of the railway ferry are shown in Figure 2.

When compiling the mathematical model it is taken into 
account that the wagon body is rigidly fixed relative to the deck 

       
1)                                                                                                               2)

3)
Figure 2 Movement of the body of the wagon with fluctuations in the railway ferry: 1 - in the vertical direction; 2 - around the transverse axis;  

3 - around the longitudinal axis
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The model of the open wagon body strength at angular 
displacements relative to the longitudinal axis (case of the 
greatest loading of the bearing structure) takes into account 
the following loads: vertical static load Pvst  wind load Pv  
discharge of bulk cargo F

B
 (coal) Pf  (Figure 5). As a result of 

the spatial arrangement of the chain tie, the force Pf , which 
will be transmitted to the bearing structure of the body of the 
open wagon by means of it, was decomposed into components. 
The real areas of applying loads to the assemblies of fastening of 
chain ties were modeled by setting of special elements - mending 
plates, the configuration of which is identical to the geometry of 
the contact zone of the hook interaction. It enabled simulating the 
fastening of the body of the open wagon relative to the deck with 
a maximum approximation.

The fastening of the model was carried out in the zones of 
supporting of the body of the open wagon on the bogies, as well 
as the supporting surfaces of mechanical stop-jacks.

when transported on a railway ferry, are taken into account in its 
strength analysis. The strength test was conducted using the finite 
element method in the CosmosWorks software.

Finite element model of the body of the open wagon is given 
in Figures 3, 4. Due to the fact that the hatch covers are not tightly 
attached to the body frame, but hingedly and perform the function 
of the elements transmitting the load on the rigidly connected 
elements of the frame, they were not taken into account in the 
strength model.

When creating a finite element model, isoparametric tetrahedra 
were used, the optimal number of which was determined by the 
graph-analytical method. The number of elements of the grid was 
717728, the number of nodes 227767, the maximum dimension 
of the element 85 mm, the minimum dimension 17 mm, the 
maximum aspect ratio of the elements was 985.34, the percentage 
of elements with a ratio of sides less than 3 was - 31.7, with a ratio 
of sides more than 10 was 11.2.

Figure 3 Finite-element model of the body of the open wagon

Figure 4 Fragment of the finite-element model of the open wagon body 
in the zone of placement of the unit for fastening the chain tie Figure 5 Model of the body of the open wagon strength

Table 1 Strength factors of the bearing structure of the open wagon body during its transportation on the railway ferry

Strength indicator
Movement type

Moving relative to the vertical 
axis

Angles relative to the transverse 
axis

Angles relative to the 
longitudinal axis

Stresses, MPa 208.3 227.5 293.1

Moving in construction knots, mm 9.76 9.97 15.6

Equivalent deformation 2.25·10-3 2.2·10-3 2.5·10-3
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Figure 6 The stressed state of the bearing structure of the open wagon body at angular displacements relative to the longitudinal axis

Figure 7 The stressed state of the bearing structure of the open wagon body in the zone of placement of the unit for fastening the chain binder

Figure 8 Moving in the nodes of the bearing structure of the open wagon
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communication, it is assumed that stacking of assemblies for 
fastening of chain binders is provided for them;

2.  Maximum values of acceleration as the components of 
dynamic load, acting on open wagons, made of round pipes, 
during its transportation on a railway ferry are determined. 
It is established that when the displacement of the body in 
the vertical direction for a wagon located on the upper deck, 
the maximum acceleration value is 0.84 g, when angular 
displacement relative to the transverse axis for the extreme 
from the anchor point of the wagon body - is 0.1 g, when 
angular displacement around the longitudinal axis for the 
extreme from the bulwark of the body of the wagon - is 0.24 g;

3.  The results of the strength analysis of the carrying structure 
of the open wagon body during its transportation on the 
railway ferry made it possible to conclude that the maximum 
equivalent stresses arise at the angular movements of the 
railway ferry, relative to the longitudinal axis and make up 
about 260 MPa, that is, they do not exceed the permissible 
ones;

4.  The conducted research will enable an increase of the open 
wagons operation efficiency through international transport 
corridors.

The results of the calculation are shown in Figures 6 - 8. From 
the conducted studies it can be concluded that the maximum 
equivalent stresses arise in the middle part of the frame and make 
up about 260 MPa, that is, they do not exceed the permissible 
values [21]. Maximum displacements arise in the middle part of 
the side wall of the body of the open wagon from its slope at the 
roll and amount to 15.6 mm.

It is important to note that the maximum equivalent stresses 
of the body of the open wagon, bearing elements of which are 
made of round pipes, are almost 7% lower than in the typical 
construction [10].

The results of the strength analysis of other schemes of 
displacements of the open wagon body are given in Table 1.

4. Conclusions

1.  To reduce the cost of design and manufacturing of the new 
generation of the open wagon bodies, it is proposed to design 
their carrying systems from round pipes. In order to exploit 
the proposed designs of wagons in international rail-water 
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