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1. Introduction

The defining direction of economic development of Euro-
pean countries is primarily the successful functioning of the 
transport industry. Its leading component is railroad transport. 
The modern railroad network of Europe ensures the coordinat-
ed and uninterrupted interaction between all its countries. It is 
important to note that in order to maintain the leadership posi-
tions of railroad transport, it is important to provide the trans-
portation industry with modern highly efficient rolling stock.

It is known that the most popular type of rolling stock 
in the international connection is platform cars. This type of 

wagon is used for the transportation of cargoes that do not 
require protection from precipitation. Mostly in international 
traffic, these cars are used for the transportation of containers 
or tank containers. The main bearing element of the platform 
car is the frame, which is a welded structure.

To improve the efficiency of platform car operation, long-
frame structures that can carry four 20-foot containers at the 
same time have been commonly used. At the same time, such 
structures of platform cars are exposed to significant vertical 
loads due to the pliability of the structure. This causes the 
accumulation of fatigue stresses in the carrying structure and 
may contribute to its damage.
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This paper reports a study into the dynamic load-
ing and strength of an improved carrying structure of 
the platform car. A special feature of the car is the pres-
ence of elastic elements in the main longitudinal beams 
of the frame. This could improve the fatigue strength of 
the carrying structure of the platform car under opera-
tional modes.

Mathematical modeling was carried out to determine 
the dynamic load on the carrying structure of the plat-
form car. The fluctuations of bouncing were taken into 
consideration. It has been established that the vertical 
acceleration of the carrying structure of the platform car 
without cargo is about 2.0 m/s2 (0.2 g). In this case, the 
vertical accelerations that act on the carrying structure 
of the platform car are lower by 15 % as compared to the 
prototype wagon.

The main indicators of strength of the bearing structure 
of the platform car have been determined. The calculation 
was carried out using a method of finite elements employ-
ing the software suite SolidWorks Simulation (France). 
When compiling the estimation scheme, it was taken into 
consideration that the carrying structure of the platform 
car was loaded with four containers the size of 1SS. In this 
case, the maximum equivalent stresses occur in the region 
of interaction between a pivot beam and spreads and  
are 254.0 MPa. That warrants the strength of the carrying 
structure of the platform car.

The numerical values of acceleration of the carrying 
structure of the platform car have been determined, as 
well as the fields of their location, by applying comput-
er simulation.

The fatigue strength and oscillation eigenfrequencies 
in the carrying structure of the platform car have been 
investigated; their designed service time has been esti-
mated.

The reported research would contribute to building 
innovative structures of platform cars, as well as to 
improving the efficiency of combined transportation
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In this regard, it is important to introduce new alterna-
tive solutions aimed at reducing dynamic load and improv-
ing the fatigue strength of the bearing structures of wagons. 
One of the possible options for reducing the dynamic load 
on wagons, in particular long-frame ones, is the use of mul-
tifunctional and multi-material principles in their design. 
These principles have proven efficient in various fields of 
mechanical engineering. However, up to now, they have not 
been widespread when designing railroad cars. Therefore, 
based on the positive experience of employing these princi-
ples, their integration into the railroad industry is relevant. 
This would contribute to building innovative structures of 
wagons with improved technology and economic indicators. 
That could also improve the competitiveness of the railroad 
industry and the efficiency of its operation.

2. Literature review and problem statement

Paper [1] shows the peculiarities of testing the carrying 
structure of the platform car for twisting and bending. The 
research was conducted experimentally. To determine the 
deflection of the carrying structure of the platform car, a 
method of electrical strain measurement was used. However, 
the set of tests reported by the authors does not highlight the 
peculiarities of the calculation of the carrying structure of 
the platform car for fatigue strength. That might contribute 
to a significant error as regards the results.

The structural features of the next-generation freight 
car for intermodal transportation are highlighted in 
work [2]. The spatial model of the bearing structure of the 
platform car was designed using the programming package 
PTC/Creo (USA). The strength calculation employed the 
software ANSYS (USA) and ADAMS/Rail (USA). 

Work [3] considers the structural features of a long-
frame platform car for intermodal transportation. The au-
thors reported the results of calculating the strength and 
dynamic load of the carrying structure of the platform car.

It should be noted that when designing the carrying struc-
tures of platform cars, the authors confined themselves to the 
rated values of loads acting on a wagon during operation. This 
may be because the gross weight of the projected car and the 
dynamic indicators of bogies are similar to the prototype wag-
ons. However, for a more accurate assessment of the indicators 
of dynamics and strength, it is important to take into consid-
eration the actual dynamic load at the stage of car design. 

The modeling of the strength of the carrying structure 
of the platform car for intermodal transportation of various 
vehicles is reported in [4]. In this case, the calculations are 
based on PN-EN standards.

Study [5] addresses the design, analysis, and construction 
of the new-generation rail cars. The study was conducted for 
Indian Railroads. In this case, the authors applied interna-
tional standards for different loading conditions, compliance 
with the optimal dimensions of wagons, etc. However, when 
designing these structures of cars, they did not take into con-
sideration any measures to reduce fatigue strength under the 
operating modes of loading. This can be explained by the fact 
that the values of dynamic loads, underlying the estimated 
standards of countries-manufacturers of these cars, are lower 
than those for cars run on a wide track.

A study into the dynamic load of a car’s bearing structure 
is reported in work [6]. The authors took into consideration 
the case of the use of different types of bogies under cars. They 

analyzed the impact of the technical characteristics of bogies 
on the dynamic performance of the car. At the same time, the 
work did not study the impact of the technical characteristics 
of bogies on the fatigue strength of cars’ carrying elements.

Paper [7] reports the results of modeling the strength 
of the carrying structure of a platform car. The car has a 
relegated middle part of the frame. The girder beam is used 
only in console parts. The calculation for strength involved 
a method of finite elements. The reported results were con-
firmed by experimental studies conducted at the Bulgarian 
National Research Institute. However, the paper does not 
indicate whether the fatigue strength of the load-bearing 
structure of the platform car is improved when taking into 
consideration the proposed technical solutions.

The improved carrying structure of the platform car, in 
order to operate it in the international combined transporta-
tion, is reported in works [8, 9]. Mathematical modeling was 
carried out to determine the refined values of dynamic loads. 
The resulting loads were taken into consideration when 
calculating the strength of the carrying structure of the 
platform car. However, the proposed measures to improve 
the carrying structure of the platform car do not contribute 
to the improvement of its fatigue strength.

The analysis of literary sources [1‒9] allows us to conclude 
that the issue of improving the fatigue strength of long-base 
carrying structures of platform cars by introducing elastic 
elements in them has not been considered before. Therefore, it 
is important to conduct relevant research in this area.

3. The aim and objectives of the study

The aim of this study is to determine the loading on a 
long-frame structure of the platform car with elastic ele-
ments in longitudinal beams. This could make it possible to 
improve the fatigue strength of the long-base carrying struc-
ture of the platform car under the action of cyclical loads.

To accomplish the aim, the following tasks have been set:
– to propose measures to improve the carrying structure of 

the platform car to increase fatigue strength during operation; 
– to investigate the dynamic load on the carrying struc-

ture of the platform car; 
– to investigate the strength of the carrying structure of 

the platform car; 
– to investigate the fatigue strength and the oscillation 

eigenfrequencies of the carrying structure of the platform car.

4. Measures to improve the carrying structure of the 
platform car to increase fatigue strength during operation

To reduce the dynamic load on the bearing structure of 
a platform car and increase fatigue strength under operating 
modes, it is proposed to introduce elastic elements in it. The 
elastic elements are planned to be arranged in the longitudi-
nal beams of the frame acting as its main carrying elements. 
To this end, it is proposed to replace the main longitudinal 
beams of the frame with U-shaped beams (Fig. 1).

Our study was conducted for the platform car of mod-
el 13-4024 made by PAT “KVBZ” (Kremenchuk, Ukraine). 
To this end, we constructed its spatial model in the program-
ming package SolidWorks (Fig. 2).

The cross-section of the main longitudinal beam with 
elastic elements inside is shown in Fig. 3.
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In this case, fitting stops are placed on the horizontal bar 
of the longitudinal beam (Fig. 1, a). We imply the possibility 
of using both stationary and folding fitting stops.

5. Studying the dynamic loading on the carrying structure 
of the platform car

Mathematical modeling was carried out to determine the 
dynamic load on the carrying structure of the platform car 
taking into consideration the proposed measures. The study 

was performed in a flat coordinate system – the XZ plane. 
The estimation scheme of the car is shown in Fig. 4.

In this case, the platform car is considered as a system of 
three solids: the frame and two bogies, model 18–100, with 
spring kits that possess rigidity and a coefficient of relative 
friction. 

It is assumed that the following connections are imposed 
on the system: 

– the movement of the frame and bogies of the platform 
car along the track axis are the same:

q1=q2=q3;

– the wheelsets move without slipping:

ψij=xij/R, (i, j=1, 2),

where R is the wheel radius, 0,475 m; 
– given the lack of elastic elements in the journal suspen-

sion, the bouncing of bogies is determined by the bouncing 
of wheelsets.

It is taken into consideration that the car is moving 
over a viscoelastic track [10]. In this case, it is assumed 
that the reactions of the track are proportional to both its 
deformation and the rate of this deformation. It is taken 
into consideration that the platform car carries no cargo. 
When building motion equations, we did not take into con-
sideration the friction forces that occur between the com-
ponents of the longitudinal beam at vertical fluctuations of 
the platform car. 

The differential equations of the movement of the plat-
form car take the following form:

( ) ( )( )
⋅ + ⋅ + ⋅ + ⋅ =

= − ⋅ δ + δ



 

1 1 1,1 1 1,2 2 1,3 3

1 2sign sign ,TP

M q C q C q C q

F 		 (1)

( ) ( ) ( )
⋅ + ⋅ + ⋅ + ⋅ =

= ⋅ δ + η + η + β η + η

 

  

2 2 2,1 1 2,2 2 2,2 2

1 1 2 1 2sign ,TP

M q C q C q B q

F k    	 (2)

( ) ( ) ( )
⋅ + ⋅ + ⋅ + ⋅ =

= ⋅ δ + η + η + β η + η

 
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3 3 3,1 1 3,3 3 3,3 3

2 3 4 3 4sign ,TP

M q C q C q B q

F k  	 (3)

Fig. 1. Cross-section of the main longitudinal beam of the frame: 
1 – U-shaped profile; 2 – horizontal bar; 3 – elastic element

1 

 2 

 3 

Fig. 2. Spatial model of the improved carrying 
structure of the platform car: a – view from above; 

b – view from below

a

b

Fig. 3. Carrying structure of the platform car with elastic 
elements in the longitudinal beam

Fig. 4. Estimation scheme of the platform car
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where М1 is the mass of the bearing structure of the plat-
form car; 

М2, М3 is the mass, respectively, of the first and second 
bogie in the forward direction; 

Сij is the characteristics of elasticity of the elements of 
the oscillatory system, which are determined by the values 
of the rigidity coefficients of springs kТ ; 

kb is the rigidity of elastic elements in the side beams of 
the frame;  

Bij is the scattering function;  
a is the half of the base of the bogie;  
k is the track stiffness;  
β is the damping coefficient;
FТР is the force of absolute friction in the spring kit;  
δi is the deformation of elastic elements of spring suspension;  
η(t) is the track irregularity.
The body’s connection to the running 

part was described as a sequential elastic 
link:

( )
( ) .b T T

b T T

k k k
С

k k k

⋅ +
=′

+ +
 	 (4)

The input parameters of the model are 
the technical characteristics of the carrying 
structure of the platform car, spring suspen-
sion, perturbing action (Table 1).

The mathematical model was solved in 
the software suite Mathcad (USA) [11, 12]. 
To this end, the model was reduced to the 
normal form by Cauchy and then integrated 
according to the Runge-Kutta method.

Table 1

Input parameters to the mathematical model

Parameter name Value

Carrying structure of the platform car

mass, t 18.0

base half, m 9.25

Bogies

mass, t 4.3

base half, m 0.925

spring suspension rigidity, kN/m 8,000

relative friction coefficient 0.1

Track

damping coefficient, kN∙s/m 200

rigidity, kN/m 100,000

irregularity amplitude, m 0.01

irregularity length, m 25

In this case, the matrix of elastic coefficients takes the 
following form:

2

2 0 ,

0 2

T T T

T T

T T

k k k

С k k k

k k k

− −
= − +

− +
 	 (5)

and the matrix of dissipative coefficients

1

1

0 0 0

0 2 0 .

0 0 2

В = β
β

	 (6)
                     

The initial movements and speeds are taken equal to zero

0

0

0
0 .

0

0

0

Y =  	 (7)

The solution to the model in the Mathcad programming 
suite was determined in the following form

( )0, , , , .Z rkfixed Y tn tk n F=

In this case, 

1 1,y q=  3 3,y q=  5 5,y q=  2 1,y y= 
 4 3,y y= 

 6 5.y y= 

The generalized accelerations were calculated in the 
ddqj,i array:

( ) ( )( )
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1
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M

=
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The results are shown in Fig. 5, 6.
The maximum vertical acceleration of the carrying 

structure of the platform car without cargo is about 2.0 m/s2 
(0.2 g); that of the bogies ‒ about 8.29 m/s2 (0.8 g). Taking 
into consideration the proposed solution, it becomes possible 
to reduce the vertical accelerations that act on the carrying 
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structure of the platform car by 15 % compared to the pro-
totype car. The car movement is rated “excellent” [13, 14].

6. Studying the strength of the carrying structure of the 
platform car

To determine the main indicators of strength of the 
carrying structure of the platform car with elastic elements 
in the longitudinal beams, we performed the calculation. 
In this case, the method of finite elements was applied, 
implemented in the software package SolidWorks Simu-
lation (CosmosWorks), [15, 16]. The finite-element model 
of the carrying structure of the platform car is shown 
in Fig. 7. Spatial tetrahedrons were used as finite elements. 
To determine the optimal number of 
elements, the graphoanalytic meth-
od was used [17, 18]. The number of 
nodes in the model was 364,279; ele-
ments ‒ 1,165,256. The maximum size 
of the element was 30 mm; minimum ‒ 
6 mm. The percentage of elements with 
an aspect ratio of less than three is 87.4, 
exceeding ten – 0.0402. The minimum 
number of elements in the circle was 10, 
the ratio of magnifying the size of the 
elements was 1.8. The carrying struc-
ture’s material was steel, grade 09G2S.

The estimation scheme of the car-
rying structure of the platform car is 
shown in Fig. 8. When compiling the 
estimation scheme, it was taken into 
consideration that the carrying struc-
ture was loaded with four containers 

the size of 1SS. Consequently, in the regions where con-
tainers rest on the carrying structure of the platform car, 
a vertical load .st

vР  was applied. The model was fixed in the 
regions of resting on the running parts.

The results of calculating the strength of the carrying 
structure of the platform car are shown in Fig. 9, 10.

The maximum equivalent stresses occur, in this case, 
in the region of interaction between a pivot beam and the 
spreads, and are 254.0 MPa. The maximum movements 
were registered in the middle part of the longitudinal 

beams; and are equal to 12.6 mm. That is, the strength of the 
carrying structure of the platform car is ensured [13, 14, 19].

In addition, within the framework of this study, we have 
determined the numerical values of accelerations and the 
fields of their distribution relative to the carrying structure 
of the platform car. The calculation was performed in the 
software suite SolidWorks Simulation (CosmosWorks). 
In this case, the study parameters were identical to those 
used in determining the strength indicators of the carrying 
structure of the platform car. The calculation results are 
shown in Fig. 11.

Fig. 5. Acceleration of the carrying structure of the platform car 
in the center of masses
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Fig. 6. Acceleration of the carrying structure of the platform car 
in the regions of resting on the bogies

t, s 

A
cc

el
er

at
io

ns
, m

/s
2  

10.0 

5.0 

0 

– 5.0

– 10.0

Fig. 7. The finite-element model of the carrying structure of 
the platform car

Fig. 8. Estimation scheme of the carrying structure of the 
platform car

Fig. 9. The stressed state of the carrying structure of the platform car
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It has been established that the maximum accelerations 
are concentrated in the middle part of the carrying structure 
of the platform car, and are 2.28 m/s2. In console parts, the 
acceleration amounted to 1.22 m/s2.

7. Studying the fatigue strength and the eigenfrequencies 
of oscillations in the carrying structure of the platform car

Applying the developed estimation scheme (Fig. 8), 
we determined the fatigue of the carrying structure of the 
platform car. In this case, the test base was 107 cycles. The 
fatigue curve was derived on the basis of the 09G2S steel 
elasticity module employing a feature of the SolidWorks 
Simulation (CosmosWorks) software. The study into fatigue 
was carried out on the basis of pre-calculations for static 
strength with the subsequent taking into consideration the 
cyclicity of the load.

Our study has made it possible to determine the most 
loaded zones of the bearing structure of the platform 
car (Fig. 12). These include the regions of interaction be-
tween the pivot beams and spreads, as well as the middle 
parts of the longitudinal beams.

In addition, based on the calculation results, we have deter-
mined an indicator of biaxiality of the bearing structure of the 
platform car (Fig. 13). This indicator characterizes the ratio of 
minimal stress in the carrying structure of the platform car to 
the maximum one [20‒23].

Our calculations have made it possible to 
conclude that the fatigue strength of the carry-
ing structure of the platform car is ensured at 
the predefined test base, because, after applying 
the cyclic load, no damage in it was detected. 
At the same time, the fatigue strength of the 
carrying structure increases by 16 % compared 
to a regular structure, where, following the base 
of 9.22∙107, in accordance with the devised esti-
mation scheme, there are damages in the middle 
parts of the main longitude beams.

To determine the projected service life of 
the platform car, we applied the methodology 
given in [24]:

[ ]( )−σ ⋅
=

⋅ ⋅σ
1 0/

,

m

L
p m

d ad

n N
Т

B f
	 (12)

where σ-1L is the average value of endurance 
limits; n is the permissible strength reserve coef-
ficient; m is the indicator of the degree of fatigue 
curve; N0 is the test base; B is the coefficient 
that characterizes the time of continuous oper-
ation of the object in seconds; fd is the effective 
frequency of dynamic stresses; σad is the ampli-
tude of equivalent dynamic stresses. 

The amplitude of equivalent dynamic 
stresses was determined from the following 
formula

( )σ σσ = σ + ψ / ,ad sw dvk K  	 (13)

where σsw is the stress due to static weight load; 
kdv is the vertical dynamics coefficient; ψσ is the 
sensitivity coefficient; Kσ is the overall coefficient 
of fatigue strength reduction. 

In the calculations, the following input parameters were 
adopted: σ-1L=245 MPa; n=2; m=8; N0=107; B=3.07∙106 sec; 
fd=2.7 Hz; kdv=0.35; ψσ/Kσ=0.2.

Our calculations showed that the projected service 
life of the proposed carrying structure of the platform car 
is 41.9 years. That is, the resulting value of the projected 
service life is higher by 20 % than the service life of the pro-
totype car. It is important to note that the resulting value 
of the projected service life should be refined by taking into 
consideration additional research into the longitudinal load-
ing of the carrying structure of the platform car. 

In addition, within the framework of this study, we 
determined the value of oscillation eigenfrequencies in the 

Fig. 10. Displacements in the nodes of the carrying structure of the platform car
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Fig. 11. The fields of acceleration distribution relative to the carrying 
structure of the platform car
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– 5.398е – 002
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– 6.379е – 001
– 9.299е – 001
– 1.222е + 000

Fig. 12. The most loaded regions of the carrying structure of 
the platform car
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carrying structure of the platform car. The calculation was 
carried out according to the estimation scheme shown in 
Fig. 8. The results of the calculation are shown in Fig. 14.

According to the data illustrated in Fig. 14, we can 
conclude that the values of oscillation eigenfrequencies are 
within acceptable limits since the first oscillation eigenfre-
quency exceeds 8 Hz [13, 14].

8. Discussion of results of determining the loading on 
the long-base structure of the platform car with elastic 

elements in longitudinal beams

To reduce the dynamic load on the bearing structure of 
the long-base platform car, it is proposed to install elastic ele-
ments in it. The elastic elements are planned to be arranged in 
the longitudinal beams of the frame. To this end, it is proposed 
to replace them with beams of the U-shaped profile (Fig. 1).

To justify the proposed solution, mathematical modeling of 
the dynamic load on the bearing structure of the car was car-
ried out. The bounce oscillations were taken into consideration. 
Our study was conducted in a flat coordinate system, in the XZ 
plane (Fig. 4). It was established that the maximum vertical 
acceleration of the carrying structure of the platform car was 
about 2.0 m/s2. That is, taking into consideration the proposed 
solution, it becomes possible to reduce the vertical accelerations 
that act on the carrying structure of the platform car by 15 %.

When building the model, the wheelset slipping relative to 
the rails was not considered. In addition, when constructing 
the model, it was assumed that the movement of the frame and 

bogies of the platform car along the track axis were the same. 
The model takes into consideration that the bouncing of bogies 
is determined by the bouncing of wheelsets. 

The main indicators of strength of the 
bearing structure of the platform car have 
been determined. The maximum equivalent 
stresses occur in the region of interaction 
between the pivot beam and spreads, and are 
254.0 MPa (Fig. 9). The maximum move-
ments occur in the middle part of the lon-
gitudinal beams and are equal to 12.6 mm. 
Consequently, the strength of the carrying 
structure of the platform car is ensured.

Based on the estimation scheme shown 
in Fig. 8, the numerical values of the ac-
celeration of the carrying structure of the 
platform car and the fields of their location 
were determined. 

The fatigue strength of the bearing struc-
ture of the platform car was investigated. 
The results of our calculation showed that 
the fatigue strength of the improved carrying 
structure of the platform car increases by 16 % 
compared to a typical structure.

The limitations of this study relate to the fact that we 
determined the dynamic load and strength of the carrying 
structure of the platform car only in the vertical plane. In 
further studies in this area, it is important to determine the 
dynamic load of the platform car in the spatial coordinate 
system. In addition, it is necessary to take into consideration 
the pliability of the cargo transported. 

At the same time, our study could contribute to building 
modern structures of platform cars with improved technical 
and economic, and operational indicators.

9. Conclusions

1. Measures are proposed to improve the carrying 
structure of the platform car to increase fatigue strength 
during operation. A feature of the proposed solution is 
that the main longitudinal beams in the frame consist 
of U-profiles covered with horizontal sheets. Elastic ele-
ments are placed between the horizontal parts of the pro-
files and sheets. This technical solution would reduce the 
dynamic load on the carrying structure of the platform car 
during operation.

2. Our study of the dynamic load on the carrying struc-
ture of the platform car has shown that the maximum ver-
tical acceleration of the carrying structure of the platform 
car was about 2.0 m/s2 (0.2 g); that of the bogies – about 
8.29 m/s2 (0.8 g). Taking into consideration the proposed 
solution, it becomes possible to reduce the vertical acceler-
ations that act on the carrying structure of the platform car 
by 15 % compared to a typical structure.

3. Studying the strength of the carrying structure of 
the platform car has revealed that the maximum equivalent 
stresses occur in the interaction zone of the pivot beam with 
the spreads, and are 254.0 MPa. The maximum movements 
occur in the middle part of the longitudinal beams and are 
equal to 12.6 mm. That is, the strength of the carrying struc-
ture of the platform car is ensured.

Based on the computer simulation of the dynamic load 
on the carrying structure of the platform car, the numerical 

Fig. 13. Indicator of biaxiality of the bearing structure of the platform car
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Fig. 14. Values of oscillation eigenfrequencies in the carrying 
structure of the platform car
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values of accelerations and the fields of their location relative 
to the carrying structure of the platform car have been de-
termined. The maximum accelerations were detected in the 
middle part of the carrying structure of the platform car, and 
are equal to 2.28 m/s2.

4. Our study into the fatigue strength of the bearing 
structure of the platform car has shown that the fatigue 
strength is ensured at the test base of 107. In this case, the 
fatigue strength of the load-bearing structure increases by 
16 % compared to a standard structure.

The results of calculating the oscillation eigenfrequen-
cies in the carrying structure of the platform car have 

demonstrated that their values are within the permissib- 
le limits.
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