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Abstract: Modern trends in the movement of freight rail cars are associated with improved technical and economic movement of rolling
stock. GSKBV (Mariupol, Ukraine) in collaboration with the branch institutes of Ukraine and the Ukrainian Railways are developing
promising models of freight cars. One of these cars is a thermos car. The technical solutions used made it possible to create a thermos car
with improved technical and economic capabilities. The obtained scientific and technical groundwork for the creation of this car allows us to
carry out further work on the creation on the basis of the presented design - a car with an autonomous cooling system.
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1.Introduction

Modern trends in the development of cargo transportation by rail
are associated with an increase in the technical and economic
characteristics of rolling stock. Therefore, the direction of research
is relevant, which involves the improvement of the designs of
freight cars.There are several ways to solve this scientific and
technical problem [1],[2]. One of these ways is the creation of
innovative designs of freight cars. This implies the use of more
durable materials and advanced engineering technologies, which
allows us to create designs of freight cars with better quality
characteristics.

2. Problem discussion

The deterioration of rolling stock is currently one of the acute
problems of the railways of Ukraine. The wear and tear of the fleet
of freight cars intended for the carriage of perishable goods and
other goods requiring compliance with the temperature regime
during their transportation is no exception. In addition, enterprises
that previously produced isothermal rolling stock ceased to exist, or
ceased to produce rolling stock of this type.

3. Objective and research methodologies

GSKBV (Mariupol, Ukraine) in collaboration with the branch
institutes of Ukraine and the Ukrainian Railways are developing
promising models of freight cars. One of these cars is a thermos car
model 16-1807-04 (Fig. 1). In this car, steels of increased strength
are used, which made it possible to create a structure with a
relatively low ratio of the car's tare weight and carrying capacity
(tare ratio). In addition, a number of technical solutions were used
in the car design, which made it possible to maximally break the
cold bridges and obtain a car design with a lower heat transfer
coefficient of the body guard. The design of the car allows
extensive use of mechanization and automation of technological
processes in its manufacture. The same applies to the main layer of
thermal insulation material applied in the body structure, applied by
spraying (Fig. 2). Bogies with bilinear spring suspension, polymer
linings in friction units were used as running parts, which made it
possible to improve the dynamics of the car, remove the impact on
the track and increase the turnaround time and service life in
general for this type of cars from 22 to 32 years [3], [4].[5]. A
number of technical solutions used in this car are protected by the
patents of Ukraine and the Russian Federation.
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Fig.1. Thermos car model 16-1807-04
The car was created using modern design tools and assessment of
the stress-strain state. At the same time, the key point was a
preliminary assessment of the thermal properties of the body.
The calculation is based on the determination of the total heat
transfer coefficient of the body guard [6]. The heat transfer
coefficient of individual zones of the fence is determined as for a
multilayer wall by the formula:
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where: §; and A;- are the thickness and thermal conductivity of the
i-th element;

ag - heat transfer coefficient from product to metal
sheathing;

oy - heat transfer coefficient from metal sheathing to outside
air.
The average heat transfer coefficient of the body guard is
determined by the formula:
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where: K; - heat transfer coefficientof the i-th element;

F; - surface areaof the i-th element.
As a result, in order to improve the accuracy of the calculation, the
body structure was divided into 18 zones (elements), different in
their heat-conducting characteristics.
At the same time, the overall heat transfer coefficient of the body
guard was 0.25 W/(m?K). At the same time, thermal engineering
tests of a full-scale sample showed an exact coincidence with the
results of theoretical studies.
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Fig.2. Car frame (a) and Car body (b) spray-applied insulation

The assessment of the structural strength of the car body was
carried out by the finite element method. For this, its design model
was used, created in the program of three-dimensional parametric
modeling SolidWorks, which is an approximate representation of a
real structure. The calculation was performed using the ANSYS
software package. As an example, Fig. 3 shows the result of
calculating the strength of the end wall and frame of a car upon
impact.

Fig.3. Stress-strain statebody elements in the design mode impact.

The key task in the creation of the car was to confirm the declared
service life of the car - 32 years. For this, a theoretical and
experimental assessment of the fatigue strength of the car body was
carried out. According to the calculation performed, on the basis of
the obtained stresses from the action on the structure of the car of
the vertical (from the load and its own weight) and longitudinal
tensile and compressive forces. Taking into account the effective
body vibration frequency of 2.6 Hz, car frame deflection in the
middle part (Fig.4.) 5.0 mm and the statistical distribution of the
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amplitudes of the longitudinal forces for one year, the minimum
fatigue safety factor for the service life of a carriage of 32 years was
2.1 with its allowable value according to the accepted assessment
method of 1.8.

When conducting fatigue tests, to create vertical vibrations of the
body, pneumatic pulsators were used (Fig. 5, a) installed in the
cantilever part of the car, one on each side. In this case, the friction
wedges of the spring suspension of the bogies were dismantled. The
vertical load was created by loading the body with sandbags (Fig. 4,

Fig.4. Car tests to determine the fatigue safety factor

The overall size of the car allows this car to be operated along the
entire 1520 mm rail network and along the main and a number of
other railways - members of the Organization for Cooperation
between Railways (OSJD) with a gauge of 1435 mm used for
international traffic.

According to the Unified Tariff Statistical Nomenclature of cargo,
this car can carry almost 500 different types of cargo. Currently,
more than one hundred cars of this model are in operation. n
comparison with analogues, this car allowed to increase the
transportation time for perishable goods from 3-6 to 10 days.

Some of them have already undergone scheduled repairs. At the
same time, there were no complaints from the car owners. Taking
into account the high (more than 90%) deterioration of the fleet of
isothermal cars, the presented model, in terms of its technical and
economic parameters, is one of the most promising models for
replacing cars of this type retired due to the end of their service life.

4. Conclusion

The technical solutions used made it possible to create a thermos
car with improved technical and economic parameters. The car
allows you to transport a wide range of perishable food cargo in the
required temperature range for a longer distance.
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Thus, the problem of creating a car with improved technical and
economic parameters that meets the needs of the freight transport
market has been solved.

The obtained scientific and technical groundwork for the creation of
this car allows further work to be carried out on the basis of the
presented design - a car with an autonomous cooling system, which
will further expand the capabilities of carriers.
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