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CHAPTER 4

ESTABLISHING A HIGH-QUALITY TECHNICAL CONDITION AT
THE DESIGN STAGE: PROMISING CONCEPTS OF LOAD-BEARING
COMPONENTS OF CAR STRUCTURES

RBSTRACT

Most often in the practice of creating multifunctional technical means, a combination of ele-
ments that are separate in terms of their functions is used. Its main directions include: connecting
different levels of the constructive hierarchy (modules, nodes, basic elements) of components
without changing their forms and properties, and with mutual coordination of forms and properties;
introducing new principles of functioning to car constructs on the existing element base and on a
new element base; taking into account at the design stage the prerequisites for the constructive
implementation of future innovative design solutions.

Today, the most promising from the point of view of the practical creation of multifunctional
freight car components are the following directions identified and presented in detail in the article:
elastic-dissipative, non-rigid articulated and multi-material. It was the solution of such a scientific
and applied task that became the aim of the research, the results of which are presented in this
section of the monograph.

To achieve the aim, the following scientific and applied objectives were identified and solved:
analysis of information sources that highlight the issues of the prospects for the development of
non-load-bearing components of freight car structures; development of a mathematical description
of the procedure for creating car components with a useful pre-stressed and/or deformed state;
development of theoretical aspects of creating useful pre-stressed and/or deformed non-load-bear-
ing components of car structures; development of a promising useful pre-stressed and/or deformed
concept of a covered hopper car for transporting cement and a pellet car, a platform car from
leaf springs, a hopper car for transporting grain from leaf springs, a hopper car for transporting
mineral fertilizers from leaf springs, a hollow-bottomed gondola car made of leaf springs, a universal
covered car with racks with damping properties, a universal hopper car for transporting grain with
racks with damping properties; development of a promising concept of a railway tank car with
supports in the form of leaf and disc springs; development of a promising articulated concept of a
4-axle dump car, a hopper car for transporting grain and mineral fertilizers, a universal platform
car, a universal covered car, a hollow-bottomed gondola, a railway tank; development of a promising
multi-material concept of a covered car and a railway tank; development of a promising railway
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tank with a multi-material concept of supports; systematization of the obtained developments and
formulation of general conclusions.

The presented directions for creating multifunctional compaonents of freight cars will allow to
obtain positive results in their manufacture and operation. Such positive results include: increas-
ing the life cycle of the studied means, reducing their material consumption and increasing the
load-bearing capacity, improving maintainability, increasing crack resistance, reducing/completely
eliminating stresses of different signs.

KEYWORDS

Transport mechanics, railway transport, cars, load-bearing systems, promising structures.

The results of the analysis of world and national trends in the development of means of trans-
port have shown that a promising direction for improving their structures is the implementation
of innovative principles of functioning into the components. The corresponding trends are defined
in various levels of transport development strategies and programs. Of particular importance in
this regard is the resolution of relevant issues for the load-bearing systems of means of transport.
Among means of railway transport, in the development of this direction, special attention should
be paid to freight cars, the structures of which mainly represent general load-bearing mecha-
nical systems.

The aim of the publication is to highlight the obtained scientific and practical developments in
the creation of promising concepts of load-bearing component structures of freight cars.

To achieve the aim, a number of the following scientific and technical objectives were identified
and solved:

1) analysis of information sources that highlight the issues of the prospects for the develop-
ment of non-load-bearing components of freight car structures;

2) development of a mathematical description of the procedure for creating car components
with a useful pre-stressed and/or deformed state;

3) creation of theoretical aspects of creating useful pre-stressed and/or deformed non-load-
bearing components of car structures;

4) development of a promising useful pre-stressed and/or deformed concept of a covered
hopper car for transporting cement;

9) development of a promising useful pre-stressed and/or deformed concept of a pellet car;

6) development of a promising elastic-dissipative concept of a platform car made of leaf springs;

7) development of a promising elastic-dissipative concept of a hopper car for transporting grain
with leaf springs;

8) development of a promising elastic-dissipative concept of a hopper car for transporting
mineral fertilizers with leaf springs;
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9) development of a promising elastic-dissipative concept of a hollow-bottomed gondola car
with leaf springs;

10) development of a promising elastic-dissipative concept of a universal covered car with
racks with damping properties;

11) development of a promising elastic-dissipative concept of a universal hopper car for trans-
porting grain with racks with damping properties;

12) development of a promising concept of a railway tank with supports in the form of
leaf springs;

13) development of a promising concept of a railway tank with supports in the form of
disc springs;

14) development of a promising articulated concept of a 4-axle dump car;

15) development of a promising articulated concept of a hopper car for transporting grain;

16) development of a promising articulated concept of a hopper car for transporting mineral
fertilizers;

17) development of a promising articulated concept of a universal platform car;

18) development of a promising articulated concept of a universal covered car;

19) development of a promising articulated concept of a hollow-bottomed gondola car;

20) development of a promising articulated concept of a railway tank;

21) development of a promising multi-material concept of a covered car;

22) development of a promising multi-material concept of a railway tank;

23) development of a promising railway tank with a multi-material concept of supports;

24) systematization of the obtained developments and formulation of general conclusions.

41 ANALYSIS OF INFORMATION SOURCES THAT HIGHLIGHT THE ISSUES OF THE PROSPECTS FOR
THE DEVELOPMENT OF NON-LOAD-BEARING COMPONENT STRUCTURES OF FREIGHT CARS

The search for information sources was aimed at finding works that are devoted to highlighting
the developments and results of research on the creation of promising concepts of non-load-bear-
ing component structures of transport engineering.

Works [1-4] present the prospects for the development of freight car structures determined
by the authors. At the same time, the need to apply the latest achievements in materials science
is identified as the main areas of development.

Research [5-9] is aimed at finding scientific and practical solutions to improve transport pro-
cesses. And as one of the key aspects, the need to update transport fleets with new generation
models is highlighted, which requires the creation of appropriate scientific and practical tools.

Works [10-13] present the scientific results of theoretical and practical developments on
the prospects for the development of machine-building structures. The importance of scientists
and engineers paying attention to the problems of structural and material innovative solutions is
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separately highlighted, which is certainly connected with the deployment of design works of mate-
rials science and architectural and structural search.

In articles [14-16], the authors presented scientific results on the optimization of processes
occurring in the power module of a vehicle. At the same time, the main attention was paid to
increasing energy efficiency.

In scientific works [17-201], damage to cars at the final stages of the life cycle (corrosion,
accident, impacts) was considered. The feasibility of deploying scientific research and development
work to reduce and correct operational deformations was determined.

Scientific research highlights a new approach to improving energy transfer processes between
various components of vehicles. However, not enough attention has been paid to the redistribution
of stresses.

In works [24-26], the results of experimental studies of subway rolling stock are presented.
The main attention is paid to energy efficiency. However, the force interaction of the corresponding
modules and blocks has not been studied.

Summarizing the above, it can be noted that in all the above scientific works, the features
of determining promising concepts of load-bearing component structures have not been studied.

4.2 MATHEMATICAL DESCRIPTION OF THE PROCEDURE FOR CREATING CAR COMPONENTS WITH
A USEFUL PRE-STRESSED AND/OR DEFORMED STATE

This section focuses on the author’s hypothesis about the feasibility of introducing pre-
stressed and/or deformed load-bearing elements into the design of freight cars. Pre-stressing
and/or deformation of structures should be understood as various methods of artificially regulating
stresses (manipulating the stressed-deformed state) in structures to increase their efficiency.

Intervention in the natural operation of an object to directional change its potential deformation
energy can occur at different stages of the life cycle: during manufacturing, during repairs, during
operation or modernization and at different levels: structural elements or assemblies, modules and
the system as a whole.

The criteria for the effectiveness of applying prestressing in metal structures can be both
economic requirements for reducing the mass and cost of objects, and technological (increasing ri-
gidity, preserving the shape of load-bearing structural elements, changing dynamic characteristics,
increasing crack resistance and reducing fatigue strength, etc.). In this regard, metal structures
have wider possibilities for applying prestressing and/or deformation than reinforced concrete and
reinforced concrete structures, where this technique has developed primarily as a means of com-
bating low strength of concrete during tension.

Generalizing the universal mathematical record of the procedure for implementing a useful
prestressed and/or deformed state in the components of railcar structures, it is necessary to take
into account the following requirements:
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1) systematically consider economic efficiency at the stages of the freight car life cycle;

2) as the main criterion for the implementation of the useful prestressed and/or deformed
state, the total vector of the useful prestressed and/or deformed state is used, which in magnitude
and direction is directed towards counteracting the total vector of operational loads;

3) the mathematical model must include an objective function (OF), which is a vector for finding
(searching for) the optimal design option from the region of admissible solution area (ASA) selected
from the possible solution area (PSA).

Due to the fact that the application of a mathematical notation (model) must effectively op-
erate as an implementation of the prestressed and/or deformed state, or their combinations, it
is necessary to create sufficient prerequisites for describing the corresponding states, namely,
for example, the dependences of various deflections and bends, internal and external mechanical
stresses on thermal or mechanical effects.

As noted above, the main criterion for creating a useful prestressed and/or deformed state is
the total vector of the useful prestressed and/or deformed state, which in magnitude and direction
is directed towards counteracting the total vector of operational loads:

ZFUPSDS ()7) N _Z FOPER. 4.1
where ) 5% ()7) — where the total vector of the useful pre-stressed and/or deformed state;

> FP —the total vector of operational loads.

In this case, the total vector of the useful pre-stressed and/or deformed state is a function of
the scalar sum of the vectors of stresses and deformation of the component. That is, the possible
solution area (PSA) is formed by the fields of possible changes in the factors of the implementation
of the corresponding methods for creating a pre-stressed and/or deformed state:

Ya <Ya <Ya: Ya <Ya<Ya Ya <>a<Sa;
PSA={Y|Y b < <Sh b <Y <Yb" b <Yb<Yh} (42)

ae[ts|ibe[1k]

where z;:m < Zg < ZETEX; ZE_JTH < zgy < ZETEX; zgm < Za'_z < ZQTHX; ae[ts] -
the specified variable parameters: the magnitude and direction of the useful prestresses;

ZETW < Zb_x < ZETEX; ZETW < ZEy < ZETBX;ZETW < ZEZ < ZETHX;b e[ k] —the spe-
cified variable parameters: the magnitude and direction of the useful prestresses.
The admissible solution area (ASA) in which the desired solution is located, is separated from the

possible solution area (PSA) by the functional requirements and constraints of the secondary criteria:

Y e ASA € PSA. 4.3)
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Previous studies have shown that the above criteria and their corresponding limitations for
freight cars should be considered taking into account technical, economic and operational limita-
tions. The above criteria and limitations for freight cars should be considered the following techni-
cal, economic and operational characteristics:

M — tare weight of the car, which must be within the specified design limitations;

P; — load capacity, which must be within the specified design limitations;

V¢ — full (loading) volume of the body, which must be within the specified design limitations
(in particular, taking into account the dimensions and features of the cargo to be transported);

P." — running load, which must be within the specified design limitations and is determined by
the formula:

M, +F,

P ==t (4.4)

coup.

where Ly, — coupling length of the car, m;

Cs — characteristics of the chassis module (for example: flexibility and static deflection of the
spring suspension, design speed, etc.), within the specified design limitations established by the NTD;

f; — structural rigidity, which must be no less than the specified allowable valug;

nf — structural stability, which must be no less than the specified allowable valug;

ng — fatigue strength of the structure, which must be no less than the specified allowable value;

B, — maximum costs for the production of the component, which must be within the speci-
fied limitations;

E.— energy consumption of the absorhing device, which must be within the specified de-
sign limitations;

T, — characteristics of the brake equipment module (for example: calculated brake pressure
coefficient, pressure loss in the brake line per unit of time, etc.), which must be within the specified
design limitations;

op, — strength according to the first design mode according to the car design standards, the
value of which should not exceed the permissible;

op — strength according to the second design mode according to the car design standards,
the value of which should not exceed the permissible;

op — strength according to the third design mode according to the car design standards, the
value of which should not exceed the permissible;

op” — impact strength according to the car design standards, the value of which should not
exceed the permissible;

P, — calculated static load from the wheelset on the rails, which should not exceed the permis-
sible value established by the regulatory and technical documentation.

It is possible to take into account other functional requirements and restrictions of the cor-
responding secondary criteria, which are added depending on the design features of the studied
car model.
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Then the admissible solution area (ASA) will take the following form:
min < MC <
P <P <Pl <Gy <Gy [F < [, ]<nfs [n]<n®;

Bmm < BC < Bmax; min < EC < E Tmin < TD < Tmax;

|:G :| <o [0 :| <oy |:G ]S og; [cf’"”] < 02’.""; [PD] <P¢ . (4.5)
Ya <Ya<Sa:Ya <Na<Ya  Ya <Sa<Sa;

—max

b <Yh <Yh b <Yh <Yb Yh <Y b <Y b

ae[ 1is [ibe[ 1k ]

P <P<P V.

max’ * min max’ " min

<V, <V

max*

max’

I

ASA =

The highlighted approach to creating a generalizing universal mathematical notation of the
procedure for implementing a useful prestressed and/or deformed state in the components of car
structures and the results of its implementation can be used in solving other similar problems.

4.3 THEORETICAL ASPECTS OF CREATING USEFUL PRESTRESSED AND/OR DEFORMED
LOAD-BEARING COMPONENTS OF CAR STRUCTURES

One of the main scientific and technical tasks, the results of which directly affect the efficiency
of the freight car fleet, is the development of new or modernization of existing models of freight
cars in order to reduce their material consumption. At the same time, a promising method for
reducing the material consumption (with a corresponding increase in load capacity) of freight cars
is the search and implementation of structural excess safety margins, by providing their component
elements with optimal structural forms and their execution from materials with directional proper-
ties while meeting the conditions of strength and operational reliability. In addition, the results of
the analysis of the impact of operational factors on the structures of the load-bearing systems of
freight cars showed that one of the main types of damage to their elements is cracks.

As the positive experience of other industries related to the manufacture of metal structures
shows, one of the promising directions for solving both of the above scientific and technical prob-
lems is the use of useful pre-stressed and/or deformed multifunctional structures in the load-bear-
ing systems of mechanical engineering. However, consideration of the current scientific and tech-
nical background on the profile of the issues studied showed the lack of meaningful information on
the creation of relevant theoretical aspects of solving such a problem for freight cars.

The main purpose of considering and applying the specified approach is to increase the life
cycle of railway rolling stock, reduce their material consumption and increase load capacity,
improve maintainability, increase crack resistance, reduce/completely eliminate stresses of dif-
ferent signs.
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According to the current and prospective regulatory documentation, when calculating all types
of cars, two main calculation modes are established: | and lll [1-4].

According to the | calculation mode (rare combination of extreme loads), the permissible stress-
es are selected close to the yield point of the material used, taking into account the nature of the
load action and the properties of the material (from 0.85 to 1.1 of the minimum vyield point &,)
in order to prevent the appearance of residual deformations and destruction of the elements and
parts of the car.

According to the Il calculation mode (frequent combination of moderate operational loads), the
permissible stresses are selected based on the endurance limit of the material at a level of from
0.5 5, t0 0.65 o, in order to prevent fatigue destruction of the assembly or part.

General rules for calculating the bearing capacity of railcar structures provide:

— calculation of body elements shall be performed according to permissible stresses and a
margin of stability;

— calculation of individual frame elements shall be performed according to permissible stresses
and a margin of fatigue resistance.

The basic parameters in the calculation and design of freight cars of all types are:

1) permissible stresses, the value of which, taking into account the margin factors, is deter-
mined by the yield strength of the material (c,). The margin factor for rolled metal is 0.9-0.95,
depending on the operating conditions. The value of the yield strength, as well as other indicators
of the mechanical properties of the material;

2) a margin of stability, the value of which, among other things, is determined by the yield
strength of the material ().

The useful prestressing of structures is understood as various methods of directed artificial
regulation of stresses (control of the stressed-deformed state) in structures to increase their
efficiency in perceiving loads at the stages of the life cycle. In this case, intervention in the natural
operation of the object for a directed change in its potential deformation energy can occur at
different stages of the life cycle: during manufacturing, during installation, during operation or
reconstruction and at different levels. For example, for freight cars: in modules, components,
assemblies or basic elements.

The main task of introducing a pre-stressed and/or deformed state is to reduce the magnitude
of stresses and/or deformations in the structural components of freight cars by using one or a
combination of methods for their creation:

1. Compression of individual stretched, compressed and bent hollow/solid closed/unclos-
ed profiles and entire elements (beams, frames) with various types of tightening from high-
strength materials.

2. Preliminary elastic bending of individual elements with subsequent fixation (or welding) of
them in a bent state into a whole structural element (beam).

3. Pre-stretching of entire structures or their individual parts in order to increase the elastic
work area of the material.
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4. Pre-tensioning of individual included flexible rods (cables, wire bundles, reinforcement) in
order to perceive compressive forces by them.

9. Temporary loading during the manufacturing and installation of individual elements of struc-
tures or the entire structure with or without subsequent fixation, of the structure under load for
rational distribution of forces and increasing its rigidity and stability.

6. Creation of pre-stress in rolled profiles by rolling pre-tensioned high-strength wire into them
(for example, when creating flexible car joints).

7. Pre-heating/cooling of individual parts in order to increase/decrease their geometric dimen-
sions). An example of an application for freight cars is preheating, which can be used to prevent
the formation of cracks and/or to provide the required mechanical properties, for example, impact
strength. Preheating can be performed in a furnace or using heating burners, electric plate radia-
tors or induction or radiant heaters.

Next, it is necessary to analyze the load application schemes (Fig. 4.1) in accordance with
the regulatory framework, which must be taken into account when assessing the strength of the
elements of the car bodies according to the modes.

The criteria for the effectiveness of the use of useful prestressing and/or deformation in metal
structures can be both economic requirements for reducing material consumption and the cost of
objects, and structural and technological (increasing rigidity, preserving the shape of load-bear-
ing structural elements after the influence of technologically determined factors (for example,
welding), improving dynamic characteristics, etc.). In this regard, metal structures have broader
opportunities and greater prospects for the use of prestressing than reinforced concrete and
steel-reinforced concrete, where this technique has developed primarily as a means of combating
the low strength of concrete during tension.

In all cases, additional labor is required to regulate internal forces in structures and there
remains the possibility of loss or restructuring of the induced background of internal stresses
over time due to the development of long-term processes in materials and joints. Therefore, the
introduction of rational methods of stress-strain state management into the practice of creating
modern railway engineering structures requires the development of appropriate theoretical provi-
sions, methodological foundations and practical tools for each structural form.

The goals of creating useful prestressed and/or deformed multifunctional structures:

1) saving metal and resources in the structures being constructed due to a more favorable
distribution of external forces, increasing the area of elastic work;

2) increasing the bearing capacity of structures that are at the stage of operation or recon-
struction due to increased loads;

3) reducing the deformability of the entire structure or its individual elements, reducing the
frequency or amplitude of oscillations;

4) increasing the stability of individual elements or the entire structure as a whale;

9) increasing the endurance of individual elements under cyclic loads by improving the cycle
characteristics;
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O Fig. 4.1 Expanded scheme of applying loads to car structures in various design cases of the life cycle:
a — longitudinal quasi-static compression force; b — longitudinal quasi-static tensile force; ¢ — vertical
force due to eccentricity between the axles of the auto couplers; d — transverse forces in curves under
guasi-static compression; e — transverse forces in curves under quasi-static tensile force; f — vertical
load from the mass of the cargo and its own mass; g — abligue symmetrical loading (for cars with a base
of more than 16 m); h — hitting the auto-coupler; i — spurt; j — expansion (pressure) forces of loose and
bulk cargo; k — pressure forces of liquids and gases and water hammer forces in tank boilers, reservoirs,
tanks; / — forces for creating a deformed state (vertical bending) during assembly and welding work

!
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B6) favorable change in some properties of the structure (dynamic characteristics under dy-
namic and seismic influences, aerodynamic characteristics under wind influences, increased resis-
tance to temperature loads (for example, frost resistance);

7) ensuring in some cases ease of installation, and in this regard, a reduction in labor costs;

8) counteracting the occurrence of negative residual deformations from technological factors.
For example, in freight car construction, preliminary deflection of the fixed overall structure when
applying large welds: welding an I-beam to welded Z-shaped profiles of the backbone beam of gon-
dolas, assembly structures of the upper gondolas’ straps, etc.

The same goals can be achieved by other methods (increasing the area or changing the type of
cross-section, the method of connecting elements, etc.) that are more materially expensive. Pre-
liminary useful stress and/or deformation is advisable if the effect obtained from it fully pays off the
additional costs. The choice of the final design option should be made on the basis of a feasibility study.

44 APROMISING USEFUL PRESTRESSED AND/OR DEFORMED CONCEPT OF A COVERED
HOPPER CAR FOR CEMENT TRANSPORTATION

A promising useful prestressed and/or deformed concept of a covered hopper car for cement
transportation relates to car construction and can be used for railway transportation of bulk and
bulk cargoes that require protection from precipitation, in particular cement.

O Fig. 4.2 Cross-section of a half-pipe with cables tensioned in the middle

The concept is based on the task of improving the design of the main elements of the frame and
body modules, based on the execution of the backbone, end, pivot, middle intermediate beams of
the frame module, the strapping of the upper and vertical side wall racks, the strapping of the up-
per, side racks and intermediate end walls from half-pipes (Fig. 4.2) with cables stretched (usefully
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pre-tensioned) in their middles, the backbone beam (Fig. 4.3), the frames (Fig. 4.4) of the side and
end (Fig. 4.5) walls are curved parabolically (usefully pre-tensioned) curved into the middle of the
body, while meeting the conditions of strength and operational reliability, which will allow reducing
its material consumption and wear of non-bearing elements, and as a result, reducing the cost of
manufacturing and operating the covered hopper car for cement transportation.

Parabola-shaped longitudinal axis curved into the middle of the body

e — = = — e — |
L J”

O Fig. 4.3 Side view of a useful pre-deformed backbone beam of a covered hopper car concept
for transporting cement

Parabola-shaped longitudinal axis curved into the middle of the body

O Fig. 4.4 Top view of a useful pre-deformed side wall of a covered hopper car concept for
transporting cement and pellet car

O Fig. 4.5 Top view of a useful pre-deformed end wall of a covered hopper car concept for
transporting cement and pellet car

4.5 PROMISING USEFUL PRESTRESSED AND/OR DEFORMED PELLET CAR CONCEPT

Promising useful prestressed and/or deformed pellet car concept relates to railcar construc-
tion and can be used for rail transportation of hot pellets and sinter with temperatures up to
700 °C from the production site to the receiving hoppers of the blast furnace.

The concept is based on the task of improving the railway gondola-hopper car for hot pellets and
sinter by improving the design of the main elements of the frame and body modules, based on the
execution of the backbone, end, pivat, middle intermediate beams of the frame module, the strapping
of the upper and uprights of the vertical side walls, the strapping of the upper, uprights of the side
and intermediate end walls from half-pipes (Fig. 4.2) with cables stretched (usefully pre-tensioned)
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in their middles, the backbone beam (Fig. 4.3), the frames (Fig. 4.4) of the side and end (Fig. 4.5)
walls are curved parabolically (usefully pre-tensioned) into the middle of the body, while meeting the
conditions of strength and operational reliability, which will allow reducing its material consumption
and wear of load-bearing elements, and as a result, reducing the cost of manufacturing and operation.

4.6 PROMISING ELASTIC-DISSIPATIVE CONCEPT OF A PLATFORM CAR MADE OF LEAF SPRINGS

The promising elastic-dissipative concept of a platform car made of leaf springs relates to car
construction and can be used for railway transportation of wheeled and tracked vehicles, piece
goods, forest and long-length goods, box-packed goods, containers and other goods that do not
require protection from atmospheric precipitation.

The concept is based on the task of improving the platform car by making the middle part of
the backbone beam (Fig. 4.6), transverse and end beams in the form of leaf springs (Fig. 4.7).

Intermediate beams

Pivot beam

End beam

O Fig. 4.6 Concept of a leaf spring platform car frame

~==T

O Fig. 4.7 Cross-section of the concept of transverse beams of a leaf spring frame
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The introduction of new features in interaction with known ones ensures the absorption of vibration
and impact energy, which, as a result, improves the dynamics and strength of the platform car, reduces
material consumption, accordingly increases load capacity and increases the service life of the car.

47 PROMISING ELASTIC-DISSIPATIVE CONCEPT OF A HOPPER CAR FOR TRANSPORTING GRAIN
FROM LEAF SPRINGS

The promising elastic-dissipative concept of a hopper car for transporting grain from leaf
springs relates to railcar construction and can be used for freight rail transportation of bulk cargo
that requires protection from precipitation, in particular grain.

Middle intermediate beams

Pivat beam
End beam

O Fig. 4.8 Concept of a frame of a hopper car for transporting grain from leaf springs
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O Fig. 4.9 Concept of an end wall of a hopper car for transporting grain from leaf springs
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The concept is based on the task of improving a hopper car for transporting grain by making
the middle part of the backbone beam (Fig. 4.8), end beams, middle intermediate beams and
vertical racks of the side walls and intermediate racks of the end walls (Fig. 4.9) in the form of
leaf springs.

The introduction of new features in interaction with known ones ensures the absorption of
vibration energy, which, as a result, improves the dynamics and strength of the hopper car for
transporting grain, provides a reduction in material consumption and, accordingly, increases the
load capacity and extends the service life of the car.

4.8 PROMISING ELASTIC-DISSIPATIVE CONCEPT OF A HOPPER CAR FOR TRANSPORTING
MINERAL FERTILIZERS FROM LEAF SPRINGS

The promising elastic-dissipative concept of a hopper car for transporting mineral fertilizers
from leaf springs relates to railcar construction and can be used for freight rail transportation of
bulk cargo that requires protection from precipitation, in particular mineral fertilizers.

The concept is based on the task of improving a hopper car for transporting mineral fertilizers
by making the middle part of the backbone beam (Fig. 4.10), end beams, middle intermediate beam
and vertical racks of the side walls and intermediate racks of the end walls (Fig. 4.11) in the form
of leaf springs. The introduction of new features in interaction with known ones ensures the ab-
sorption of vibration energy, which, as a result, improves the dynamics and strength of the hopper
car for transporting mineral fertilizers, reduces material consumption and, accordingly, increases
the load capacity and extends the service life of the car.

Middle intermediate beams

Pivat beam
End beam

O Fig. 4.10 Hopper car frame concept for transporting mineral fertilizers from leaf springs —
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O Fig. 4.11 Hopper car end wall concept for transporting mineral fertilizers from leaf springs —_—

4.9 PROMISING ELASTIC-DISSIPATIVE CONCEPT OF A HOLLOW-BOTTOMED GONDOLA
WITH LEAF SPRINGS

The promising elastic-dissipative concept of a hollow-bottomed gondola with leaf springs re-
lates to car construction and can be used for railway transportation of bulk and bulk cargo that
does not require protection from precipitation.

The concept is based on the task of improving the hollow-bottomed gondola by making the
middle part of the backbone beam (Fig. 4.12), intermediate beams, vertical side wall uprights and
horizontal end wall belts (Fig. 4.13) in the form of leaf springs.
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Intermediate beams

Pivat beam
End beam

O Fig. 4.12 Leaf spring gondola frame concept
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==

O Fig. 4.13 Leaf spring gondola body concept

The introduction of new features in interaction with known ones ensures the absorption of
vibration energy, which, as a result, improves the dynamics and strength of the hollow-hottom
gondola, reduces material consumption, accordingly increases load capacity and increases the
service life of the car.

410 PROMISING ELASTIC-DISSIPATIVE CONCEPT OF A UNIVERSAL COVERED CAR WITH RACKS
WITH DAMPING PROPERTIES

The promising elastic-dissipative concept of a universal covered car with racks with damping
properties relates to car construction and can be used for freight rail transportation of goods that
require protection from precipitation.

The concept is based on the task of improving the technical and economic indicators of a
universal covered car by making parts of the body module in a stamped manner, namely, making
the side walls and intermediate racks of the side walls solid, in a stamped manner, with additional
stiffening edges (Fig. 4.14); making the end walls and end racks solid, in a stamped manner, with
additional stiffening edges; making the roof of the car solid in a stamped manner with additional
stiffening edges.

The introduction of new features in interaction with known ones ensures the appearance of
damping of the body module design, which implements in it the principle of adaptive perception of
operational loads in the loaded or unloaded states, which, as a result, improves the dynamics and
strength indicators of the universal covered car, reduces the mass of material for the manufacture
of the universal covered car, simplifies the technological process of manufacturing the universal
covered car, increases the load capacity, and its service life.
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O Fig. 4.14 Cross-section of a stamped rack with damping properties

411 PROMISING ELASTIC-DISSIPATIVE CONCEPT OF A UNIVERSAL HOPPER CAR FOR
TRANSPORTING GRAIN WITH RACKS WITH DAMPING PROPERTIES

The promising elastic-dissipative concept of a universal hopper car for transporting grain with
racks with damping properties relates to railcar construction and can be used for freight rail trans-
portation of bulk cargo that requires protection from precipitation, in particular grain.

The concept is based on the task of improving the technical and economic indicators of the
grain hopper car by making parts of the body module stamped, namely, making the side walls and
intermediate racks of the side walls solid, stamped, with additional stiffening edges (Fig. 4.14);
making the end walls and end racks solid, stamped, with additional stiffening edges; making the
roof of the car solid, stamped, with additional stiffening edges. The introduction of new features
in interaction with the known ones ensures the appearance of damping of the body module design,
which implements the principle of adaptive perception of operational loads in the loaded or unloaded
states, which, as a result, improves the dynamics and strength of the grain hopper car, reduces
the mass of material for manufacturing the grain hopper car, simplifies the technological process of
manufacturing the grain hopper car, increases the carrying capacity, and its service life.

412 PROMISING CONCEPT OF A RAILWAY TANK WITH SUPPORTS IN THE FORM OF
LEAF SPRINGS

The concept is based on the task of improving a railway tank by replacing the supports located
between the boiler and the frame with leaf springs that absorb vibration energy, which, as a result,
improves the dynamics of the railway tank.

The task is achieved by the fact that in a railway tank, which contains bogies, a frame, braking
equipment, automatic coupling devices, a hoiler, fastening the boiler to the frame and boiler sup-
ports on the frame, according to the concept, the boiler supports on the frame are made in the
form of leaf springs (Fig. 4.15).
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Leaf spring

O Fig. 4.15 Concept of a railway tank with supports of the bailer on the frame in the form of leaf springs ~ —

413 PROMISING CONCEPT OF A RAILWAY TANK WITH SUPPORTS IN THE FORM OF
DISC SPRINGS

The concept of a railway tank with supports in the form of disc springs belongs to railway
transport, namely railway tanks and can be used for the transportation of liquid cargo.

The concept is based on the task of improving the railway tank by replacing the supports lo-
cated between the boiler and the frame with disc springs that absorb vibration energy, which, as a
result, improves the dynamics of the railway tank.

The task is achieved by the fact that in a railway tank containing bogies, a frame, braking equip-
ment, automatic coupling devices, a boiler, fastening of the boiler to the frame and boiler supports
on the frame, according to the concept, the boiler supports on the frame are made in the form of
disc springs (Fig. 4.16).

Disc spring

O Fig. 4.16 Concept of a railway tank with supports in the form of disc springs
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414 PROMISING ARTICULATED CONCEPT OF A 4-AXLE DUMP CAR

The promising articulated concept of a 4-axle dump car refers to railcar construction and can
be used for rail freight transportation of bulk cargo that does not require protection from precipi-
tation and mechanical unloading.

The concept is based on the task of improving the dump car by having articulated elements
in its design instead of existing fixed elements (solid beams, welded joints), namely the presence
of an articulated element in the middle part of the backbone beam (Fig. 4.17), the presence of
articulated elements (Fig. 4.18) at the points of joint of the backbone beam with: buffer walls,
pivot and cylinder beams. The introduction of new features in interaction with known ones provides
the appearance of additional degrees of freedom of the design and implements in it the principle
of adaptive perception of operational loads in the loaded or unloaded states, which, as a result,
improves the dynamics and strength of the dump car, ensures a reduction in material consumption
and, accordingly, increases the load-bearing capacity and extends the service life of the dump car.

O Fig. 4.17 Multifunctional articulated concept of the frame of a 4-axle dump car

A | B |

O Fig. 4.18 Concept of articulated joint of beams of the frame of a 4-axle dump car

415 PROMISING ARTICULATED CONCEPT OF AHOPPER CAR FOR GRAIN TRANSPORTATION

The promising articulated concept of a hopper car for grain transportation relates to car
construction and can be used for rail freight transportation of bulk cargoes that require protection
from precipitation, in particular grain.
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The concept is based on the task of improving the hopper car for transporting grain by using ar-
ticulated elements in its design instead of existing fixed elements (solid beams, welded joints), namely,
installing a articulated element in the middle part of the backbone beam (Fig. 4.19), installing articulated
elements (Fig. 4.20) at the joints of the end beams, pivot beams and middle intermediate beams.

O Fig. 4.19 Multifunctional articulated concept of the frame of a hopper car for grain transportation  —

O Fig. 4.20 Concept of articulated joint of beams of the frame of a hopper car for grain transportation

The introduction of new features in interaction with known ones provides the appearance of
additional degrees of freedom of the structure and implements in it the principle of adaptive percep-
tion of operational loads in the loaded or unloaded states, which, as a result, improves the dynamics
and strength of the hopper car for grain transportation, provides a reduction in material consump-
tion and, accordingly, increases the load-bearing capacity and increases the service life of the car.

416 PROMISING ARTICULATED CONCEPT OF A HOPPER CAR FOR TRANSPORTING
MINERAL FERTILIZERS

The concept is based on the task of improving a hopper car for transporting mineral fertil-
izers by using articulated elements in its design instead of existing fixed elements (solid beams,
welded joints), namely, installing an articulated element in the middle part of the backbone
beam (Fig. 4.21), installing articulated elements at the joints of the end beams, pivot beams and
the central intermediate beam.
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O Fig. 4.21 Multifunctional articulated concept of a hopper car frame for transporting mineral fertilizers —

The introduction of new features in interaction with known ones provides the appearance of
additional degrees of freedom of the design and implements in it the principle of adaptive perception
of operational loads in the loaded or unloaded states, which, as a result, improves the dynamics
and strength of the hopper car for transporting mineral fertilizers, provides a reduction in material
consumption and, accordingly, increases the load capacity and increases the service life of the car.

417 PROMISING ARTICULATED CONCEPT OF A UNIVERSAL PLATFORM CAR

The promising articulated concept of a universal platform car refers to car construction and can
be used for railway transportation of wheeled and tracked vehicles, long-sized, piece, forest and oth-
er cargo, containers and equipment that does not require protection from atmospheric influences.

The concept is based on the task of improving the universal platform car by using articulated
elements in its design instead of existing fixed elements (solid beams, welded joints), namely,
installing a articulated element in the middle part of the backbone beam (Fig. 4.22), installing
articulated elements at the joints of the end beams, pivot beams and main cross beams.

O Fig. 4.22 Multifunctional articulated concept of the frame of a universal platform car
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The introduction of new features in interaction with known ones provides the appearance
of additional degrees of freedom of the structure and implements in it the principle of adaptive
perception of operational loads in the loaded or unloaded states, which, as a result, improves the
dynamics and strength of the universal platform car, provides a reduction in material consumption
and, accordingly, increases the load capacity and increases the service life of the car.

418 PROMISING ARTICULATED CONCEPT OF A UNIVERSAL COVERED CAR

The utility model relates to car construction and can be used for freight railway transportation
of goods that require protection from atmospheric precipitation.

The concept is based on the task of improving a universal covered car by using articulated
elements in its design (Fig. 4.23, 4.24) instead of existing fixed elements (solid beams, welded
joints), namely the presence of a articulated element in the middle part of the backbone beam, the
presence of articulated elements at the joints of the end beams, pivot beams and main beams, the
presence of articulated elements at the joints of the side wall uprights with the lower skin and at
the joints of the roof with the side wall uprights.

The introduction of new features in interaction with the known ones ensures the emergence
of additional degrees of freedom of the structure and implements in it the principle of adaptive
perception of operational loads in the loaded or unloaded states, which, as a result, improves the
dynamics and strength indicators of the universal covered car, provides a reduction in material
consumption and, accordingly, increases the load capacity and increases the service life of the car.

O Fig. 4.23 Multifunctional articulated concept of a universal covered car body
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7N

Articulated joints

i L

O Fig. 4.24 Cross-section of the multifunctional articulated concept of the body of a universal covered car -

413 PROMISING ARTICULATED CONCEPT OF A HOLLOW-BOTTOMED GONDOLA

The concept is based on the task of improving the hollow-bottomed gondola by using articulated
elements in its design (Fig. 4.25-4.27) instead of existing fixed elements (solid beams, welded
joints), namely, installing a articulated element in the middle part of the backbone beam; installation
of articulated elements at the points of joint of the backbone beam with: end, pivot and intermediate
beams; installation of articulated elements at the points of joint of end, pivot and intermediate beams
with side walls; installation of articulated elements at the points of joint of vertical side wall uprights
with upper strapping.

Articulated joint in a ridge heam

Intermediate beams

Pivot beam

End beam
O Fig. 4.25 Multifunctional articulated concept of a hollow-bottomed gondola frame
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The introduction of new features in interaction with known ones provides the appearance of
additional degrees of freedom of the structure and implements in it the principle of adaptive per-
ception of operational loads in loaded or unloaded states, which, as a result, improves the dynamics
and strength of the hollow-bottomed gondola, provides a reduction in material consumption and,
accordingly, increases the load-bearing capacity and increases the service life of the car.

Articulated joints

O Fig. 4.26 Cross-section of a multifunctional articulated concept of a hollow-hattomed
gondola body

Articulated joints
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O Fig. 4.27 Multifunctional articulated concept of a hollow-bottomed gondola body
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420 PROMISING ARTICULATED RAILWAY TANK CONCEPT

The promising articulated railway tank concept belongs to railway transport, namely railway
tanks and can be used for the transportation of liquid cargo.

The concept is based on the task of improving the railway tank for the transportation of liquid
cargo by using articulated elements in its design (Fig. 4.28) instead of existing fixed elements (solid
beams, welded joints), namely, installing the articulated element in the middle part of the backbone
beam, installing articulated elements at the joints of the end and pivot beams.

Articulated joints

O Fig. 4.28 Multifunctional articulated concept of a railway tank frame

The introduction of new features in interaction with known ones provides the appearance
of additional degrees of freedom of the structure and implements in it the principle of adaptive
perception of operational loads in the loaded or unloaded states, which, as a result, improves the
dynamics and strength of the railway tank for the transportation of liquid cargo, provides a reduc-
tion in material consumption and, accordingly, increases the load capacity and increases the service
life of the railway tank for liquid cargo.

421 PROMISING MULTI-MATERIAL CONCEPT OF A COVERED CAR

The promising multi-material concept of a covered car (Fig. 4.29) refers to car construction
and can be used for railway transportation and is intended for the transportation of a wide range of
piece, grain and other cargo that requires protection from atmospheric influences.

The concept is based on the task of improving the covered car to increase the efficiency of
its use, namely: reducing material consumption, increasing the load capacity and loading volume of
the body, and reducing the corrosion wear of the body module (Fig. 4.30), by improving its design,
based on the execution of the body module as a solid composite material and cross-sectional
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configurations of equal resistance to the actions of the total corresponding operational loads, while
meeting the conditions of strength and operational reliability.

; 9 Q, i T N} {0)

O Fig. 4.29 Multi-material concept of a covered car

O Fig. 4.30 Multi-material concept of a covered car body

The introduction of new features in interaction with known ones ensures a reduction in material
consumption, an increase in the load capacity and loading volume of the body, an increase in the
corrosion resistance of the body module and, as a result of all the above, a reduction in the cost of
manufacturing and operating a covered car.

422 RAPROMISING MULTI-MATERIAL CONCEPT OF A RAILWAY TANK CAR

A promising multi-material concept of a railway tank car (Fig. 4.31) belongs to railway trans-
port, namely railway tanks and can be used for the transportation of liquid cargo.
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The concept is based on the task of improving a railway tank car for transporting liquid cargo,
namely: reducing material capacity, increasing the load capacity and loading volume of the body,
and reducing the corrosion wear of the body module (Fig. 4.32), by improving its design, based on
the continuous execution of the boiler from composite material and cross-sectional configurations
of equal resistance to the effects of the total corresponding operational loads, while meeting the
conditions of strength and operational reliability.

Fig. 4.31 Multi-material concept of a railway tank

Fig. 4.32 Multi-material concept of a railway tank boiler

The introduction of new features in interaction with known ones ensures a reduction in material
consumption, an increase in the load capacity and loading volume of the body, an increase in the
corrosion resistance of the body module and, as a result of all the above, a decrease in the cost of
manufacturing and operating a railway tank for transporting liquid cargo.
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423 APROMISING RAILWAY TANK WITH A MULTI-MATERIAL CONCEPT OF SUPPORTS

A promising railway tank with a multi-material concept of supports belongs to railway trans-
port, namely railway tanks and can be used for transporting liquid cargo.

The concept is based on the task of improving the railway tank by replacing the supports lo-
cated between the boiler and the frame with rubber-metal elements that absorb vibration energy,
which, as a result, improves the dynamics of the railway tank.

The task is achieved by the fact that in a railway tank car, which contains bogies, a frame,
braking equipment, automatic coupling devices, a boiler, fastening of the boiler to the frame and
supports of the boiler on the frame, according to the concept, the supports of the boiler on the
frame are made in the form of rubber-metal elements (Fig. 4.33).

Rubber-metal element

O Fig. 4.33 Cross-section of a railway tank with a multi-material support concept

CONCLUSIONS

1. The creation and development of multifunctional components of freight cars is a promising
direction for improving their designs. Today, there are a significant number of ways to create
multifunctional components of freight cars. In general, among them it is possible to distinguish:
a combination of elements that are separate in terms of their functions; transformation of a func-
tional element or functional grouping of elements; identification and implementation of additional
functions on the same resource base; identification and implementation of additional functions on
a new resource base.

2. Most often in the practice of creating multifunctional technical means, a combination of ele-
ments that are separate in terms of their functions is used. Its main directions include: connection
of different levels of the constructive hierarchy (modules, nodes, basic elements) of components
without changing their forms and properties, and with mutual coordination of forms and properties;
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introduction of new principles of functioning to car constructs on the existing element base and on
a new element base; consideration at the design stage of the prerequisites for the constructive
implementation of future innovative design solutions.

3. Today, the most promising from the point of view of practical creation of multifunctional
components of freight cars are the following directions identified and presented in detail in the
article: elastic-dissipative, non-rigid articulated and multi-material.

4. The expected results of the development and implementation of multifunctional components
of freight cars include: reducing their own mass; improving operational properties; reducing the
number of elements and redundant connections; increasing reliability and safety of movement;
increasing the permissible values of the speeds of cars in empty and loaded states; reducing the
costs of their: manufacturing, operation, maintenance, repairs, etc.

9. The presented directions for creating multifunctional components of freight cars will allow
obtaining positive results in their manufacture and operation. Such positive results include: increas-
ing the life cycle of the studied means, reducing their material consumption and increasing load
capacity, improving maintainability, increasing crack resistance, reducing/completely eliminating
stresses of different signs.

6. The possibilities of constructive and technological implementation of prestressed and/or
deformed components of freight cars, structured in a graphical form and presented in the work,
should be used in further research and development work on the creation of new generation freight
cars, as well as increasing the systemic efficiency of their existing models.

7. The proposed theoretical provisions for the implementation of prestressed and/or deformed
components in the design of freight cars in accordance with possible cases of loading at the stages
of the life cycle should be used in solving similar scientific and applied problems for other types of
rolling stock, as well as objects of transport engineering.

8. When introducing a directed stress-strain state into the components of freight cars, it is
advisable to use the given mathematical notation.

REFERENCES

1. Koshel, 0., Sapronova, S., Kara, S. (2023). Revealing patterns in the stressed-strained
state of load-bearing structures in special rolling stock to further improve them. Eastern-
European Journal of Enterprise Technologies, 4 (7 (124)), 30-42. https://doi.org/10.15587/
1729-4061.2023.285894

2. Muradian, L., Shvets, A., Shvets, A. (2024). Influence of wagon body flexural deformation on
the indicators of interaction with the railroad track. Archive of Applied Mechanics, 94 (8),
2201-2216. https://doi.org/10.1007/s00419-024-02633-2

3. Okorokov, A., Fomin, 0., Lovska, A., Vernigora, R., Zhuravel, I., Fomin, V. (2018). Research
into a possibility to prolong the time of operation of universal open top wagon bodies that

126



4 ESTABLISHING A HIGH-QUALITY TECHNICAL CONDITION AT THE DESIGN STAGE: PROMISING CONCEPTS OF
LOAD-BEARING COMPONENTS OF CAR STRUCTURES

10.

1.

12.

13.

have exhausted their standard resource. Eastern-European Journal of Enterprise Technolo-
gies, 3 (7 (93)), 20-26. https://doi.org/10.15587/1729-4061.2018.131309

. Fomin, 0., Kulbovsky, I., Sorochinska, E., Sapronova, S., Bambura, 0. (2017). Experimental
confirmation of the theory of implementation of the coupled design of center girder of the
hopper wagons for iron ore pellets. Eastern-European Journal of Enterprise Technologies,
5 (1 (89)), 11-18. https://doi.org/10.15587/1729-4061.2017.109588

. Melnyk, 0., Onyshchenko, S., Onishchenko, 0., Lohinov, 0., Ocheretna, V. (2023). Integral
Approach to Vulnerability Assessment of Ship’s Critical Equipment and Systems. Transactions
on Maritime Science, 12 (1). https://doi.org/10.7225/toms.v12.n01.002

. Sagin, S. V., Sagin, S. S., Fomin, 0., Gaichenia, 0., Zablotskyi, Y., Pisték, V., Kucera, P.
(2024). Use of biofuels in marine diesel engines for sustainable and safe maritime transport.
Renewable Energy, 224, 120221. https://doi.org/10.1016/j.renene.2024.120221

. Melnyk, 0., Onishchenko, 0., Onyshchenko, S., Golikov, V., Sapiha, V., Shcherbina,
0., Andrievska, V. (2022). Study of Environmental Efficiency of Ship Operation in Terms
of Freight Transportation Effectiveness Provision. TransNav, the International Jour-
nal on Marine Navigation and Safety of Sea Transportation, 16 (4), 723—729. https://
doi.org/10.12716/1001.16.04.14

. Fomin, 0., Lovska, A., Kulbovskyi, I., Holub, H., Kozarchuk, I., Kharuta, V. (2019). Deter-
mining the dynamic loading on a semi-wagon when fixing it with a viscous coupling to a
ferry deck. Eastern-European Journal of Enterprise Technologies, 2 (7 (98)), 6-12. https://
doi.org/10.15587/1729-4061.2019.160456

. Melnyk, 0., Onyshchenko, S., Onishchenko, 0., Shumylo, 0., Voloshyn, A., Koskina, Y.,

Volianska, Y. (2022). Review of Ship Information Security Risks and Safety of Maritime

Transportation Issues. TransNav, the International Journal on Marine Navigation and Safety

of Sea Transportation, 16 (4), 717-722. https://doi.org/10.12716/1001.16.04.13

Sokolov, V., Porkuian, 0., Krol, 0., Stepanova, 0. (2021). Design Calculation of Automatic

Rotary Motion Electrohydraulic Drive for Technological Equipment. Advances in Design, Sim-

ulation and Manufacturing IV. Cham: Springer, 133-142. https://doi.org/10.1007/978-3-

030-77719-7_14

Kral, 0., Sokalav, V. (2020). Madeling of Spindle Node Dynamics Using the Spectral Analysis

Method. Advances in Design, Simulation and Manufacturing Ill. Cham: Springer, 35-44.

https://doi.org/10.1007/978-3-030-50794-7_4

Kondratiev, A., Gaidachuk, V., Nabokina, T., Kovalenko, V. (2019). Determination of

the influence of deflections in the thickness of a composite material on its physical

and mechanical properties with a local damage to its wholeness. Eastern-Europe-

an Journal of Enterprise Technologies, 4 (1 (100)), 6-13. https://doi.org/10.15587/

1729-4061.2019.174025

Kral, 0., Sokalov, V. (2020). Research of toothed belt transmission with arched teeth.

Diagnostyka, 21 (4], 15-22. https://doi.org/10.29354/diag/127193

127

CHAPTER 4




=g
(=<
R
—
=%
=T
=
(]

ASSESSMENT OF TECHNICAL CONDITION: MEANS OF MEASUREMENT, SAFETY, RISKS

14.

1a.

16.

17.

18.

19.

20.

21

2.

23.

24,

Gubarevych, 0., Goolak, S., Daki, E., Tryshyn, V. (2021). Investigation of Turn-To-Turn Clo-
sures of Stator Windings to Improve the Diagnostics System for Induction Motors. Prob-
lems of the Regional Energetics, 2 (50), 10-24. https://doi.org/10.52254/1857-0070.
2021.2-50.02

Gubarevych, 0., Goolak, S., Melkonova, 1., Yurchenko, M. (2022). Structural diagram of the
built-in diagnostic system for electric drives of vehicles. Diagnostyka, 23 (4), 1-13. https://
doi.org/10.29354/diag/156382

Kondratiev, A., Slivinsky, M. (2018). Method for determining the thickness of a binder layer
at its non-uniform mass transfer inside the channel of a honeycomb filler made from polymeric
paper. Eastern-European Journal of Enterprise Technologies, 6 (5 (96)), 42-48. https://
doi.org/10.15587/1729-4061.2018.150387

Fomin, 0., Lovska, A. (2021). Determination of dynamic loading of bearing structures of
freight wagons with actual dimensions. Eastern-European Journal of Enterprise Technologies,
2 (7 (110), 6-14. https://doi.org/10.15587/17298-4061.2021.220534

Tkachenko, V., Sapronova, S., Kulbovskiy, I., Fomin, 0. (2017). Research into resistance
to the motion of railroad undercarriages related to directing the wheelsets by a rail
track. Eastern-European Journal of Enterprise Technologies, 5 (7 (89)), 65-72. https://
doi.org/10.15587/1729-4061.2017.109731

Kondratiev, A. (2019). Improving the mass efficiency of a composite launch vehicle head
fairing with a sandwich structure. Eastern-European Journal of Enterprise Technologies,
6 (7 (102)), 6-18. https://doi.org/10.15587/17298-4061.2019.184551

Fomin, 0., Gerlici, J., Lovska, A., Kravchenko, K., Prokopenko, P., Fomina, A., Hauser, V.
(2019). Durability Determination of the Bearing Structure of an Open Freight Wagon Body
Made of Round Pipes during its Transportation on the Railway Ferry. Communications —
Scientific Letters of the University of Zilina, 21 (1), 28-34. https://doi.org/10.26552/
com.c.2019.1.28-34

. Fomin, 0., Lovska, A., Pisték, V., Kucera, P. (2019). Dynamic load computational modelling of

containers placed on a flat wagon at railroad ferry transportation. Vibroengineering Procedia,
29, 118-123. https://doi.org/10.21595/vp.2019.21132

Fomin, O., Lovska, A., Radkevych, V., Horban, A., Skliarenko, I. Gurenkova, 0. (2019). The
dynamic loading analysis of containers placed on a flat wagon during shunting collisions. ARPN
Journal of Engineering and Applied Sciences, 14 (21), 3747-3752. Available at: http://
www.arpnjournals.org/jeas/research_papers/rp_2019/jeas_1119_7989.pdf

Sagin, S., Kuropyatnyk, 0., Sagin, A., Tkachenko, I., Fomin, 0., Pisték, V., Kucera, P. (2022).
Ensuring the Environmental Friendliness of Drillships during Their Operation in Special Ecolog-
ical Regions of Northern Europe. Journal of Marine Science and Engineering, 10 (9], 1331.
https://doi.org/10.3390/jmse 10091331

Gorobchenko, O., Famin, 0., Gritsuk, ., Saravas, V., Grytsuk, Y., Bulgakav, M. et al. (2018).
Intelligent Locomotive Decision Support System Structure Development and Operation

128



4 ESTABLISHING A HIGH-QUALITY TECHNICAL CONDITION AT THE DESIGN STAGE: PROMISING CONCEPTS OF
LOAD-BEARING COMPONENTS OF CAR STRUCTURES

25.

26.

Quality Assessment. 2018 IEEE 3rd International Conference on Intelligent Energy and Power
Systems (IEPS). Kharkiv, 239—243. https://doi.org/10.1109/ieps.2018.8559487

Sulym, A. 0., Fomin, 0. V., Khozia, P. 0., Mastepan, A. G. (2018). Theoretical and practical
determination of parameters of on-board capacitive energy storage of the rolling stock. Nau-
kowyi Visnyk Natsionalnoho Hirnychoho Universytetu, 5, 79-87. https://doi.org/10.29202/
nvngu/2018-5/8

Fomin, 0., Sulym, A., Kulbovskyi, I., Khozia, P., Ishchenko, V. (2018). Determining rational
parameters of the capacitive energy storage system for the underground railway rolling
stock. Eastern-European Journal of Enterprise Technologies, 2 (1 (92)), 63—-71. https:/
doi.org/10.15587/1729-4061.2018.126080

129

CHAPTER 4




