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STRENGTH ANALYSIS OF THE MODEL 918 WAGON
UNDER NON-TYPICAL BULK LOADS

Purpose. Highlighting the results of the analysis of the stress-deformed state of the wagon body of the 918 model under non-
typical loads with bulk cargo. Such an analysis was carried out with the aim of investigating the possibility of transportation of
various types of bulk cargo (for example, various types of raw materials, agricultural products, construction materials, etc.) in the
existing design of the section of the refrigerated wagon.

Methodology. In order to ensure uninterrupted railway transportation in today’s difficult conditions, it is proposed to use sci-
entific and applied approaches to develop the possibility of using existing models of wagons for types of transportation that are not
typical for them. Namely, to consider the possibility of using refrigerated wagons for the transportation of bulk cargo. A systematic
approach is used to conduct such research. This included: determination of the study of the specifics of the impact of bulk cargo
on rolling stock structures; analysis of design and technological documentation to create a spatial 3D model of the wagon under
investigation; creation of a calculation model using a modern software complex; checking the adequacy of the developed model
and the accuracy of the data obtained with its help; application of non-typical design loads; obtaining and analyzing pictures of
stress-strain states by the finite element method.

Findings. A 3D model of the body module of the model 918 wagon was developed. The results of the analysis of the equivalent
stress plot according to the first mode proved that the greatest stresses are 800 M Pa, that is, they significantly exceed the permis-
sible ones. According to the third mode, the highest stresses are 320 MPa and also exceed the permissible ones. The results of the
analysis of the plot of equivalent stresses, which occur during expansion, proved that the loads are excessive. The cladding, sup-
ported only by racks, cannot hold the load from the bulk cargo.

Originality. A strength analysis of the existing design of a refrigerated wagon section was conducted under non-typical bulk
cargo loads.

Practical value. The obtained results of the analysis of the stressed-deformed state of the body of the model 918 wagon when loaded
with bulk cargo made it possible to assess the potential possibilities of such transportation. It is expedient to use such results when car-
rying out research and development works on the improvement (modernization) of the existing sections of refrigerated wagons to ensure
the possibility of transporting bulk cargo in them. This, in turn, will increase the efficiency of the domestic fleet of freight wagons.

Keywords: mechanical engineering, freight wagons, strength calculations, bulk loads

Introduction. Modern operating conditions of railway roll-
ing stock of Ukraine are very complex. This is justified by the
need to meet the requirements of railway freight transportation
with the existing models of the wagon fleet. This requires their
use in non-typical (not for the transportation of goods defined
by the technical conditions) operating conditions. In particular,
there is a need to use sections of refrigerated wagons for the
transportation of various types of bulk cargo. The quality of such
cargo can be, for example, various raw materials, agricultural
products, construction and finishing materials, and others.

Literature review. In the paper [1], the authors describe the
problems of the appearance of defects in the form of cracks on
the vertical sheet of the backbone beam of dump trucks, the
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repair of which is not provided for in the documentation for
current repairs. The scientific publication presents the results
of the analysis of malfunctions of dump trucks, the results of
control tests and strength studies in order to confirm the theo-
ry of the occurrence of cracks on the backbone beam using the
calculation-experimental method in the SolidWorks Simula-
tion software package.

The authors in the publication [2] consider modern methods
for estimating the residual resource of the load-bearing struc-
tures of railway rolling stock. In the study, the authors also con-
sidered the change in the endurance limit in the structure under
the action of multi-cycle loads, but the work does not describe
how the endurance limit of modernized freight wagons changes.

In the scientific paper [3], the authors consider the issue
aimed at the development of a modern methodology for as-
sessing the fatigue life of new railway freight wagons. In order
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to evaluate the fatigue life, the authors propose to conduct ac-
celerated bench tests simulating the conditions of real opera-
tion of freight wagons. However, the work does not describe
the issue of estimating the fatigue life by computational and
experimental methods of modernized freight wagon bodies.

In work [4], an analysis of the types of failures of elements
of the rolling stock’s undercarriage was performed and a struc-
ture based on their criticality was created. However, the analy-
sis concerned only the running parts, failures of the load-bear-
ing structures of the freight wagons were not considered.
Freight railway wagons occupy a significant share in the total
capital of a freight railway enterprise.

The authors of the work [5] consider the real problem of
managing a fleet of freight wagons and propose a decomposi-
tion approach to optimize a heterogeneous fleet of platform
wagons. The proposed approach includes four stages: genera-
tion of random container weight, optimal distribution of the
container on the wagon, changing the position of the empty
wagon, and optimal size of the wagon fleet. In the work, it
would also be appropriate to consider the issue of moderniza-
tion of the non-operated fleet of covered wagons into wagons
for the transportation of bulk cargo.

The authors of the work [6] investigate the longitudinal
forces acting on a railway wagon for different loading condi-
tions of the wagons in the train. Three different types of wag-
ons are considered in the work, namely fully loaded, partially
loaded and empty wagons. The purpose of this work is to de-
termine the best place for their location in a freight train where
the smallest longitudinal forces occur, regardless of the wagon
loading scheme. However, the work does not assess the influ-
ence of horizontal forces on the railway wagon which signifi-
cantly affect the safety of the movement of railway wagons.

In studies [7, 8], the author teams proposed approaches
and methods regarding the possibility of calculating machine-
building structures for non-typical loads. At the same time,
appropriate mathematical models, graphical and analytical
dependencies were obtained.

The article [9] presents a study of the descent of freight
wagons in symmetrical turnouts No. 6. A dynamic model of a
freight wagon and a model of a flexible turnout, which under-
goes derailment when the wheel flange is lifted, were created.
In addition, a full-scale wheel-rail interaction test was con-
ducted to verify the dynamic model. As a result of the simula-
tion of derailment during lifting, the wheels are consistent with
the research data, and the safety of the cart depends on the
condition of both the front and rear wheels.

In the article [10], the authors present the concept of a
smart railway wagon modeled from smart components. This
concept can meet the safety requirements of a complex railway
system. Adding self-diagnostic features to a rail wagon reduces
the risk of accidents. This paper also presents the concept and
functional model of this railway wagon and illustrates the util-
ity of this concept based on investigated railway accidents.

In work [11], the dynamic load of load-bearing structures
of the main types of freight wagons with actual dimensions in
the main operating conditions was determined. The work also
takes into account two cases of load bearing structures of wag-
ons — in the vertical and longitudinal planes. The results of the
work make it possible to develop conceptual foundations for
restoring the effective functioning of outdated freight wagons.
Freight wagons mainly consist of welded steel structures sub-
jected to time-varying loads.

Therefore, in [12], the authors proposed several technical
codes for fatigue assessment of load-bearing structures. Also,
in this article, a comparison of the studied codes for fatigue
assessment of load-carrying structures of the freight wagon is
carried out. The obtained results provide a comprehensive
overview of the influence of the choice of a specific technical
code for the evaluation and prediction of fatigue life.

Scientific publications [13, 14] are devoted to consider-
ation of the features of the impact of loads on various types of

structures. At the same time, more attention is paid to bulk
cargoes and not bulk cargoes.

The authors of the paper [15] describe the calculation models
of the 18—100 bogie built using modern information technologies
and the developed software for predicting the influence of irregu-
lar cyclic loading and complex stresses on the growth of a surface
fatigue crack in the side frame of the bogie, which significantly
brings the problem closer to the real operating conditions.

The article [16] gives the results of an automated analysis
of the strength of a modernized freight wagon using the finite
element method. A CAD model of the considered freight wag-
on was created and its strength was analyzed in accordance
with the norms describing the method for testing this type of
freight wagons. Then, the model of the analyzed freight wagon
was modernized by adding composite panels covering the in-
ner surface of the wagon body. The strength analysis was per-
formed again and the results obtained were compared. This
work was carried out in order to check the effect of composite
panels on the strength of the freight wagon body and evaluate
the possibility of reducing the thickness of the steel shell of the
body in order to reduce the weight of the freight wagon.

The article [17] examines the prospects for the implementa-
tion of the “smart freight wagon” concept. The concept of devel-
oping a system for monitoring the state of operation of rolling
stock and transmitting telemetric data about the state of the in-
frastructure under the name “Smart Freight Wagon” is also be-
ing considered. The authors also offer their concept of improving
this system based on the openHAB smart system model, which
allows making a modular system in order to increase fault toler-
ance and flexible adaptation to the needs of specific customers.

The question of modernization of freight wagons using
composite materials is discussed in [18]. The main direction
with the use of composite materials is the body of a freight
wagon. Such measures provide for the improvement of anti-
corrosion characteristics. At the same time, it is believed that
corrosion processes have the greatest effect on the body of a
freight wagon, but this issue was not considered in the article.

In the paper [19], the authors presented a numerical study of
the mechanical response of the freight wagon body to normal
loads that occur during operation. The main goal of this study is
to investigate the possibility of replacing the steel walls of the
wagon with walls made of laminated composites. In this way, the
total weight of the wagon can be reduced, leaving room for ad-
ditional cargo loading. According to the results of the study, it
was concluded that the proposed modernization does not change
the strength indicators in the structure, and therefore, it is a good
solution for reducing the total weight of the freight wagon.

The study [20, 21] presented the results of research works on
the influence of non-typical loads on the structures of freight
wagons. At the same time, the loads that arise during the trans-
portation of wagon structures on ferries were considered.

Article [22] is devoted to diagnostics of the technical condi-
tion of load-bearing transport modules. At the same time, the
main attention was paid to driving forces and driving moments.

The study [23] presents the results of solving important
scientific and practical issues for freight wagon constructions.
It is these structures that take the main part in the transporta-
tion of bulk cargo. However, today the fleet of such wagons
does not fully meet the needs of seasonal transportation. In
addition, the fleet of freight wagons is characterized by high
wear and tear and obsolescence.

Articles [24, 25] present the results of research and devel-
opment work on modeling and determination of loads acting
on transport structures made of composite materials. Howev-
er, in this case, the structures are made of steel.

Unsolved aspects of the problem. The results of the analysis
of various types of information sources proved that insufficient
attention was paid to the issue of consideration of the possibil-
ity of transporting bulk cargo in sections of refrigerated wag-
ons. At the same time, the relevance of researching and solving
such a question is undeniable. This is explained by the pres-
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ence of a significant share of refrigerated wagons that are idle
and thus incur unjustified costs. Despite the fact that there is a
demand for the transportation of bulk cargo, and for the full
provision of which, accordingly, there is not enough fleet of
wagons. Summarizing the above, it is possible to confidently
conclude about the relevance and economically justified feasi-
bility of deploying research and development works in order to
ensure the involvement of a refrigerated fleet of freight wagons
in the transportation of bulk cargo. And accordingly, the first
important step on the way to solving this scientific and techni-
cal problem is to conduct an analysis of the strength (stress-
strain state) of the typical model 918 refrigerated rolling stock
under (non-typical) loads with bulk cargo.

The purpose of the article. The purpose of the article is to
highlight the results of the analysis of the stress-deformation
state of the body of the type-918 wagon under (non-typical)
loads with bulk cargo. Such an analysis was conducted with the
aim of investigating the possibility of transporting various types
of bulk cargo (for example, various types of raw materials, agri-
cultural products, construction materials, etc.) in the existing
design of the section of the refrigerated wagon. To achieve the
specified goal of the study, the following tasks were set:

- to analyze the features of the bearing structures of the
wagons under consideration;

- to develop an adequate computational finite-element
model of the load-bearing structures of the wagons under con-
sideration,;

- to determine the nature of the application and the mag-
nitude of the current (non-typical) loads with bulk cargo on
the bearing structures of the wagons under consideration;

- to carry out computer modeling in order to obtain pictures
of the stress-strain state of the structure under investigation;

- to analyze the received pictures of the stress-strain state
of the structure and draw conclusions.

Methods. Obtaining the results of the presented scientific
and applied research included traditional, generally accepted
research stages in accordance with the goal. Namely: a formal-
ized presentation of the problem and tasks of the research
(based on: the results of information-analytical and interna-
tional patent search, a complete and systematic critical analysis
of global and industry developments in this direction, a collec-
tion of expert-experienced assessments and proposals, a com-
prehensive and systematized review of modern scientific and
technical departments on the profile of issues); analysis of de-
sign and technological documentation to create a spatial 3D
model of the wagon under investigation; creation of a calcula-
tion model using a modern software complex; checking the
adequacy of the developed model and the accuracy of the data
obtained with its help; application of non-typical (correspond-
ing to the action of bulk cargo) design loads; obtaining and
analyzing pictures of stress-strain states by the finite element
method; formulation of conclusions. When conducting the re-
search, normative data from: interstate standards, DSTU, in-
structions, methods, regulations and projects were used, which
correspond to the problems of research and implementation,
and when creating a computer calculation model, software
products: Mathcad, SolidWorks, CosmosWorks were used.

Results. The refrigerator wagon is a universal covered wagon
designed for the transportation of perishable goods, most of
which are food products. Refrigerated wagons are structurally
isometric wagons with an all-metal body and a layer of thermal
insulation to protect the interior of the wagon from external ther-
mal influences. The refrigerated section consists of one diesel
and four freight wagons. In order to assess the stress-strain state
(strength calculation according to the Norms) of the load-bear-
ing structures of the model 918 wagon using the finite element
method, a corresponding 3D model was built in the SolidWorks
computer package. The body of the model 918 wagon is an all-
metal load-bearing structure and is made of a set of longitudinal
and transverse stiffening elements covered with thin corrugated
sheets. The 3D model of the wagon body of the 918 model was

Fig. 1. 3D model of the wagon body

Table 1
Parameters of the finite-element model of the wagon body
Parameter Value
The size of the element 5and 50 mm
The number of elements 9,962,551
The number of nodes 3,769,747

built according to the design documentation of the manufactur-
ing plant and consists of more than 550 parts (Fig. 1).

For strength calculations, a finite-element model of the
wagon body with the dimensions of the finite elements of 5 and
50 mm was developed.

The parameters of the finite-element model of the
918 wagon body are listed in Table 1.

The loading scheme for the wagon body of model 918 was
developed according to [11, 23]. The calculations were per-
formed for the most unfavorable possible combination of si-
multaneously acting standard forces in accordance with the
established design modes.

The first — to take into account the maximum load on the
end wall and the third — the maximum load on the side wall.
The first design mode is a conditional safety mode. The oper-
ating conditions according to the first calculation mode for
freight wagons correspond to the settling and shifting of heavy
rolling stock from a place, collision of wagons during shunting,
including when disbanding from humps, emergency braking
in trains at low speeds or collision of wagons in emergency
situations, as well as an emergency jerk (push).

The third design mode is the operational mode. Under the
operating conditions of the Third design mode, the cases of
movement of a fully loaded wagon as part of a train on straight
and curved sections of track and switches of the corresponding
design and condition at an acceptable speed, up to the design
speed, during periodic service adjustment braking, periodic
moderate jerks and periodic moderate jerks of the standard
operation of the wagon mechanisms and units correspond.

Since the wagon will be used for the transportation of bulk
cargo, it was decided to calculate the side walls for the bursting
load.

The pressure of the bulk cargo per unit of pilgrimage of the
walls of the body P,, N/m? is determined by the formula

4 2

where k,, is the coefficient of vertical dynamics, it is taken
when calculating according to the first mode k,,= 0.1 and ac-
cording to the third mode k,; = 0.353; y — the bulk density of
the cargo (the density of the transported cargo) is determined
by the nominal carrying capacity (50 t) and the volume of the
body in the general case is determined (112 m?) and is:

a) v = 800 kg/m® loading height 1.2 m;

b) v = 500 kg/m? loading height 2.2 m.

ﬂ=(1+kvd)-v-g~y-tg[n—(pj, (1)
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At the minimum density, the loading height is 2.2 m, and
the maximum cargo weight is 39.2 tons.

At the maximum cargo density, the maximum loading
height is 1.2 m, and the maximum cargo weight is 49 tons.

g =9.81 m/s> — acceleration of free fall; y is the distance
from the load to the point where the pressure is determined; ¢
is the angle of the natural slope of the load, formed by the sur-
face of the loosely packed load with a horizontal surface. The
angle ¢ is taken when calculating according to the I mode in
accordance with [11, 23] (for sunflower we take 0.78 rad), and
according to the III mode it is equal to 0.2 from the value [11,
23] (0.78 - 0.2 =0.157 rad).

Bulk cargo pressure according to the third load mode. We de-
termine the active (static) pressure per unit thickness of the
side wall, Pa

P, =P, =(1+0.353)-800-9.81 ~y-tg(¥—&257} =9.062;

P =(1+0.353).500-9.81.y.tg(¥—&25q=5.664.

The calculated forces are given in Table 2.

The calculation scheme for the third mode is presented in
Fig. 2. During the calculation, simulation was performed with
different degrees of loading: y = 800 kg/m?® loading height
1.2 m; y = 500 kg/m? loading height 2.2 m.

Permissible stresses. When determining the properties of
the material, which are required for strength calculations,
some assumptions are made. First, the material from which
this or that part is made is considered homogeneous. In addi-
tion, the actual characteristics of the real material from which
any structure is made have certain deviations from the charac-
teristics given in the handbooks.

Wagon bodies are made of St3 steel. The allowable stresses
adopted in accordance with [ 11, 23] when calculating the strength
of the load-bearing elements of the frame are given in Table 3.

Table 2
Static and kinematic boundary conditions

Load conditions Mode I Mode II1
Longitudinal load 2.5 MN 2.0 MN
(applied to the rear stops
of the auto coupling)
Vertical load: 72.6t 72,6t
- gross gravity; (36.3 tfor half | (36.3t for half of
- vertical dynamic load of the body) the body)
(applied as the acceleration | Not taken into 256t
of a rigid body); account (K,;=0.353

g+a=9.81+346=
- the vertical component =13.27 m/s?)
of the longitudinal inertia 13.45¢ Not taken into
force of the body (applied 50%g+a= account
as the acceleration of a =11.6 m/s?%)
rigid body)
Lateral load:
- centrifugal force (applied | Not taken into 72.6 kKN
to the pivot and account (0.98 m/s?)
compensated by the
inertia of the body in the
lateral direction);
- the transverse component 263 kN Not taken into
of the longitudinal 224 kN account
quasi-static force (applied
to the pivot and on the rear
stop)
Self-balanced loads:
- resistance forces Y-3,600 N/m Y-9,060 N/m
Side wall 61.250 kN Not taken into
End wall account
70 ISSN 2071
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Fig. 2. Calculation scheme for mode 111 with bulk cargo

Calculation results of the type-918 wagon body without
side wall reinforcements

Fig. 3 shows the graph of the equivalent stresses arising in
the frame of the wagon body from the action of the standard
load according to the first mode for a finite-element model
with dimensions of 5 and 50 mm.

The most stressed zones of the wagon body frame accord-
ing to the first mode are presented in Figs. 3—4.

The sheet of the side wall near the end wall of the body,
which is not supported by anything, cannot withstand loads.
The stress in this area is 800 M Pa.

Stresses in the body frame do not exceed 250 MPa.

Fig. 5 shows the graph of the equivalent stresses arising in
the frame of the wagon body from the action of the standard

Table 3
Permissible stresses
Mode 1 Mode II1
Material | [6], | [t 1. | [Scunls | 0] | [Tad: | [Gonnl:
MPa MPa MPa MPa MPa MPa
St3 0950, | 060, | 120, | 155 95 215

Fig. 4. Diagram of equivalent stresses in the body frame in the
1 mode
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load according to the third mode for a finite-element model
with dimensions of 5 and 50 mm.

Fig. 5, b shows the beams on the side walls, the stress in
which is 320 MPa, which exceeds the permissible values. The
allowable stresses are 155 MPa, so the sidewall racks and clad-
ding cannot withstand these loads.

Fig. 6 shows the equivalent stresses when calculating the
side walls for bursting loads.

As a result of the calculation, the load on the side wall is
excessive. The cladding, supported only by racks, cannot hold
the load from the bulk cargo. It is necessary to strengthen the
side walls by creating a lattice frame.

Results.

1. A 3D model of the load-bearing module of the wagon
body of the 918 model was developed, which is an all-metal
load-bearing structure made of a set of longitudinal and trans-
g verse stiffening elements covered with thin corrugated sheets.
2. The 3D model of the 918 wagon body is built according

R 2nin [3.205¢-c2 2 e | to the design and operational documentation of the manufac-
A i \ turing plant and consists of more than 550 parts.
3. According to the available current norms regarding cal-

culations, robustness studies were carried out in the licensed
software complex.

4. The results of the analysis of the plot of the equivalent
stresses arising in the frame of the wagon body from the action
of the standard load according to the first mode in the finite-
element model with dimensions of 5 and 50 mm showed that
the highest stress zones of the frame of the wagon body are
located in the sheet of the side wall near the end wall body,
which is not supported by anything. At the same time, the

b stress in that place is 800 MPa, that is, they significantly ex-
Fig. 5. Diagram of stress distribution I1I mode: ceed the permissible level. Stresses in the body frame, in the
specified calculation case, do not exceed 250 MPa.

5. The results of the analysis of the plot of the equivalent
stresses arising in the frame of the wagon body from the action
of the standard load according to the third mode in the case of
a finite-element model with dimensions of 5 and 50 mm
showed that the highest stress zones of the frame of the wagon
body are located in the beam on the side walls, and their level
is 320 MPa, which exceeds the permissible values. The allow-
able stresses are 155 MPa, so the sidewall racks and cladding
cannot withstand these loads.

6. The results of the analysis of the plot of equivalent
stresses, which occur when the load is stretched, proved that
the loads are excessive. The cladding, supported only by racks,
cannot hold the load from the bulk cargo. It is necessary to
strengthen the side walls by creating a lattice frame.

a — isometry; b — enlarged fragment of the side wall

References.
1. Koshel, O., 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 Technolo-
gies, 4(7(124)), 30-42. https://doi.org/10.15587/1729-4061.2023.285894.
2. Horobets, V. L., Miamlin, S.V., & Yanhulova, O. L. (2015). Pros-
pects for the development of methods for estimating the service life of
railway rolling. Visnyk sertyfikatsii zaliznychnoho transportu, 8, 44-47.
3. Li, X., Fang, J., Zhang, Q., Zhao, S., & Guan, X. (2020). Study on
Key Technology of Railway Freight Car Body Fatigue Test. Journal of
Failure Analysis and  Prevention, 20(1), 261-269. https://doi.
org/10.1007/s11668-020-00828-7.
4. Poveda-Reyes, S., Rizzetto, L., Triti, C., Shi, D., Garcia-Jimé-
nez, E., Molero, G.D., & Santarremigia, F. E. (2021). Risk evalua-
tion of failures of the running gear with effects on rail infrastructure.
Engineering Failure Analysis, 128, 105613. https://doi.org/10.1016/i.
engfailanal.2021.105613.
5. Milenkovi¢, M., Bojovi¢, N., & Abramin, D. (2023). Railway
freight wagon fleet size optimization: A real-world application. Journal
b of Rail Transport Planning & Management, 26, 100373. https://doi.
. . o . . org/10.1016/j.jrtpm.2023.100373.
Fig. 6. The diagram of stress distribution according to the third 6. Rakshit, U., Malakar, B., & Roy, B. K. (2018). Study on Longitudi-

mode: nal Forces of a Freight Train for Different Types of Wagon Connec-
a — y = 800 kg/m? loading height 1.2; b — vy = 500 kg/m® loading tors. IFAC-PapersOnLine, 51(1), 283-288. https://doi.org/10.1016/j.
height 2.2 ifacol.2018.05.074.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N2 4 71



7. Sokolov, V., Porkuian, O., Krol, O., & Stepanova, O. (2021). De-
sign Calculation of Automatic Rotary Motion Electrohydraulic Drive
for Technological Equipment. In: Advances in Design, Simulation
and Manufacturing IV. DSMIE 2021. Lecture Notes in Mechanical En-
gineering, 1, 133-142. Springer, Cham. https://doi.org/10.1007/978-
3-030-77719-7_14.

8. Krol, O., & Sokolov, V. (2020). Modeling of Spindle Node Dynam-
ics Using the Spectral Analysis Method. In: Advances in Design,
Simulation and Manufacturing I1I. DSMIE 2020. Lecture Notes in
Mechanical Engineering, 1, 35-44. Springer, Cham. https://doi.
org/10.1007/978-3-030-50794-7_4.

9. Lai, J., Xu, J., Wang, P., Yan, Z., Wang, S., Chen, R., & Sun, J.
(2021). Numerical investigation of dynamic derailment behavior of rail-
way vehicle when passing through a turnout. Engineering Failure Analy-
sis, 121, 105123. https://doi.org/10.1016/j.engfailanal.2020.105132.

10. Clarhaut, J., Hayat, S., Conrard, B., & Coquempot, V. (2010).
The concept of the smart wagon for improving the safety of a railroad
transportation system. /FAC Proceedings, 43(8), 638-643. https://doi.
org/10.3182/20100712-3-FR-2020.00102.

11. Fomin, O., & Lovska, A. (2021). Determination of dynamic load-
ing of bearing structures of freight wagons with actual dimensions.
Eastern-European Journal of Enterprise Technologies, 2(7(110)).
https://doi.org/10.15587/1729-4061.2021.220534.

12. Vega, B., & Perez, J. (2023), Comparative analysis of fatigue
strength of a freight wagon frame. Welding in the World, 68, 321-332.
13. Melnyk, O., Onyshchenko, S., Onishchenko, O., Lohinov, O., &
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.

14. Yakovlieva, A., & Boichenko, S. (2020). Energy Efficient Renew-
able Feedstock for Alternative Motor Fuels Production: Solutions for
Ukraine. Studies in Systems, Decision and Control, 298, 247-259.
https://doi.org/10.1007/978-3-030-48583-2_16.

15. Rudavs'kyy, D., Shefer, M., Kanyuk, Yu., Shpak, Z., & Ripak, N.
(2021). Calculation model for the evaluation of tired defect develop-
ment in the freight wagon side frame. Ukrainian Journal of Information
Technology, 3(2), 15-20. https://doi.org/10.23939/ujit2021.02.015.
16. Ptaczek, M., Wrédbel, A., & Baier, A. (2015). Computer-aided
strength analysis of the modernized freight wagon. IOP Conference Se-
ries Materials Science and Engineering, 95(1), 012042. https://doi.
org/10.1088/1757-899X/95/1/012042.

17. Lukasik, Z., & Ushakov, A. (2020). Concept “Smart freight wag-
on”. Journal of Civil Engineering and Transport, 2(1), 19-33. https://
doi.org/10.24136/tren.2020.002.

18. Ptaczek, M., Wrébel, A., & Buchacz, A. (2016). A concept of
technology for freight wagons modernization. /OP Conference Series:
Materials Science and Engineering, 161, 012107. https://doi.
org/10.1088/1757-899x/161/1/012107.

19. Patrascu, A., Hadar, A., & Pastrama, S. (2019). Structural Analy-
sis of a Freight Wagon with Composite Walls. Materiale Plastice,
57(2), 140-151. https://doi.org/10.37358/MP.20.2.5360.

20. Fomin, O., 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.

21. Fomin, O., Lovska, A., Radkevych, V., Horban, A., Skliarenko, I.,
& Gurenkova, O. (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.

22. Gubarevych, O., Goolak, S., Melkonova, 1., & Yurchenko, M.
(2022). Structural diagram of the built-in diagnostic system for elec-
tric drives of vehicles. Diagnostyka, 23(4), 2022406. https://doi.
org/10.29354/diag/156382.

23. Okorokov, A. M., Fomin, O.V., Lovska, A.O., Vernigora, R. V.,
Zhuravel, 1. L., & Fomin, V. V. (2018). Research into a possibility to
prolong the time of operation of universal semi-wagon bodies that
have exhausted their standard resource. Eastern-European journal of
enterprise technologies, 3/7(93), 20-26. https://doi.org/10.15587/1729-
4061.2018.131309.

24. 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. East-
ern-European Journal of Enterprise Technologies, 6(5(96)), 42-48.
https://doi.org/10.15587/1729-4061.2018.150387.

25. Kondratiev, A. (2019). Improving the mass efficiency of a compos-
ite launch vehicle head fairing with a sandwich structure. Eastern-
European Journal of Enterprise Technologies, 6(7(102)), 6-18. https://
doi.org/10.15587/1729-4061.2019.184551.

AHaji3 minHocTi Barony mozesi 918
NPH HETHNOBUX HABAHTAXKEHHSIX CHITYYHM
BaHTaXkeM

0. B. ©omin™', I1. M. ITpoxonenko®, A. M. Pomina’,
A. O. Kaumaur®, C. B. Kysvmenko®

1 — lepxxaBHUii yHiBepcUTET iHGPACTPYKTYpU Ta TEXHOJIO-
rit, M. KuiB, Ykpaina

2 — ®Dinig «HaykoBo-0CTiIHNI Ta KOHCTPYKTOPCHKO-TEX-
HOJIOTIYHMI IHCTUTYT 3a/Ii3HUYHOTro TpaHcnopty» AT «YKpa-
THCBbKa 3aji3HullsI», M. KuriB, Ykpaina

3 — CXigHOYKpaiHCHKUI HalliOHAJbHUI YHiBEPCUTET iMeHi
B. lansg, m. KuiB, Ykpaina

* ABTOp-KOpecrnoHAeHT e-mail: fomin1985@ukr.net

Meta. BucBiTieHHS pe3yJibTaTiB MPOBEICHOTO aHalizy
HampyXeHo-1e(hOpMOBaHOTO CTaHy Ky30Ba BaroHy MOJIEi
918 nmpu HETUMOBMX HABaHTAXXEHHSIX CUMYYMM BaHTaKEM.
Takwii aHaJTi3 MPOBOAMBCS 3 METOIO OOTPYHTYBAHHS MOKITH -
BOCTI IMepeBe3eHHsT Pi3HUX BUIIB HACUITHUX BaHTaXiB (Ha-
MPUKJIAA Pi3HOTO PONy CUPOBUHMU, CLTbCHKOTOCTIOOAPCHKOL
MPOIYKILil, OyIiBeJIbHUX MaTepiajiB Ta iHIIMX) Yy iCHYIOUilt
KOHCTPYKIIii cexlil peprkepaTopHOro BaroHy.

Metoauka. 3 MeTo10 3a0e3rnedyeHHs1 0e3repeOiliiHOCTI 3a-
JIIBHUYHUX TIePeBE3eHb Y CYyJaCHMX CKJIaIHMX YMOBAX, IPO-
MOHYEThCS 32 JOIMOMOIOI0 HayKOBO-NPUKIAIHUX TiIXO/iB
OIpaIOBaTH MOXJIMBICTh BUKOPUCTAHHS iCHYIOUMX MOJEIIe
BaroHiB /ISl HETUTIOBUX, JUJISI HUX, BUIIB MepeBe3eHb. A came
PO3IJITHYTH MOXKJIMBICTh 3aCTOCYBaHHSI pedprkepaTopHUX
BaroHiB JIJIs1 TIEPeBE3EHHsI HACUMTHUX BaHTaxiB. JlJis1 mpose-
JIEHHST TaKWX JOCTIIKEHb 3aCTOCOBAHO CUCTEMHMI TTiIXiI.
SAkuii BKITIOYAB: BU3HAYEHHS MOCIIIKEHHS OCOOJIMBOCTEM
BIUIMBY HACUITHUX BaHTaXiB Ha KOHCTPYKIIii pyXOMOTO CKJIa-
JIy; aHaJ1i3 KOHCTPYKTOPCHKOI Ta TEXHOJIOTIUHOT IOKYMEHTaLIil
IUIST CTBOPEHHST MPOCcTOpoBoi 3D Mozmesi BaroHy, 1o JOCITi-
TKYETBCS; CTBOPEHHSI 32 IOTIOMOT'0I0 CYy4aCHOTO MPOrpaMHO-
o KOMILIEKCY PO3paxyHKOBOI MOJEJIi; TepeBipKa aneKBar-
HOCTi po3p00JIeHOT MOIETi i1 TOYHOCTI OTPUMAHMX 3a ii 1010~
MOTOI0 JaHWX;, TPUKIAZaHHS HETUITOBUX PO3PaXyHKOBUX
HaBaHTaXXeHb; OTPMMAHHSI Ta aHaJli3 KapTUH HaIpy>KeHO-/e-
(OpMOBaHHUX CTaHIB METOJIOM CKiHUEHUX €JIEMEHTIB.

PesymbraTu. Po3pobaeHa 3D Mozenb Moy it Ky30Ba Baro-
Hy Mozeni 918. Pe3ynbraTul aHami3y emopy eKBiBAIEHTHUX Ha-
MpPYXeHb 3a MepIIMM PeKMMOM 3acBiIuMiIM, 10 HaWOiIbLIi
HanpyXeHHs cTaHOBISATh 800 MI1a, To6TO 3HAYHO MepeBUIITY-
IOTh AOMYCTUMI. A 3a TPETiM peKMMOM HaNOIbILI HAMpy>KeH-
Hs cTaHOBIIATh 320 MIla, i TaKOX MEepeBUIITYIOTh TOITYCTHMI.
PesynbraTi aHanizy emopu eKBiBaJICHTHUX HaIpyKeHb, SIKi
BUHUKAIOTh TIPY PO3MMPAHHi, 3aCBIMYWIN 1110 HABAHTAXKCHHST
€ HagMmipHumu. OOLIMBKa, MiAKpirUieHa TiUIbKY CTiliKamMu, He
MOX€e YTPUMAaTH HaBaHTaKeHHS Bill HACUITHOTO BaHTaXKYy.

Haykosa HoBu3Ha. [IpoBeneHo MillHiCHMIT aHai3 icHY10-
YOI KOHCTPYKIIii CeKllii peppukepaTopHOro BaroHa rpu He-
TUMOBUX HABAHTAXKEHHSIX CUITYUUM BaHTaXKEM.

Ipaktnyna 3naunmictb. OTpuMaHi pe3ynbTaTu aHATi3y
HanpyxeHo-1e(hOpMOBAaHOIO CTaHy Ky30Ba BaroHy Mopei
918 Tpu HaBaHTAXEHHSAX CHUITYYMM BaHTaXXeM TO3BOJMIN
OLIIHUTU TOTEHLIMHI MOXIMBOCTI TakuX IepeBe3eHb. Taki
pe3yJbTaT! JOUIPHO BMKOPUCTOBYBATH IIPW TPOBEACHHI
HayKOBO-JOCIAHUX i TOCTIAHO-KOHCTPYKTOPCHKUX POOIT 3
YIOCKOHAJICHHSI (MOIEepHi3alliil) iCHyrounx ceKiiii pedpu-
JKEpATOPHUX BaroHiB /ISl 3a0€3MeUeHHsT MOXKJIMBOCTI mepe-
BE3eHHS B HUX HACUITHUX BaHTaxiB. 11lo, y cBotO Uepry, mo-
3BOJIUTh TABUIIUTA €(PEKTUBHICTh (DYHKIIIOHYBAaHHS Bi-
TYMU3HSHOTO MapKy BaHTaXKHUX BaroHiB.

KutouoBi ciioBa: mexaniuna inoicenepis, mauunoOyoysanus,
BAHMAICHI 8A20HU, MIYHICMHI PO3PAXYHKU, CUNYYI 8AHMAICI
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