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We present the possibilities to calculate the stressed-deformed 
state of circular arches under various conditions of bearing based on the 
algorithm of a numerical-analytical variant of the method of boundary 
elements and application of the MATLAB programming and calculation 
environment. The exact solution to the problem of flat deformation of 
a circular rod is shown, considering the deformations of bending and 
stretching-compression, which has not so far been implemented in pro-
fessional packages of the finite element method. We have constructed 
solving equations for the boundary value problems on flat deformation 
of circular arches under various bearing conditions. An example is given 
for calculating the circular arch SDS employing BEM; by using the 
MATLAB environment, we represented the results numerically and 
visually in the form of diagrams. It was established that the boundary 
element method in the calculation of circular arches has the simplest 
algorithm logic among other methods and it allows obtaining accurate 
and reliable results of the stressed-deformed state of crane structures 
with specialized designation. BEM presented in the given work could be 
successfully applied to solving boundary value problems for differential 
equations with variable coefficients. The structure in this case should 
be discretized while the BEM algorithm does not change. Additional 
advantage is the minimal requirements to variable coefficients of the dif-
ferential equation. They may possess first-order discontinuities, break-
points, and an arbitrary set of continuous functions, which significantly 
expands the range of problems to be solved.

It is obvious that the boundary element method enables fulfillment 
of the increased requirements to calculation results, which therefore 
renders relevance to the present study, as well as scientific and practical 
value for professionals involved in the design of crane structures. 

Keywords: boundary element method, fundamental system of 
functions, arched systems, specialized crane, MATLAB.
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A mathematical statement is given of the elastic-plastic behavior 
of isotropic bulk material using a classic model of Drucker-Prager. 
We have improved the return-mapping algorithm for solving numeri-
cally a problem on the mechanical state of bulk material. In order 
to solve a system of nonlinear equations by the Newton method, it 
is proposed, at each step of iterations, instead of finding the inverse 

Dmytro Onopreychuk
Ukrainian State University of Railway Transport, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-6314-3936

Results are presented of theoretical and experimental studies 
into effect of external magnetic field on the changes in adhesion 
parameters in a contact between magnetized steel rolling elements 
when they brought to each other to the level of atomic roughness. 
In theoretical studies, we calculated the interaction energy, adhesion 
force, friction and adhesion coefficient between magnetized steel 
rolling elements. The calculations are based on the general law of 
interaction between systems of charged particles, described by the 
Lennard-Jones potential, which takes into account both repulsion 
forces and attraction forces of these particles. A mathematical model 
was proposed for the calculation of force and coefficient of adhesion 
between steel rolling elements, taking into account magnetostrictive 
phenomena in the surface layers of a metal when magnetized by a 
constant magnetic field. The calculation of force and coefficient of 
adhesion was performed on the example of interaction between a 
wheel of a locomotive and a rail; the proposed model, however, could 
be applied to other elements of rolling friction.

The technique and results of experimental studies are presented 
of the effect of external magnetic field on the coefficient of adhesion 
in the friction model of contact “wheel of a locomotive ‒ rail”. Accord-
ing to the results, magnetization of metal rolling elements leads to a 
significant, up to 36 %, increase in adhesion forces, which is impor-
tant from the point of view of development and implementation of 
methods to control adhesion in similar tribological systems.

Keywords: friction force, adhesion coefficient, external mag-
netic field, rolling elements, magnetostriction.

References 

1.	 Berkovich, I. I., Gromakovskiy, D. G.; Gromakovskiy, D. G. (Ed.) 
(2000). Tribologiya. Fizicheskie osnovy, mekhanika i tekhnicheskie 
prilozheniya. Samara: Samar. Gos. Tekhn. un-t, 268.

2.	 Ahmatov, A. C. (1963). Molekulyarnaya fizika granichnogo treniya. 
Moscow: Fizmatgiz, 472.

3.	 Balanovskiy, A. E. (2011). Sistema koleso-rel’s. Ch. 1. Konec sistemy 
koleso-rel’s i vnov’ nachalo. Irkutsk: Izd-vo IrGTU, 1010.

4.	 Liu, B., Mei, T. X., Bruni, S. (2016). Design and optimisation of 
wheel-rail profiles for adhesion improvement. Vehicle System Dy-
namics, 54 (3), 429–444. doi: 10.1080/00423114.2015.1137958 

5.	 Kulichenko, A. Ya., Kuzin, M. O., Vakulenko, I. O. (2013). Otsinka 
yakisnykh pokaznykiv kontaktuvannia poverkhnevykh shariv try-
bolohichnoi systemy «koleso-reika». Nauka ta prohres transportu. 
Visnyk Dnipropetr. nats. un-tu zaliznych. transp. im. akad. V. Lazari-
ana, 3 (45), 44–52.

6.	 Keropyan, A., Gorbatyuk, S. (2016). Impact of Roughness of Inter-
acting Surfaces of the Wheel-Rail Pair on the Coefficient of Fric-
tion in their Contact Area. Procedia Engineering, 150, 406–410. 
doi: 10.1016/j.proeng.2016.06.753 

7.	 Markov, D. P. (2007). Tribologiya i ee primenenie na zheleznodoro-
zhnom transporte. Moscow: Intekst, 408.

8.	 Sosnovskiy, L. A. (2003). Osnovy tribofatiki. Ch. 1. Gomel’: BelGUT, 
246.

9.	 Pichlik, P., Zdenek, J. (2014). Overview of slip control methods used 
in locomotives. Transaction on Electrical Engineering, 3 (2), 38–43.

10.	 Markov, D. P. (2003). Mekhanizmy scepleniya pary koleso-rel’s s 
uchetom fononnogo treniya. Vestnik VNIIZHT, 6, 34–39.

11.	 Wang, W., Guo, H. W., J., Liu, Q., Zhu, M., Jin, X. (2014). Experi-
mental investigation of adhesion coefficient of wheel/rail under the 
track ramp conditions. Proceedings of the Institution of Mechani-
cal Engineers, Part J: Journal of Engineering Tribology, 228 (7), 
808–815. doi: 10.1177/1350650114526386 



75

Abstract and References. Applied mechanics

of visco-elastic phenomena and comparison with experiments. Inter-
national Journal of Pharmaceutics, 453 (2), 389–394. doi: 10.1016/ 
j.ijpharm.2013.05.038 

14.	 Shin, H., Kim, J.-B. (2015). A numerical investigation on deter-
mining the failure strength of a powder compact in unconfined 
compression testing by considering the compressible character of 
the specimen. Powder Technology, 277, 156–162. doi: 10.1016/ 
j.powtec.2015.02.054 

15.	 Fuk, D. V., Ganin, S. V., Tsemenko, V. N. (2016). Study of the con-
solidation of powder materials using the ABAQUS software pack-
age. St. Petersburg State Polytechnical University Journal, 1 (238), 
100–110. doi: 10.5862/jest.238.10 

16.	 Zhou, M., Huang, S., Hu, J., Lei, Y., Xiao, Y., Li, B. et. al. (2017). A 
density-dependent modified Drucker-Prager Cap model for die com-
paction of Ag57.6-Cu22.4-Sn10-In10 mixed metal powders. Powder 
Technology, 305, 183–196. doi: 10.1016/j.powtec.2016.09.061 

17.	 Zhou, M., Huang, S., Hu, J., Lei, Y., Zou, F., Yan, S., Yang, M. (2017). 
Experiment and finite element analysis of compaction densification 
mechanism of Ag-Cu-Sn-In mixed metal powder. Powder Technol-
ogy, 313, 68–81. doi: 10.1016/j.powtec.2017.03.015 

18.	 Karvatskii, A., Lazariev, T., Leleka, S., Pedchenko, A. (2017). CAD-
systems application for solving the elastoplastic problems with 
isotropic hardening. Bulletin of the National Technical University 
«KhPI» Series: New solutions in modern technologies, 7 (1229), 
55–63. doi: 10.20998/2413-4295.2017.07.08 

19.	 Lawrence, N. (2002). Compaq Visual Fortran. Sydney: Digital 
Press, 600.

20.	 Gmsh. A three-dimensional finite element mesh generator with 
built-in pre- and post-processing facilities. Avaialble at: http://
geuz.org/gmsh/

21.	 Thompson, M., Thompson, J. (2017). ANSYS Mechanical APDL for 
Finite Element Analysis. Oxford: Butterworth-Heinemann, 466.

22.	 ParaView. An open-source, multi-platform data analysis and visual-
ization application. Available at: http://www.paraview.org/

DOI: 10.15587/1729-4061.2017.109674
IDENTIFICATION OF THE ADDITIONAL 
EXPOSURE ZONE FOR ENSURING A COMPLETE 
CONTACT OF THE TWO-LAYERED SYSTEM 
(p. 23-29)

Natalya Obodan
Oles Honchar Dnipro National University, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-6847-0717

Natalya Guk
Oles Honchar Dnipro National University, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0001-7937-1039

Natalya Kozakova
Oles Honchar Dnipro National University, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-7780-7617

The problem of identification of the magnitude and zone of 
exposure on the upper layer of the two-layered structure under the 
action of a normally distributed load and its own weight for ensur-
ing a complete contact is solved. To solve a direct problem, we use 
a variational formulation for the corresponding nonlinear boundary 
value problem with constraints. The possibility of applying the 
inverse problem method implemented with the recession vector 
method is investigated. A numerical analysis of the convergence of 
the model deformation elimination process depending on mechanical 
and geometric parameters of the system is made. It is found that the 
pressing zone is separated from the loading zone, the parameters of 
the zone being dependent on the properties of the layers, the height 

matrix, to solve a system of algebraic equations, linearized by New-
ton, by applying the Gauss exclusion method. This makes it possible 
to reduce the number of arithmetic operations by about 3n2 (n is the 
dimensionality of SLAE) at each iteration step for each plastic finite 
element. We have tested the programming code developed on the 
high-level programming language Fortran on the example of a model 
material, characterized by the associative law of current, at different 
values of the angle of natural repose. Comparison of the obtained 
results of numerical experiment with the data received by applying 
the proprietary software revealed a deviation within 0.25–5.3 % 
depending on the desired magnitude. 

Keywords: bulk material, Drucker-Prager yield criterion, re-
turn-mapping algorithm, plastic deformation.
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New approaches to calculation of a profiled wall of the pro-
posed beam of box cross section were formulated. A profiled wall of 
the beam was presented as an orthotropic plate and specifics of its 
work were taken into account. In calculations of a profiled wall, the 
actual deformed scheme was changed for the equivalent one. The 
accepted system at simplification works under load similarly to the 
original system and has similar characteristics. Power or parabolic 
displacement function depends on parameters of a corrugated wall 
(ordinates of a point on the height of the wall, the number of half-
waves of stability loss). Solution to a fourth-order equation using 
the MatCAD computer complex was found. The result of solution 
to the differential equation is an original displacement function for 
a generalized model of the wall of a beam with a profiled wall of box 
cross section of trapezoidal outline. The displacements found allow 
obtaining values of stresses in the cross section of new structural 
forms of beams. The paper considers analytical dependence of the 
coefficient, obtained as a result of calculation, which represents the 
power of the argument of function of deformation of the middle 
beam’s axis on applied load. The function of square parabola was 
found to reliably correspond to a change in transverse deformations 
by height of the wall, which is proved by calculations using the 
method of finite elements.

We present the possibility of using the resulting dependence for 
determining the stressed-strained state of the wall of a new structure 
of the beam with a profiled wall of the box cross section. The results, 
obtained by a mathematical algorithm of diagram of normal stresses, 
were graphically compared with traditional calculation. The feasi-
bility of application of the presented methodological approach for 
beams with a profiled wall was proved because distribution of normal 
stresses by the traditional calculation method does not correspond 
to actual work of the wall. According to comparison of results of the 
conducted trial experiment with the presented method, the bending 
moment is accepted by flanges and sections of the wall, which are 
close to the flanges of the developed beams within (0.1÷0.2) hw.

Keywords: steel beam, profiled wall, box cross section, calcula-
tion technique, orthotropic plate.
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of the upper layer, the loading magnitude and the value of the coef-
ficient of friction. As a result of the research, an algorithm that allows 
determining the state of the contact zone and the corresponding 
stress-strain state of the two-layered system under consideration 
was developed. The algorithm uses the finite element method and 
determines the values of characteristic functions on the basis of the 
values of variational inequalities. The effect of physical and geo-
metric properties of the system on the parameters of the additional 
impact, ensuring the absence of a separation zone is investigated. It is 
shown that the account of friction small influences on the parameters 
of influence, a large role is rendered by geometrical parameters and 
level of basic ladening.

The developed algorithms and conducted research will allow 
increasing the design reliability of airfield pavements, layered struc-
tures of industrial buildings, hydraulic structures, foundations of 
massive structures, wells in rocks, as well as machine parts.

Keywords: plane contact problem, one-way communication, 
identification of exposure, inverse problem method.
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We report results of experimental investigation of aerodynamic 
characteristics of an aircraft maneuvering model with and with-
out a passage of airflow through the engines. During aero-tube 
experiment, research into the fighter aircraft models with round 
and rectangular shapes of nozzles was conducted. A basic method 
for studying aerodynamic characteristics is the weight experiment. 
When processing experimental data, we applied a method of cor-
rections and calculated correction factors that depend on the shape 
of working part of the wind tunnel and relative dimensions of the 
model. The methodology for a comprehensive analysis of corrections 
and for determining magnitudes of the most important correction 
coefficients was developed, that is frontal drag and lifting force. Veri-
fication of the developed technique was carried out by comparing 
blowdown results of the fighter aircraft model of the MiG-29 type 
in the wind tunnel T-1 at Kharkiv National University of Air Forces 
named after Ivan Kozhedub with the results obtained from reliable 
semi-empirical dependences. Relative error of determining maximum 
aerodynamic quality of the aircraft was 3 % compared to the results 
of aerodynamic characteristics of the actual aircraft. The difference 
of the developed technique is the possibility of using interchange-
able nozzles of engine imitators and the introduction of correction 
for the resistance of inner channels of the aircraft model’s nacelles. 
We demonstrated feasibility of the developed procedure for aero-
tube experiment and adequacy of accounting for experimentally-
determined corrections.

Keywords: wind tunnel, aerodynamical characteristics, gas-
turbine engine, maneuverable aircraft, weight experiment.
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We performed numerical simulation of the current in a stage 
of the axial compressor with an annular gas injection before the 
impeller. The gas-dynamic action was studied during operation 
of the stage on the verge of detachment. The annular injection 
was carried out at several fixed values of injection angle γ in 
the range from 5º to 90º. The research results showed that the 
gas-dynamic action on a current makes it possible to improve 
aerodynamic characteristics of the stage of an axial compressor. 
The gas-dynamic action by annular injection on the flow in a stage 
of the axial compressor makes it possible to extend the range of 
detachment-free flow-around. The level of flow non-uniformity 
after the impeller and the guide device has decreased. 

Results of the calculation study showed that at injection angles 
γ>50º the gas-dynamic action leads to an increase in the level of 
losses in the impeller At injection angles γ≤50º, one observes a posi-
tive effect. A total pressure loss coefficient in the impeller decreases 
from ξ=0.08 to ξ=0.03…0.005. At the rational values of intensity of 
the gas-dynamic action on the flow a degree of pressure increase in 
the stage grows from π=1.08 to π=1.093. 

Keywords: simulation of a current, gas-dynamic action, annular 
injection, compressor’s stage, hydraulic losses.
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losses caused by the elastic and dynamic losses of car and transmis-
sion (per one meter of the distance); additional consumption of en-
gine energy at fluctuations of the car guide wheels in the horizontal 
plane are caused by their imbalance. We present dependences that al-
lowed us to do the following: determine maximal total consumption 
of engine energy while driving; assess a reduction in the additional 
costs for the motion of hybrid cars under the established mode at 
an increase in the share of torque generated by electric motors. The 
interrelations were determined between energy indicators of the 
dynamics and fuel economy of cars. We found that the smaller the 
number of units of energy consumption by engine, required to move 
the car, the higher energy efficiency of the vehicle. Calculation of all 
types of energy consumption in the units of kinetic energy of the car 
enables their comparison, analysis of their causes, and the identifica-
tion of possible ways for their reduction. The proposed dependences 
could be used to determine engine energy consumption, required for 
the car motion, taking into account various factors. The equations 
derived make it possible to assess energy efficiency of the car at the 
stages of its design and modernization. 

We have shown the way to improve dynamics and fuel efficiency 
of a car by reducing additional losses in the vehicle transmission 
through the use of a combined electromechanical drive of the driving 
wheels. Applying energy approach allowed us, using hybrid cars as 
an example, to determine energy saving at their steady motion. This 
saving for a car with a number of cylinders of 6‒8 can reach 25‒30 %. 

Keywords: evaluation of dynamics, energy efficiency, additional 
energy losses, torque non-uniformity.
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We have developed an energy approach to estimating the dy-
namics and fuel economy of cars that makes it possible to determine 
interrelation between consumption of energy and the kinetic energy 
of a car. We determined coefficients of the specified interrelation 
for basic and additional (unproductive) consumption of energy. 
Based on the obtained coefficients, it is possible to rank energy 
losses, as well as identify the ways to reduce them. As indicators of 
energy evaluation of the car’s dynamics, we proposed indicators of 
its dynamics ‒ the level of kinetic energy possessed by a vehicle at 
full weight and maximal motion speed; energy indicator of the car’s 
dynamics that can be applied as the unit for measuring energy con-
sumption of engine, employed to move the car. The equations were 
derived that determine the following: a number of units of energy 
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Energy saving direction on railway transport is substantiated 
based on reducing the motion resistance related to directing the 
undercarriages by a rail track. This motion resistance is defined 
as the kinematic resistance to motion. We clarified the nature of 
motion resistance associated with directing the rolling stock by 
a rail track. This opens up certain prospects in terms of reduc-
ing the kinematic motion resistance through design parameters 
of the trucks and the track. The kinematic resistance to motion 
could become an additional criterion for the optimal choice of 
characteristics of mechanical part of the undercarriages. The same 
applies to the permissible deviations in parameters of the rolling 
stock and the track.

We model steady motion of a semi-wagon’s truck in a circular 
curve at constant velocity under the action of contact track forces, 
tractive force from the locomotive, and the unsuppressed centrifugal 
or centripetal forces of inertia. The kinematic motion resistance is 
determined as the longitudinal force applied to the truck’s pivot in 
order to balance all external forces. 

The dependences were obtained of specific kinematic resistance 
to motion on the motion velocity, base of the truck, radius of the 
curve, clearances of the wheelset in a rail track, and elevation of the 
outer rail. In particular, we derived a value of the motion velocity at 
which the minimum of resistance is observed. As we established, this 
speed does not match the equilibrium velocity and is 15−20 % lower.

The study showed the possibility to predict resistance related to 
directing the undercarriages by a rail track. This opens up the pros-
pect for choosing rational parameters of undercarriage gear of the 
rolling stock from the point of view of motion resistance. 

Keywords: railway transport, train traction, resource saving, 
motion resistance, directing the undercarriages by a rail track.
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