
74

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 6/7 ( 90 ) 2017

References

1.	 Zeleniak, V., Martyniak, R., Slobodian, B. (2008). Napruzhen-
nia v spaianykh riznoridnykh pivploshchynakh z vkliuchenniam i 
trishchynoiu za diy roztiahu. Visnyk Natsionalnoho universytetu 
«Lvivska politekhnika», 625, 54–58.

2.	 Savruk, M. P., Zelenyak, V. M. (1988). Plane problem of thermal con-
ductivity and thermal elasticity for two joined dissimilar half-planes 
with curved inclusions and cracks. Soviet Materials Science, 24 (2), 
124–129. doi: 10.1007/bf00736348 

3.	 Zeleniak, V., Slobodian, B. (2010). Modeliuvannia termopruzhnoho 
dvovymirnoho stanu dvokh spaianykh riznoridnykh pivploshchyn z 
vkliuchenniamy i trishchynamy. Fizyko-matematychne modeliuvan-
nia ta informatsiyni tekhnolohiy, 12, 94–101.

4.	 Shatskyi, I. P., Daliak, T. M. (2015). Vzaiemodiya trishchyny 
z kolinearnoiu shchilynoiu za zghynu plastyny. Visnyk Zaporiz-
koho natsionalnoho universytetu. Fizyko-matematychni nauky, 1,  
211–218. 

5.	 Tagliavia, G., Porfiri, M., Gupta, N. (2011). Elastic interaction of 
interfacial spherical-cap cracks in hollow particle filled composites. 
International Journal of Solids and Structures, 48 (7-8), 1141–1153. 
doi: 10.1016/j.ijsolstr.2010.12.017 

6.	 Chu, S. N. G. (1982). Elastic interaction between a screw dislocation 
and surface crack. Journal of Applied Physics, 53 (12), 8678–8685. 
doi: 10.1063/1.330465 

7.	 Ming-huan, Z., Ren-ji, T. (1995). Interaction between crack and elas-
tic inclusion. Applied Mathematics and Mechanics, 16 (4), 307–318. 
doi: 10.1007/bf02456943 

8.	 Mykhas’kiv, V. V., Khay, O. M. (2009). Interaction between rigid-
disc inclusion and penny-shaped crack under elastic time-harmonic 
wave incidence. International Journal of Solids and Structures, 
46 (3-4), 602–616. doi: 10.1016/j.ijsolstr.2008.09.005 

9.	 Kryvyy, O. F. (2012). Interface circular inclusion under mixed con-
ditions of interaction with a piecewise homogeneous transversally 
isotropic space. Journal of Mathematical Sciences, 184 (1), 101–119. 
doi: 10.1007/s10958-012-0856-6 

10.	 Elfakhakhre, N. R. F., Nik long, N. M. A., Eshkuvatov, Z. K. 
(2017). Stress intensity factor for multiple cracks in half plane 
elasticity. AIP Conference Proceedings, 020010-1–020010-8. 
doi: 10.1063/1.4972154 

11.	 Savruk, M. P. (1981). Dvumernye zadachi uprugosti dlya tel s tresh-
chinami. Kyiv: Naukova dumka, 324.

12.	 Panasyuk, V. V., Savruk, M. P., Datsyshin, A. P. (1976). Raspredele-
nie napryazheniy okolo treshchin v plastinah i obolochkah. Kyiv: 
Naukova dumka, 444.

DOI: 10.15587/1729-4061.2017.116692
INTRODUCTION OF THE METHOD OF  
FINITE-DISCRETE ELEMENTS INTO THE  
ABAQUS/EXPLICIT SOFTWARE COMPLEX  
FOR MODELING DEFORMATION AND FRACTURE 
OF ROCKS (p. 11-18)

Anatoliy Protosenia
Saint-Petersburg Mining University, Saint-Petersburg, Russia

ORCID: http://orcid.org/0000-0001-7829-6743

Maxim Karasev
Saint-Petersburg Mining University, Saint-Petersburg, Russia

ORCID: http://orcid.org/0000-0001-8939-0807

ABSTRACT AND REFERENCES

APPLIED MECHANICS

DOI: 10.15587/1729-4061.2017.114359
EXAMINING ELASTIC INTERACTION  
BETWEEN A CRACK AND THE LINE OF  
JUNCTION OF DISSIMILAR SEMI-INFINITE PLATES 
(p. 4-10)

Volodymyr Zelenyak
Lviv Polytechnic National University, Lviv, Ukraine

ORCID: http://orcid.org/0000-0002-6653-4326

Lubov Kolyasa
Lviv Polytechnic National University, Lviv, Ukraine 

ORCID: http://orcid.org/0000-0002-9690-8042

Oksana Oryshchyn
Lviv Polytechnic National University, Lviv, Ukraine

ORCID: http://orcid.org/0000-0002-8965-1891

Svitlana Vozna
Lviv Polytechnic National University, Lviv, Ukraine

ORCID: http://orcid.org/0000-0002-5354-2124

Olha Tokar
Lviv Polytechnic National University, Lviv, Ukraine

ORCID: http://orcid.org/0000-0001-9428-2472

We examined a two-dimensional mathematical model for the 
problem of elasticity theory on welded dissimilar elastic half-planes 
containing rectilinear cracks under the action of mechanical efforts 
on the shores of a crack. As a consequence, the intensity of stresses 
in the vicinity of tops of the cracks increases, which significantly 
affects strength of the body. This may lead to the growth of a crack 
and to the local destruction of a structure. Such a model represents 
to some extent a mechanism of destruction of the elements of engi-
neering structures with cracks when the water, contained in them, 
freezes to ice. It creates normal pressure on the shores of the cracks. 
Based on the application of the apparatus of singular integral equa-
tions (SIE), the problem is reduced to the system of SIE of the first 
kind on the contours of cracks. We obtained numerical solutions 
to the corresponding integral equation in particular cases of two 
welded dissimilar half-planes with one randomly-oriented crack, 
as well as a two-link irregular crack, which crosses the line of junc-
tion when the crack’s shores are exposed to uniformly distributed 
normal pressure. By employing these solutions, we determined 
stress intensity coefficients (SIC) at the tops of the crack, which 
are subsequently used to determine critical values of the normal 
pressure on the shores of the crack.

We built graphic dependences of SIC, which characterize distri-
bution of the intensity of stresses at the tops of a crack, on the angle 
of crack inclination and elastic characteristics of half-planes. This 
makes it possible to analyze the intensity of stresses in the vicinity 
of a crack’s tops depending on the geometrical and mechanical fac-
tors, as well as to determine the limit of permissible values of normal 
pressure on the shores of the crack at which the growth of the crack 
starts, as well as the local destruction of the body. 

It is shown that the proper selection of elastic characteristics of 
the components of welded dissimilar half-planes can help achieve an 
improvement in the strength of the body in terms of the mechanics 
of destruction by reducing SIC at the crack’s tops. 

Keywords: stress intensity coefficient, singular integral equa-
tion, normally distributed pressure, welded dissimilar plates.
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The paper has considered development of a model within the 
framework of the method of finite-discrete elements for describing 
processes of rock deformation and fracture. Analysis of the methods 
of mathematical modeling of geomechanical processes which makes 
it possible to take into account the medium damage or fracture was 
presented. A physical model of rock fracture was proposed. It con-
siders the fracture process as formation of microcracks of separation 
and shear or their combination. Examples of numerical modeling of 
loading a rock sample by the scheme of uniaxial compression and 
splitting by compression along generatrixes and in conditions of 
volume compression were considered. Formulation and results of 
simulation of development of a stress-strain state in the vicinity 
of the rock outcrop within the framework of the method of finite-
discrete elements were presented.

Within the framework of the study, an algorithm of imple-
menting the method of finite-discrete elements in the Abaqus/
Explicit software complex for strength calculations including 
all main stages of forming the numerical model from generation 
of an elemental grid to specification of boundary conditions 
has been worked out. A software solution for generation of the 
elemental grid was developed and capabilities of the Abaqus/
Explicit software complex were expanded. This solution allows 
one to generate elemental grids for bodies of arbitrary shapes 
taking into account presence of surfaces of weakening within the 
body, both in flat and spatial formulations. The capabilities of the 
Abaqus/Explicit software complex were expanded in the field 
of modeling rock strength under the conditions of volumetric 
compression. According to the results of the performed studies, it 
was established that modeling of fracture formation (formation of 
shear and separation cracks) at the microlevel has allowed us to 
reliably represent processes of rock deformation and fracture. The 
possibility of using the method of finite-discrete elements for pre-
diction of development of geomechanical processes in the vicinity 
of underground structures was presented.

The presented study results allow us to extend the scope of the 
method of finite-discrete elements to solve the problems of geome-
chanics and form the basis for application of this method in solving 
engineering problems.

Keywords: underground construction, rock, mechanics of frac-
ture, method of finite-discrete elements.
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The study highlights the necessity to specify the safety factor 
against derailing of the wheels of a railway rolling stock. The model-
ing of the wheels’ derailment was carried out on the basis of consider-
ing the complete pattern of frictional interaction with the rails of the 
approaching and running-off wheels of a wheel pair.

The simulation included the following previously overlooked 
factors: the dependence of the vertical component of the frictional 
force in the flange contact of the approaching wheel on the angle of 
the wheel running onto the rail; the influence of the frictional force 
in the flange contact of the approaching wheel on the increase in the 
horizontal lateral load on the flange; and the influence of the fric-
tional force in the contact of the running-off wheel on the increase in 
the lateral load on the flange of the approaching wheel.

The study has specified the safety factor – the Nadal criterion – 
against the derailment of the wheels of a railway stock. Unlike in the 
traditional approach, the safety factor of the wheel steadiness against 
derailment is assessed taking the frame force, rather than the lateral 
load on the flange, as the main factor of safety. This approach to de-
termining the stability criterion gives more reliable results, since the 
frame force is more accessible for experimental and theoretical analysis.

The proposed safety factor against the derailment of a railway 
stock, for different values of the flange inclination angle and the fric-
tion coefficient, is 10–50 % lower than the classical Nadal stability 
criterion. This makes the proposed criterion more reliable in assess-
ing the safety of a railway rolling stock derailment.

Keywords: railway stock, derailment, safety criterion/factor, 
approach angle, flange contact.
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the qualitative behavior of the rotor – auto-balancer system: it 
determines the number of critical speeds and the region of the auto-
balancing onset. Accuracy of determining critical speeds (the bound-
aries of the regions of auto-balancing onset) increases with:

– reduction of the auto-balancer mass with respect to the 
rotor mass;

– an increase in forces of viscous resistance to the motion of cor-
rection weights.

Keywords: rotor mounted on anisotropic supports, passive auto-
balancer, auto-balancing, criterion of auto-balancing onset, critical 
rotor speeds.
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Within the framework of the planar model of the rotor mounted 
on anisotropic elastic-viscous supports and balanced by a passive 
auto-balancer, conditions for  the occurrence of auto-balancing were 
analytically determined.

An empirical criterion for stability of the main motion was ap-
plied. It was found that depending on the forces of viscous resistance 
in supports, the rotor has one or three critical speeds. These speeds 
are between two natural frequencies of rotor oscillation in absence 
of resistance forces in supports. Auto-balancing, respectively, occurs 
when the single critical speed is exceeded or between the first and 
the second and above the third critical speeds.

At low forces of viscous resistance, the rotor has three critical  
speeds. The first and the third critical speeds coincide with two natural 
frequencies of rotor oscillation in absence of resistance forces in sup-
ports. The second critical  speed is between the first two. An additional 
(second) critical  speed appears when the auto-balancer is mounted on 
the rotor. In the transition of this speed the behavior of the auto-bal-
ancer changes: the auto-balancer reduces the rotor imbalance at slightly 
lower rotor  speeds and increases it at somewhat higher  speeds.

At finite forces of viscous resistance in supports, depending on the 
magnitude of these forces, the rotor has one or three critical  speeds.

At large forces of viscous resistance in supports, the rotor has 
one critical speed. Depending on the relationship between the coef-
ficients of the forces of viscous resistance, this speed is closer to the 
smallest or the largest natural frequency of the rotor oscillation.

The results obtained were confirmed by computational ex-
periments. It was established that the criterion correctly describes 
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A calculating apparatus has been developed to help evaluate the 
stress-strain state in the plastic forming processes accompanied by a 
complex loading in which the Bauschinger effect can be manifested. 
The developed methods are based on the phenomenological ap-
proach in which a material map is devised in the form of flow curves, 
Bauschinger curves, a function ϕ characterizing the hereditary influ-
ence of the loading history, plasticity diagrams, and limiting strain 
surfaces. To evaluate the plasticity resource used, taking into account 
the non-monotonicity of loading, the relations for determining the 
main components of the guiding strain-rate tensor were obtained, 
which made it possible to simplify the calculation of the components 
of the damage tensor. With the help of the developed calculating ap-
paratus, the applied plasticity resource was evaluated in the process 
of radial extrusion with the contour sag, which allowed setting the 
limiting parameters of the shaping. Also, as a result of the research, 
an increase in the plasticity of the metal was established by selecting 
rational loading paths in the space of the dimensionless coordinates 
η, µσ, and eu. For example, in the process of radial extrusion with the 
contour sag due to a change in the nature of the deformation, it was 
possible to obtain a flange diameter of 44 mm, with the initial diam-
eter of the cylindrical workpiece being 20 mm. The results obtained 
are important because in most cases the processes of metal pressure 
treatment are accompanied by non-monotonic deformation.

Keywords: plasticity of a metal, complex loading, stress tensor, 
stress deviator, Bauschinger effect, loading history.
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We investigated a geometrical model of unfolding a rod frame 
of an orbital object as a process of oscillations of a multi-link pen-
dulum under conditions of weightlessness and within an abstract 
plane. The initiation of oscillations is assumed to be driven by the 
pulse action on one of the nodal elements of the pendulum, imple-
mented using a pulsed rocket engine. The transported (starting) 
position of a multilink pendulum shall be accepted in the “folded” 
form. A notation of the inertial frame unfolding is performed 
employing the Lagrange equation of the second kind, in which 
potential energy was not taken into consideration because of 
weightlessness. 

It was established in the course of research:
– to unfold the structure, there is no need to synchronize the 

means of control over the magnitudes of angles in separate nodes; 
– transverse oscillations of nodes (tremor) before the moment of 

full unfolding of a multi-link pendulum can be used as signal for the 
actuation of locks in order to fix the position of its adjacent links;

– based on a circuit for unfolding a single multi-link structure, 
it is possible to form multi-beam circuits with a shared non-movable 
attachment node (a triad as an example).

Reliability of the obtained approximate solution was tested 
using the created animated film about the unfolding process of the 
structure. An example of a four-link pendulum was studied in detail. 
The results might prove useful when designing the unfolding of 
large-size structures under conditions of weightlessness, for example, 
frames for solar mirrors. 

Keywords: multi-link pendulum, large-scale structure, deployment 
in cosmos, mirror in space, Lagrangian equation of the second kind.

References

1.	 Lovegrove, K., Stein, W. (2012). Concentrating Solar Power Tech-
nology. Principles, Developments and Applications. Cambridge: 
Woodhead Publishing Limited, 708.doi: 10.1533/9780857096173 

2.	 Krafft, A. E. (1979). The future of the space industry. Мoscow: Me-
chanical Engineering, 200.

3.	 Barathwaj, G., Srinag, K. (2011). Wireless power transmission of 
space based solar power. Vol. 6. 2nd International Conference on 
Environmental Science and Technology, IPCBEE. IACSIT Press, 
Singapore, v2-227–v2-231.

4.	 Szuminski, W. (2014). Dynamics of multiple pendula without grav-
ity. Chaotic Modeling and Simulation, 1, 57–67. Available at: http://



80

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 6/7 ( 90 ) 2017

11.	 Uicker, J. J., Pennock, G. R., Shigley, J. E. (2003). Theory of Ma-
chines and Mechanisms. Oxford University Press, New York, USA.

12.	 Hohn, B.-R., Stahl, K., Gwinner, P. (2013). Light-Weight Design for 
Planetary Gear Transmissions. Geartechnology, 96–103. 

13.	 Malashchenko, V. O., Strilets, O. R., Strilets, V. M. (2015). Klasyfi-
katsiya sposobiv i prystroiv keruvannia protsesom zminy shvydkosti 
v tekhnitsi. Pidiomno-transportna tekhnika, 1, 70–78. 

14.	 Pawar, P. V. (2015). Design of two stage planetary gear train for high 
reduction ratio. International Journal of Research in Engineering 
and Technology, 04 (06), 150–157. doi: 10.15623/ijret.2015.0406025 

15.	 Bahk, C.-J., Parker, R. G. (2013). Analytical investigation of tooth 
profile modification effects on planetary gear dynamics. Mechanism 
and Machine Theory, 70, 298–319. doi: 10.1016/j.mechmachtheo-
ry.2013.07.018 

16.	 Huang, Q., Wang, Y., Huo, Z., Xie, Y. (2013). Nonlinear Dynamic Analysis 
and Optimization of Closed-Form Planetary Gear System. Mathemati-
cal Problems in Engineering, 2013, 1–12. doi: 10.1155/2013/149046 

17.	 Pleguezuelos, M., Pedrero, J. I., Sánchez, M. B. (2013). Analytical 
Expressions of the Efficiency of Standard and High Contact Ratio 
Involute Spur Gears. Mathematical Problems in Engineering, 2013, 
1–14. doi: 10.1155/2013/142849 

18.	 Chen, C. (2013). Power flow and efficiency analysis of epicyclic gear 
transmission with split power. Mechanism and Machine Theory,  
59, 96–106. doi: 10.1016/j.mechmachtheory.2012.09.004 

19.	 Chen, C., Chen, J. (2015). Efficiency analysis of two degrees of 
freedom epicyclic gear transmission and experimental validation. 
Mechanism and Machine Theory, 87, 115–130. doi: 10.1016/j.mech-
machtheory.2014.12.017 

20.	 Laus, L. P., Simas, H., Martins, D. (2012). Efficiency of gear trains 
determined using graph and screw theories. Mechanism and Machine 
Theory, 52, 296–325. doi: 10.1016/j.mechmachtheory.2012.01.011 

21.	 Strilets, O. R. (2015). Keruvannia zminamy shvydkosti za dopomo-
hoiu dyferentsialnoi peredachi cherez epitsykl. Visnyk Ternopils-
koho natsionalnoho tekhnichnoho universytetu, 4, 131–137. 

22.	 Malashchenko, V., Strilets, O., Strilets, V. (2017). Justification of 
efficiency of epicyclic gear train in device for speed changes manage-
ment. Ukrainian Journal of Mechanical Engineering and Materials 
Science, 3 (1), 72–76.

23.	 Strilets, O. R. (2007). Pat. No. 25335 UA. Zubchastyi dyferen-
tsial z prystroiem dlia keruvannia zminamy shvydkosti. MPK (2006) 
F16N1/28. No. u200504847; declareted: 19.02.2007; published: 
10.08.2007, Bul. No. 12.

24.	 Strilets, O. R. (2007). Pat. No. 28489 UA. Planetarna korobka 
peredach. MPK (2006) V60K17/06. No. u200709132; declareted: 
09.08.2007; published: 10.12.2007, Bul. No. 20.

DOI: 10.15587/1729-4061.2017.117683
SEARCH FOR TWO-FREQUENCY MOTION MODES 
OF SINGLE-MASS VIBRATORY MACHINE WITH 
VIBRATION EXCITER IN THE FORM OF PASSIVE 
AUTO-BALANCER (p. 58-66)

Volodymyr Yatsun
Central Ukrainian National  

Technical University, Kropivnitskiy, Ukraine
ORCID: http://orcid.org/0000-0003-4973-3080

Gennadiy Filimonikhin
Central Ukrainian National  

Technical University, Kropivnitskiy, Ukraine
ORCID: http://orcid.org/0000-0002-2819-0569

Kostyantyn Dumenko
Central Ukrainian National  

Technical University, Kropivnitskiy, Ukraine
ORCID: http://orcid.org/0000-0002-9718-6408

We determined coefficient of performance efficiency for the multi-
stage toothed differentials in a device for speed change when the drive 
link is a sun cogwheel of the first stage, the driven link is a carrier, or 
vice versa, with the epicycles of separate stages as control links.

Analytical dependences for determining performance efficiency 
of the multistage toothed differentials were derived using a method 
of potential power, which is the product of circular force on teeth and 
circular velocity of the point of initial circle of the satellite relative 
to the carrier, or the product of torque of a given force by angular 
velocity. Given the complexity of the task, we performed here a the-
oretical-computer study into performance efficiency of multistage 
toothed differentials in the devices for speed change with hydraulic 
systems using two- and three-stage transmissions as examples. By 
using a given procedure, it is possible to determine performance ef-
ficiency of the four- and multistage transmissions.

We constructed graphical dependences for performance ef-
ficiency of two- and three-stage transmissions. These charts enable 
visual tracking of change in the value of performance efficiency 
depending on angular velocity of the epicycle, transfer ratio, and the 
number of stages. 

It was established that for the two- and three-stage toothed 
differentials the condition of automatic braking is not applicable 
because performance efficiency is far greater than zero. In all 
cases, an increase in the number of stages in toothed differential 
results in the decrease of performance efficiency, which confirms 
general patterns.

The results obtained might have practical application at the 
stage of development and design of new devices for speed control, 
they make it possible to estimate operation of multi-stage toothed 
differentials in terms of energy consumption and automatic braking, 
thereby creating a basis for further research. 

Keywords: performance efficiency, toothed differential, change 
in speed, satellite, epicycle.
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Dynamics of a single-mass vibratory machine with rectilinear 
translational motion of the platform and a vibration exciter in the 
form of a ball, a roller, or a pendulum auto-balancer was analyti-
cally explored.

The steady-state motion modes, close to dual-frequency modes 
were found. At these motions, loads in the auto-balancer create 
constant imbalance, cannot catch up with the rotor and get stuck at 
a certain frequency. In this way, loads operate as the first vibration 
exciter, exciting vibrations at frequency of the loads getting stuck. 
The second vibration exciter is formed by unbalanced mass on the 
auto-balancer body. The mass rotates at rotor speed and excites 
more rapid vibrations with this frequency. It was found that despite a 
strong asymmetry of supports, the auto-balancer excites almost per-
fect dual-frequency vibrations. Deviations from the dual-frequency 
law are proportional to the ratio of loads’ mass to the mass of the 
entire machine and do not exceed 2 %. 

It was established that at small forces of external and internal 
resistance, when the loads’ mass is much smaller than the platform’s 
mass, etc., there are three characteristic rotor speeds. These speeds 
are larger than the resonance velocity of platform oscillations. At 
the same time:

– at the rotor speeds smaller than the first characteristic speed, 
there is only frequency when the loads get stuck, in this case it is 
smaller than the resonance velocity of platform oscillations;

– at the above-resonance rotor speeds, located between the first 
and the second characteristic speeds, there are three frequencies 
when the loads get stuck, among which only one is below-resonance;

– at the above-resonance rotor speeds, located between the sec-
ond and the third characteristic speeds, there are three frequencies 
of the loads getting stuck, in this case, they are all above-resonance;

– at the above-resonance rotor speeds, exceeding the third char-
acteristic speed, there is only one frequency when the loads get stuck, 
in addition, it is above-resonant and close to the rotor speed.

Only at the rotor speeds smaller than the second characteristic 
speed, there always exists one, and only one, below-resonance fre-
quency of the loads getting stuck. 

Keywords: inertial vibration exciter, dual-frequency vibration, 
resonance vibratory machine, auto-balancer, single-mass vibratory 
machine, Sommerfeld effect.
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distributed to diverse products of mechanical engineering and 
other industries.

Keywords: computer variant dynamic formation, aircraft wing, 
structural and parametric geometric modeling.

 
Refrences 

1.	 Ketul, B. B., Dipal, M. P., Nirmit, K. S. (2014). Parametric modelling 
of Oldham coupling. International Journal of Innovative Research in 
Science, Engineering and Technology, 3 (2), 9120–9125.

2.	 Popescu, D. I., Chioltean, L. (2013). Design Configuration under 
Parametric Control. Scientific Bulletin of the Politehnica University 
of Timisoara, Transactions on Hydrotechnics, 58 (72), 67–70.

3.	 Pomazan, V. (2013). Assembly Top Down Design in Parametric 
CAD. Scientific Bulletin of the Politehnica University of Timisoara, 
Transactions on Hydrotechnics, 58 (72), 153–156.

4.	 Sun, W., Ma, H., Li, C., Wen, B. (2009). Study on Parametric Model-
ing Based on Visual Optimization Design of Mechanical Product. 
2009 Second International Conference on Intelligent Computation 
Technology and Automation. doi: 10.1109/icicta.2009.304 

5.	 Gavrilă, C. C. (2016). 3D modeling, fem analysis and detail design for 
a testing device with spherical joint. Annals of the oradea university. 
Fascicle of Management and Technological Engineering., Volume 
XXV (XV), 2016/1 (1). doi: 10.15660/auofmte.2016-1.3201 

6.	 Vanin, V. V., Virchenko, H. A. (2009). Vyznachennia ta osnovni 
polozhennia strukturno-parametrychnoho heometrychnoho modeli-
uvannia. Heometrychne ta kompiuterne modeliuvannia, 23, 42–48.

7.	 Vanin, V. V., Virchenko, H. A. (2014). Strukturno-parametrychni 
heometrychni modeli yak zasib intehratsiy avtomatyzovanoho pro-
ektuvannia suchasnoho litaka. Visnyk Khersonskoho nats. tekhn. 
un-tu., 3, 571–574.

8.	 Taras, I. P., Virchenko, V. G. (2013). Computer combinatorial-vari-
ation geometric modeling of engineering objects. Scientific Bulletin 
of the Politehnica University of Timisoara, Transactions on Hydro-
technics, 58 (72), 173–176.

9.	 Vanin, V. V., Virchenko, H. I., Virchenko, S. H. (2014). Variantne 
modeliuvannia heometrychnykh obiektiv metodom poliparametry-
zatsiy. Problemy informatsiynykh tekhnolohiy, 2, 76–79.

10.	 Shambina, S. L., Virchenko, V. G. (2013). Modul’noe variantnoe 
geometricheskoe modelirovanie slozhnyh tekhnicheskih ob’ektov. 
Vestnik Rossiyskogo universiteta druzhby narodov, 2, 5–8.

DOI: 10.15587/1729-4061.2017.117664
COMPUTER VARIANT DYNAMIC FORMING OF 
TECHNICAL OBJECTS ON THE EXAMPLE OF  
THE AIRCRAFT WING (p. 67-73)

Volodymyr Vanin
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-7008-7269

Gennadii Virchenko
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-9586-4538

Serhii Virchenko
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-9320-4664

Andrii Nezenko
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-2403-477X

This article describes a mathematical apparatus of dynamic 
formation of technical objects on the basis of a study that has 
devised it with the aim to improve and develop computerized 
structural and parametric geometric models by appropriate inte-
gration with their available mathematical support. The practical 
value of the obtained results consists in creating a methodology 
for computer variant dynamic shaping, which helps flexibly com-
bine the designing and manufacturing of technical objects, as is 
illustrated by the example of the wing of an aircraft. The proposed 
techniques provide an automated design of the wing surface and 
a computer simulation of such technological operations for manu-
facturing a centreplane longeron as cutting, pressure treatment, 
assembly, etc. The created structural and parametric geometric 
models contribute to the multicriteria optimization of technical 
objects throughout the lifecycle. The described approach can 
also be used for the computer variant dynamic formation of such 
structural units of the airframe as ribs, panels, sections, bends, and 
the like. Through further studying, the research materials can be 


