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The ability of energy absorption can be used to measure the 
strength of material against ballistic impact. This paper aims 
to analyze the rubber plated energy absorption plate that was 
shot with deformable projectiles. This study was conducted us-
ing numerical simulations based on the finite element that have 
been verified with experimental results. The simulation setting 
on a steel plate with different hardness with the addition of rub-
ber thickness is prepared as a ballistic test panel. Manufacturing 
between layers made non fix with the back plate. Panel shot by 
using 5.56×45 mm deformable caliber bullet with a distance of  
15 m of normal attack angle. The finite element code with 
Johnson-Cook and Mooney-Rivlin elasto-plastic material models 
was were employed to perform the simulation study. Simulation 
results show the energy due to ballistic impact received and ab-
sorbed by the panel rises significantly shortly after the collision 
until reaching a certain number on a single plate where energy 
will decrease because the projectile successfully penetrated the 
plate. While on a layered plate, after the projectile succeeded in 
penetrating the front side plate, the absorption energy reached 
the maximum number and then remained constant, which caused 
the projectile not to be able to penetrate the next layer. These 
findings indicate that the addition of rubber with a layered struc-
ture is able to absorb the energy of ballistic impact.

Keywords: energy absorber, hard plate, soft plate, ballistic lami-
nate plate, rubber, ballistic impact, simulation.
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We investigated the geometric model of the new technique for 
unfolding a rod structure, similar to the double spherical pendulum, 
in weightlessness. Displacements of elements occur due to the pulses 
from pyrotechnic jet engines acting on the endpoints of links. The 
motion of the obtained inertial unfolding of a rod structure was 
described using a Lagrange equation of the second kind. Given the 
conditions of weightlessness, it was built applying only the kinetic 
energy of the system.

The relevance of the chosen subject is emphasized by the need 
to choose and study the process of activation of the unfolding of a 
spatial rod structure. The proposed possible drivers are the pulse 
pyrotechnic jet engines installed at endpoints of the structure’s links. 
They are lighter and cheaper compared, for example, to electric mo-
tors or spring devices. In addition, they are more efficient economi-
cally when the process of unfolding a structure in orbit is planned to 
be performed only once.

We propose a technique for determining the parameters and ini-
tial conditions for initiating the oscillations of a double rod structure 
in order to obtain a cyclic trajectory of the endpoint of the second 
link. That makes it possible to avoid, when calculating the process of 
transformation, the chaotic movements of the structure’s elements. 
We built the time-dependent charts of change in the functions of 
generalized coordinates, as well as the first and second derivatives 
from these functions. Therefore, there is a possibility to estimate the 
force characteristics of the system at the moment of braking (lock-
ing) the process of unfolding.

The results are intended for the geometric modeling of one of the 
variants for unfolding the large-sized structures under conditions of 
weightlessness, for example, force frames for solar mirrors or space 
antennas, as well as other large-scale orbital infrastructures. 

Keywords: rod structure, the process of unfolding in space, two-
link rod structure, Lagrangian equation of the second kind.

References 

1.	 Lu, S., Zlatanov, D., Ding, X., Molfino, R. (2014). A new family of 
deployable mechanisms based on the Hoekens linkage. Mechanism 
and Machine Theory, 73, 130–153. doi: https://doi.org/10.1016/ 
j.mechmachtheory.2013.10.007 

2.	 Tibert, G. (2002). Deployable tensegrity structures for space applica-
tions. Stockholm, 242.

3.	 Szuminski, W. (2012). Dynamics of multiple pendula. University of 
Zielona Gora, Olsztyn, 57.

4.	 Szuminski, W. (2013). Dynamics of multiple pendula. University of 
Zielona Gora, Olsztyn, 32.

5.	 Szuminski, W. (2014). Dynamics of multiple pendula without grav-
ity. Conference: Conference: Chaos 2013, Volume: Chaotic Model-
ing and Simulation (CMSIM), 1, 57–67. Available at: https:// 
www.researchgate.net/publication/285143816_Dynamics_of_ 
multiple_pendula_without_gravity

6.	 Martınez-Alfaro, H. Obtaining the dynamic equations, their simula-
tion, and animation for N pendulums using Maple. Available at: http://
www2.esm.vt.edu/~anayfeh/conf10/Abstracts/martinez-alfaro.pdf

7.	 Lopes, A. M., Tenreiro Machado, J. A. (2016). Dynamics of the  
N-link pendulum: a fractional perspective. International Journal of 
Control, 90 (6), 1192–1200. doi: https://doi.org/10.1080/0020717
9.2015.1126677 

8.	 Yan, X., Fu-ling, G., Yao, Z., Mengliang, Z. (2012). Kinematic 
analysis of the deployable truss structures for space applications. 
Journal of Aerospace Technology and Management, 4 (4), 453–462. 
doi: https://doi.org/10.5028/jatm.2012.04044112 

20.	 López-Puente, J., Arias, A., Zaera, R., Navarro, C. (2005). The 
effect of the thickness of the adhesive layer on the ballistic limit 
of ceramic/metal armours. An experimental and numerical study. 
International Journal of Impact Engineering, 32 (1-4), 321–336. 
doi: https://doi.org/10.1016/j.ijimpeng.2005.07.014 

21.	 Morye, S. S., Hine, P. J., Duckett, R. A., Carr, D. J., Ward, I. M. 
(2000). Modelling of the energy absorption by polymer composites 
upon ballistic impact. Composites Science and Technology, 60 (14), 
2631–2642. doi: https://doi.org/10.1016/s0266-3538(00)00139-1 

22.	 Liu, W., Chen, Z., Cheng, X., Wang, Y., Amankwa, A. R., Xu, J. 
(2016). Design and ballistic penetration of the ceramic composite 
armor. Composites Part B: Engineering, 84, 33–40. doi: https:// 
doi.org/10.1016/j.compositesb.2015.08.071 

23.	 Haro, E. E., Odeshi, A. G., Szpunar, J. A. (2016). The energy absorp-
tion behavior of hybrid composite laminates containing nano-fillers 
under ballistic impact. International Journal of Impact Engineering, 
96, 11–22. doi: https://doi.org/10.1016/j.ijimpeng.2016.05.012 

24.	 Johnson, G. R., Cook, W. H. (1983). A Constitutive Model and Data 
for Metals Subjected to Large Strains, High Strain Rates, and High 
Temperatures. Proceedings 7th International Symposium on Ballis-
tics, 541–547.

25.	 Treloar, L. R. G. (1944). Stress-strain data for vulcanised rubber 
under various types of deformation. Transactions of the Faraday 
Society, 40, 59. doi: https://doi.org/10.5254/1.3546701 

26.	 Guo, Z., Sluys, L. J. (2008). Constitutive modelling of hyperelastic 
rubber-like materials. Heron, 53 (3), 109–132. 

27.	 Børvik, T., Dey, S., Clausen, A. H. (2009). Perforation resistance 
of five different high-strength steel plates subjected to small-arms 
projectiles. International Journal of Impact Engineering, 36 (7), 
948–964. doi: https://doi.org/10.1016/j.ijimpeng.2008.12.003 

DOI: 10.15587/1729-4061.2018.139595
GEOMETRIC MODELING OF THE UNFOLDING OF 
A ROD STRUCTURE IN THE FORM OF A DOUBLE 
SPHERICAL PENDULUM IN WEIGHTLESSNESS (p. 13-24)

Leonid Kutsenko
National University of Civil Defense of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-1554-8848

Oleg Semkiv
National University of Civil Defense of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-9347-0997

Vitalii  Asotskyi
National University of Civil Defense of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-5403-3156

Leonid Zapolskiy
Ukrainian Civil Protection Research Institute, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0003-4357-2933

Olga Shoman
National Technical University  

“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-3660-0441

Nelli Ismailova
Military Academy, Odessa, Ukraine

ORCID: http://orcid.org/0000-0003-0181-4420

Volodymyr Danylenko
Kharkiv National Automobile and  

Highway University, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-4952-7498

Stanislav Vinogradov
National University of Civil Defense of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-2569-5489



76

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 4/7 ( 94 ) 2018

and Machine, 201–215. doi: https://doi.org/10.1007/978-3-642-
16259-6_16 

26.	 Egger, P., Caracoglia, L. (2015). Analytical and experimental inves-
tigation on a multiple-mass-element pendulum impact damper for 
vibration mitigation. Journal of Sound and Vibration, 353, 38–57. 
doi: https://doi.org/10.1016/j.jsv.2015.05.003 

27.	 Ludwicki, M., Kudra, G., Awrejcewicz, J. Axially excited spatial 
double pendulum nonlinear dynamics. Available at: https://www. 
researchgate.net/profile/Jan_Awrejcewicz/publication/288669893_
Axially_excited_spatial_double_pendulum_nonlinear_dynamics/
links/568b788908ae051f9afb07e4/Axially-excited-spatial-double-
pendulum-nonlinear-dynamics.pdf

28.	 Marsden, J., Scheurle, J., Wendlandt, J. Visualization of Or-
bits and Pattern Evocation for the Double Spherical Pendu-
lum. Available at: https://authors.library.caltech.edu/20096/1/ 
MaScWe1996(2).pdf

29.	 Marsden, J. E., Scheurle, J. (1993). Lagrangian reduction and 
the double spherical pendulum. ZAMP Zeitschrift for Ange-
wandte Mathematik Und Physik, 44 (1), 17–43. doi: https:// 
doi.org/10.1007/bf00914351 

30.	 Dehlin, F., Askolsson, J. (2017). Modelling and Simulation of 
Conservative Dynamical Systems by Computer Algebra Assisted 
Lagrangian Mechanics. Sweden, 80.

31.	 Double spherical pendulum. Available at: https://www.mathworks.
com/matlabcentral/fileexchange/37363-double-spherical-pendulum

32.	 Kutsenko, L., Shoman, O., Semkiv, O., Zapolsky, L., Adashevskay, I., 
Danylenko, V. et. al. (2017). Geometrical modeling of the inertial 
unfolding of a multi-link pendulum in weightlessness. Eastern-
European Journal of Enterprise Technologies, 6 (7 (90)), 42–50. 
doi: https://doi.org/10.15587/1729-4061.2017.114269 

33.	 Kutsenko, L. M. Illustrations to Geometric Modeling of Inertial 
Disclosure of Multilayer Rod Construction in Weightlessness. 
Available at: http://repositsc.nuczu.edu.ua/handle/123456789/ 
4868

34.	 Kutsenko, L., Semkiv, O., Zapolskiy, L., Shoman, O., Ismailova, N., 
Vasyliev, S. et. al. (2018). Geometrical modeling of the shape of 
a multilink rod structure in weightlessness under the influence 
of pulses on the end points of its links. Eastern-European Jour-
nal of Enterprise Technologies, 2 (7 (92)), 44–58. doi: https:// 
doi.org/10.15587/1729-4061.2018.126693 

35.	 Kutsenko, L. M. Illustrations to geometric modeling of oscillations 
of multi-faceted bar constructions in the absence of weight under 
the influence of pulses on the final points of the links. Available at: 
http://repositsc.nuczu.edu.ua/handle/123456789/6335

36.	 Kutsenko, L. M. Illustrations to the geometric modeling of the 
opening of the weightlessness of a rod construction in the form of 
a double spherical pendulum under the influence of pulses on the 
end points of its links. Available at: http://repositsc.nuczu.edu.ua/
handle/123456789/6864

37.	 Navarro Heredia, A. L. (2017). Spatial Operator Algebra in Model-
ing and Properties of 3D Inverted Pendulae. McGill University 
Montreal, Canada, 121.

38.	 Ludwicki, M., Awrejcewicz, J., Kudra, G. (2014). Spatial double 
physical pendulum with axial excitation: computer simulation 
and experimental set-up. International Journal of Dynamics and 
Control, 3 (1), 1–8. doi: https://doi.org/10.1007/s40435-014- 
0073-x 

39.	 Semkiv, O., Shoman, O., Sukharkova, E., Zhurilo, A., Fedchenko, H.  
(2017). Development of projection technique for determining the 
non-chaotic oscillation trajectories in the conservative pendu-
lum systems. Eastern-European Journal of Enterprise Technolo-
gies, 2 (4 (86)), 48–57. doi: https://doi.org/10.15587/1729-4061. 
2017.95764 

9.	 Deployable Perimeter Truss with Blade Reel Deployment Mecha-
nism (2016). NASA’s Jet Propulsion Laboratory, Pasadena, Califor-
nia. Available at: https://www.techbriefs.com/component/content/ 
article/tb/techbriefs/mechanics-and-machinery/24098

10.	 Bushuyev, A., Farafonov, B. (2014). Mathematical modeling of the 
process of disclosure of a large-scale solar battery. Mathematical 
Modeling and Numerical Methods, 2, 101–114.

11.	 Schesnyak, S., Romanov, A. (2009). Designing and calculating 
large-scale unfolding structures using software packages MSC.
Software. CADmaster, 2-3, 28–36.

12.	 Boykov, V. (2009). Program complex of automated dynamic analy-
sis of EULER multicomponent mechanical systems. CAD and 
graphics, 9, 17–20.

13.	 Zimin, V., Krylov, A., Meshkovskii, V., Sdobnikov, A., Fayzullin, F., 
Churilin, S. (2014). Features of the Calculation Deployment Large 
Transformable Structures of Different Configurations. Science 
and Education of the Bauman MSTU, 10, 179–191. doi: https:// 
doi.org/10.7463/1014.0728802 

14.	 Zel’dovich, B. Y., Soileau, M. J. (2004). Bi-frequency pendulum on 
a rotary platform: modeling various optical phenomena. Uspekhi 
Fizicheskih Nauk, 174 (12), 1337–1354. doi: https://doi.org/ 
10.3367/ufnr.0174.200412e.1337 

15.	 Petrov, A. (2005). Asymptotic integration of Hamiltonian systems. 
Mechanics of the solid, 35, 84–91.

16.	 Glukhikh, Y. (2005). Oscillations of a spherical pendulum with a 
vibrating suspension point. Mechanics of a rigid body, 35, 109–114.

17.	 Loveykin, V., Rybalko, V., Melnichenko, V. (2011). Investigation 
of the fluctuations of cargo on a flexible suspension under the 
operation of the mechanism of rotation of the jib crane. Scientific 
Bulletin of the National University of Bioresources and Natural 
Resources of Ukraine, 166, 115–121.

18.	 Jinglai Shen, Sanyal, A. K., Chaturvedi, N. A., Bernstein, D., Mc-
Clamroch, H. (2004). Dynamics and control of a 3D pendulum. 
2004 43rd IEEE Conference on Decision and Control (CDC) 
(IEEE Cat. No.04CH37601). doi: https://doi.org/10.1109/cdc. 
2004.1428650 

19.	 Chaturvedi, N. A., McClamroch, N. H. (2007). Asymptotic stabi-
lization of the hanging equilibrium manifold of the 3D pendulum. 
International Journal of Robust and Nonlinear Control, 17 (16), 
1435–1454. doi: https://doi.org/10.1002/rnc.1178 

20.	 Chaturvedi, N. A., Lee, T., Leok, M., McClamroch, N. H. (2010). 
Nonlinear Dynamics of the 3D Pendulum. Journal of Nonlinear 
Science, 21 (1), 3–32. doi: https://doi.org/10.1007/s00332-010-
9078-6 

21.	 Náprstek, J., Fischer, C. (2013). Types and stability of quasi-
periodic response of a spherical pendulum. Computers & Struc-
tures, 124, 74–87. doi: https://doi.org/10.1016/j.compstruc.2012. 
11.003 

22.	 Consolini, L., Tosques, M. (2009). On the exact tracking of the 
spherical inverted pendulum via an homotopy method. Systems &  
Control Letters, 58 (1), 1–6. doi: https://doi.org/10.1016/j.sysconle. 
2008.06.010 

23.	 Anan’evskii, I. M., Anokhin, N. V. (2014). Control of the spatial 
motion of a multilink inverted pendulum using a torque applied 
to the first link. Journal of Applied Mathematics and Mechanics, 
78 (6), 543–550. doi: https://doi.org/10.1016/j.jappmathmech. 
2015.04.001 

24.	 Lee, T., Leok, M., McClamroch, N. H. (2012). Dynamics and 
control of a chain pendulum on a cart. 2012 IEEE 51st IEEE 
Conference on Decision and Control (CDC). doi: https://doi.org/ 
10.1109/cdc.2012.6427059 

25.	 Xinjilefu, Hayward, V., Michalska, H. (2010). Hybrid Stabilizing 
Control for the Spatial Double Inverted Pendulum. Brain, Body 



77

Abstract and References. Applied mechanics

3.	 Chernyakov, Yu. A., Polishchuk, A. S. (2010). Modeling superelastic 
response of shape memory alloys subjected to complex loading. Ad-
vanced problems in Mechanics of Heterogeneous Media and Thin-
Walled Structures. Dnipropetrovsk, 97–113.

4.	 Qiao, L., Radovitzky, R. (2016). Computational modeling of size-
dependent superelasticity of shape memory alloys. Journal of 
the Mechanics and Physics of Solids, 93, 93–117. doi: https:// 
doi.org/10.1016/j.jmps.2016.01.004 

5.	 Kyriakides, S., Miller, J. E. (2000). On the Propagation of Lüders 
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Complex behavior of bodies made from pseudoelastic and pseu-
doelastic-plastic materials requires the development of specialized 
algorithms for calculating the stressed-deformed state. This work 
reports the developed numerical method with enhanced accuracy for 
solving the multidimensional non-stationary problems from the the-
ory of thermo-elastic-plasticity for bodies made from pseudoelastic 
and pseudoelastic-plastic materials. This method of component-wise 
splitting, which is based on the application of the new expression 
for two-dimensional spline-functions, made it possible to improve 
the accuracy of calculations by two orders of magnitude. Subject to 
the same accuracy when calculating by the classic finite-difference 
method, a given method allows us to obtain results faster, due to the 
choice of larger steps of integration based on coordinates. This leads 
to the two orders of magnitude reduction in the number of applied 
nodes in the spatial grid, which appears important and useful from a 
practical point of view.

We recorded basic equations. These include the equation of heat 
conductivity, the equation of motion, geometric correlations. When 
constructing the physical correlations, it was assumed that the defor-
mation at a point is represented as the sum of the elastic component, 
a jump in deformation during phase transition, plastic deformation, 
and the deformation caused by temperature changes. The boundary 
and initial conditions are stated in a general form.

We have experimentally substantiated a variant of the phenom-
enological model for the behavior of a material possessing shape 
memory. This model implies a possibility to quantify complex inter-
actions between stresses, temperature, deformation, and the speed of 
loading a material, which are suitable for modeling at the continuum 
level as well. Based on it, we have resolved a qualitatively new class 
of two-dimensional non-stationary problems for materials possessing 
shape memory when then unknown magnitudes are sought in the 
form of two-dimensional strained splines. 

Keywords: pseudoelastic material, phase transitions, method 
with enhanced accuracy, two-dimensional splines.
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We have experimentally investigated the rotational-oscillatory 
vibrations of vibratory machine platform excited by the ball auto-
balancer. 

The law of change in the vibration accelerations at a platform 
was studied using the accelerometer sensors, a board of the analog-
to-digital converter with an USB interface and a PC. The amplitude 
of rapid and slow vibratory displacements of the platform was inves-
tigated employing a laser beam. 

It was established that the resonance frequency (frequency of 
natural oscillations) of the platform is: 62.006 rad/s for the platform 
with a mass of 2,000 gm; 58.644 rad/s ‒ of 2,180 gm; 55.755 rad/s ‒  
of 2,360 gm. An error in determining the frequencies does not 
exceed 0.2 %.

The ball auto-balancer excites almost perfect dual-frequency 
vibrations of a vibratory machine platform. Slow frequency corre-
sponds to the rotational speed of the center of balls around the lon-
gitudinal axis of the shaft, while the fast one ‒ to the shaft rotation 
speed, with the unbalanced mass attached to it. A dual-frequency 
mode occurs in a wide range of change in the parameters and it is 
possible to alter its basic characteristics by changing the mass of 
balls and the unbalanced mass, the angular velocity of shaft rotation. 

It has been established experimentally that the balls get stuck 
at a frequency that is approximately 1 % lower than the resonance 
frequency of platform oscillations.

Assuming the platform executes the dual frequency oscillations, 
we employed the software package for statistical analysis Statistica 
to select coefficients for the respective law. It was found that:

– the process for determining the magnitudes of coefficients is 
steady (robust); coefficients almost do no change when altering the 
time interval for measuring the law of a platform motion;

– the amplitude of accelerations due to the low oscillations is 
directly proportional to the total mass of the balls and the square of 
the frequency at which balls get stuck;

– the amplitude of rapid oscillations is directly proportional to 
the unbalanced mass at the auto-balancer’s casing and to the square 
of angular velocity of shaft rotation.

The discrepancy between the law of motion, obtained experi-
mentally, and the law, obtained using the methods of statistical anal-
ysis, is less than 3 %. The results obtained add relevance to both the 
analytical studies into dynamics of the examined vibratory machine 
and to the creation of the prototype a vibratory machine. 

Keywords:inertial vibration exciter, dual-frequency vibrations, 
resonance vibratory machine, auto-balancer, inertial vibratory machine.
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When designing spatial structures, it is necessary to know the 
stressed-strained state of a body. These problems include the calcula-
tion schemes, in which there is a half-space with cylindrical cavities, 
at the boundaries of which the contact type conditions are assigned. 
The segment of such problems is not enough researched and requires 
further attention. 

The analytical and numerical algorithm for solving a special 
problem of the theory of elasticity for a half-space with cylindrical 
cavities was proposed in this paper. Radial displacements and tan-
gential stresses are assigned at the boundaries of cavities, and one of 
the two types of the boundary conditions – displacement or stress –  
is assigned at the half-space boundary. Calculations revealed the 
stressed-strained state of the half-space.

Under the fixed geometrical conditions, a numerical analysis of 
the three variants of the problem, when displacements are assigned 
at the half-space boundary, and of the tree variants of the problem, 
when stresses are assigned at the half-space boundary, was conduct-
ed. A comparative analysis of the variants with different boundary 
conditions was carried out. 

It was found that at the boundary conditions of the contact type, 
assigned at the boundaries of cylindrical cavities, if the assigned 
displacement function and the assigned function of stresses are the 
same, the boundary conditions at the half-space boundary in the 
form of stresses have more influence of the stressed state that bound-
ary conditions in the form of displacements. It was also established 
that at different kinds of the assigned boundary conditions (stresses 
or displacements), stresses φσ  and σ z  on the surface of applying 
such conditions change for the opposite, that is, from stretching to 
compressing and vice versa. 

The presented analysis can be used during designing the struc-
tures, in the calculation schemes of which there is a half-space 
boundary with boundary conditions of the contact type, assigned on 
it, and cylindrical cavities, on the surfaces of which displacements 
and stresses are assigned. 

Keywords: cylindrical cavities in half-space, Lame’s equation, 
generalized Fourier method, infinite systems of linear algebraic 
equations. 
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ing modes of the hydraulic system and the design implementa-
tion of the mechatronic modules of these systems. Quality of the 
mechanically driven mechatronic system is largely determined by 
its dynamic characteristics. In order to improve dynamic charac-
teristics, a universal model describing dynamic and static processes 
occurring in the elements of the mechatronic system was proposed. 
The pump, the hydraulic motor, the safety valve and the working 
fluid are considered interrelated as a single whole. The universal 
model takes into account peculiarities of functioning and mutual 
influence of all elements of the mechatronic system as well as the 
features of the working fluid and can be used with any hydraulic 
machines of a volumetric action. The study of dynamics of the 
changes in functional parameters of the mechanically driven me-
chatronic system was carried out for four stages of its operation: 
acceleration of the hydraulic drive (triggering of the safety valve); 
valve closure; completion of acceleration and steady-state opera-
tion. The conducted studies have established that when activating 
the hydraulic drive of the mechatronic system from the moment of 
the safety valve activation and to its closure, operating conditions 
do not affect changes in the functional parameters. In the steady-
state operation, there are fluctuations caused by unevenness of the 
pump feed and load fluctuations. It should also be noted that the 
mechatronic system with a hydraulic motor having larger working 
volume has better dynamic characteristics than that with smaller 
working volume.

Keywords: hydraulically driven mechatronic system, universal 
model, functional parameters, dynamic characteristics.
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The growing demands to performance of mechatronic systems 
with a hydraulic drive of movable operating elements of self-
propelled machines require application of new approaches to the 
process of their development and design. Functional parameters 
of the mechatronic systems depend on a rational choice of operat-
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complex hydrodynamic processes. A change in the magnitude of the 
trapped volume leads to the occurrence of fluid compression, as well 
as its rarefaction. Reducing the pressure in a fluid below the level of 
a saturated vapour pressure results in the emergence of cavitation in 
it. In addition, the result of gear rotation is the vortex motion of fluid 
that leads to eddies, in the centre of which there is a reduction in 
pressure; in other words, vortices are the potential embryos of cavita-
tion. High-speed video registration makes it possible to consider in 
detail the process of emergence and growth of cavitation phenomena 
in a trapped volume, to explore the dynamics of deformation of a 
cavitation bubble and a cavity, formed in the trapped volume.

Based on the results of processing the sequences of frames ac-
quired in the course of this study, we derived dependences that show 
the character of change in the size of a cavitation bubble and a cavity. 
The constructed dependences are non-linear and have points of an 
extremum. The extremum in the time-dependent chart is observed 
after opening the trapped volume, meaning that it would take some 
time (approximately 1 ms) for the pressure in a intertooth cavity to 
grow. In this case, the extremum is observed almost simultaneously 
both for the deformation of the cavity and the deformation of a single 
bubble. The radius of a bubble in a liquid depends on individual 
factors, namely, properties of the fluid and the pressure magnitude, 
which can be calculated by applying the dependences, given in this 
work, depending on the conditions for the occurrence of cavitation.

Keywords: gear pump, trapped volume, vortex, video registra-
tion, cavitation, cavitation bubble.
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To ensure safe transportation of compressed natural gas, we 
proposed, based on the results of studies conducted, the algorithm 
for a method for the evaluation of combined type tanks. The method 
implies determining parameters of the state of gas in the process of 
filling a tank, taking into consideration heat exchange processes and 
evaluation of the stressed-strained state of the tank, considering 
the operating conditions and the results of technical inspection. To 
implement the method, the tools for detecting and determining the 
shape and dimensions of probable corrosive damages of the metal 
liner surface under the composite shell were used. It was proposed to 
assess the stressed-strained state of tanks, taking into consideration 
the operating conditions, through the development and analysis of 
relevant models. The possibility of obtaining reliable results in the 
presence of available mechanisms was proved by our own research 
into the patterns of loading and unloading processes. To verify 
correctness of construction of the simulation model at the stage of 
studying the stressed-strained state of the tank with consideration 
of the actual operating conditions, we proposed the mathematical 
model that takes into consideration conditions for the interaction 
between elements of the structure, the effect of internal gas pres-
sure and temperature. The use of the model decreases the costs of 
experimental research and contributes to ensuring the reliability of 
simulation results. The advantage of this method is determining the 
estimated destruction pressure of the combined type tanks at the 
current state of the dangerous areas and the influence of operating 
conditions. The practical significance of the obtained results is deter-
mined by the possibility of their application to ensure serviceability 
at the design stage and when tanks are in operation.

Keywords: combined type tanks, operating conditions, corro-
sive damage, simulation, serviceability.




