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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 5.56x45 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.
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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.

Tt 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 6, and &, 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.

References

1. Karadeniz, Z. H., Kumlutas, D. (2007). A numerical study on the
coefficients of thermal expansion of fiber reinforced composite ma-
terials. Composite Structures, 78 (1), 1-10. doi: https://doi.org/
10.1016/j.compstruct.2005.11.034

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Noda, N.-A., Nisitani, H., Takase, Y., Shukuwa, Y.-A. (2005). Two-
dimensional and axisymmetric unit cell models in the analysis
of composite materials. Composite Structures, 69 (4), 429-435.
doi: https://doi.org/10.1016/j.compstruct.2004.08.034

. Podkovalikhina, O. O. (2009). Osesymetrychni kraiovi zadachi dlia

pruzhnoi bahatosharovoi osnovy z tsylindrychnym vkliuchenniam.
Dnipropetr. nats. universytet im. O. Honchara, 164.

. Popov, G. Ya,, Vaysfel'd, N. D. (2014). Osesimmetrichnaya zadacha s

cilindricheskim vklyucheniem pri uchete ee udel'nogo vesa. Priklad-
naya mekhanika, 50 (6), 27-38.

. Zaletov, S. V. (2016). Osesimmetrichnaya zadacha o deystvii

normal’noy nagruzki na izotropnoe poluprostranstvo s uprugo zakre-
plennoy granicey. Taganrogskiy institut imeni A. P. Chekhova, 157.

. Eskandari-Ghadi, M., Mahmoodian, M. (2012). Analytical Solution

of Time-Harmonic Torsional Vibration of a Cylindrical Cavity in a
Half-Space. World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering,
6 (1), 184-189.

. Zhao, M., van Dalen, K. N., Barbosa, J. M., Metrikine, A. V. (2017).

Semi-analytical Solution for the Dynamic Response of a Cylindrical
Structure Embedded in a Homogeneous Half-Space. Environmental
Vibrations and Transportation Geodynamics, 369—-388. doi: https://
doi.org/10.1007/978-981-10-4508-0_35

. Coskun, 1., Engin, H., Ozmutlu, A. (2011). Dynamic Stress and

Displacement in an Elastic Half-Space with a Cylindrical Cav-
ity. Shock and Vibration, 18 (6), 827-838. doi: https://doi.org/
10.1155/2011,/904936

. Yang, Z., Jiang, G., Tang, H., Sun, B., Yang, Y. (2017). Dynamic

analysis of a cylindrical cavity in inhomogeneous elastic half-space
subjected to SH waves. Mathematics and Mechanics of Solids,
108128651773952. doi: https://doi.org/10.1177 /1081286517739520
Meleshko, V. V., Tokovyy, Y. V. (2012). Equilibrium of an elastic
finite cylinder under axisymmetric discontinuous normal loadings.
Journal of Engineering Mathematics, 78 (1), 143—166. doi: https://
doi.org/10.1007/s10665-011-9524-y

Khoroshun, L. P. (2000). Mathematical models and method of
the mechanics of stochastic composites. International Applied
Mechanics, 36 (10), 1284—1316. doi: https://doi.org/10.1023/
a:1009482032355

Nikolaev, A. G., Procenko, V. S. (2011). Obobshchennyy metod Fur’e
v prostranstvennyh zadachah teorii uprugosti. Kharkiv, 344.
Nikolaev, A. G., Shcherbakova, Yu. A. (2010). Obosnovanie
metoda Fur'e v osesimmetrichnyh zadachah teorii uprugosti dlya
transversal no-izotropnyh tel, ogranichennyh poverhnost’yu parabo-
loida. Otkrytye informacionnye i komp’yuternye integrirovannye
tekhnologii, 48, 180—190.

Shcherbakova, Yu. A, Shekhvatova, E. M. (2015). Sravnitel'niy anal-
iz NDS mnogosvyaznyh transversal'no-izotropnyh tel s razlichnymi
uprugimi harakteristikami. Visnyk Zaporizkoho natsionalnoho uni-
versytetu, 2, 253-261.

Nikolaev, A. G., Shcherbakova, Yu. A. (2009). Apparat i prilozheni-
ya obobshchennogo metoda Fur’e dlya transversal’no- izotropnyh
tel, ogranichennyh ploskost'yu i paraboloidom vrashcheniya. Mat.
metody ta fiz.-mekh. polia, 52 (3), 160-169.

Nikolaev, A. G., Shcherbakova, Yu. A., Yuhno, A. 1. (2006). Deystvie
sosredotochennoy sily na transversal’no-izotropnoe poluprostrans-
tvo s paraboloidal’nym vklyucheniem. Voprosy proektirovaniya i
proizvodstva konstrukeiy letatel'nyh apparatov, 2 (45), 47-51.
Nikolaev, A. G., Orlov, E. M. (2012). Reshenie pervoy osesimmetrich-
noy termouprugoy kraevoy zadachi dlya transversal’no-izotropnogo
poluprostranstva so sferoidal’'noy polost’yu. Problemy obchysliuval-
noi mekhaniky i mitsnosti konstruktsiy, 20, 253—259.

Procenko, V. S., Ukrainec, N. A. (2015). Primenenie obobshchennogo
metoda Fur’e k resheniyu pervoy osnovnoy zadachi teorii uprugosti



v poluprostranstve s cilindricheskoy polost’yu. Visnyk Zaporizkoho

natsionalnoho universytetu, 2, 193-202.

19. Miroshnikov, V. Yu., Medvedieva, A. V., Voronchikhina, S. O., Olesh-
kevych, S. V. (2012). Vyznachennia NDS v pruzhnomu pivpros-
tori z tsylindrovymy porozhnynamy. Naukovyi visnyk budivnytstva,
68, 156-162.

20. Miroshnikov, V. Yu. (2018). Druha osnovna zadacha teoriyi pruzh-
nosti u pivprostori z dekilkoma paralelnymy kruhovymy tsylindrych-
nymy porozhnynamy. Otkrytye informacionnye i komp’yuternye
integrirovannye tekhnologii, 79, 88-99.

21. Miroshnikov, V. Yu. (2017). Tretia osnovna zadacha teoriyi pru-
zhnosti v prostori z N paralelnymy kruhovymy tsylindrychnymy
porozhnynamy. Voprosy proektirovaniya i proizvodstva konstrukeiy
letatel'nyh apparatov, 2 (90), 89—103.

22. Miroshnikov, V. Yu. (2017). On computation of the stress-strain
state of a space weakened by a system of parallel circular cylindrical
cavities with different edge conditions. 4th International Confer-
ence «Science and practice: a new level of integration in the modern
world». Scope academic house. Sheffield, UK, 77-83.

DOL: 10.15587,/1729-4061.2018.139577

DEVELOPMENT OF THE UNIVERSAL MODEL OF
MECHATRONIC SYSTEM WITH A HYDRAULIC DRIVE
(p. 51-60)

Anatolii Panchenko
Tavria State Agrotechnological University, Melitopol, Ukraine
ORCID: http://orcid.org/0000-0002-1230-1463

Angela Voloshina
Tavria State Agrotechnological University, Melitopol, Ukraine
ORCID: http://orcid.org/0000-0003-4052-2674

Sergey Kiurchev
Tavria State Agrotechnological University, Melitopol, Ukraine
ORCID: http://orcid.org/0000-0001-6512-8118

Olena Titova
Tavria State Agrotechnological University, Melitopol, Ukraine
ORCID: http://orcid.org/0000-0002-6081-1812

Dmytro Onopreychuk
Ukrainian State University of Railway Transport, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-6314-3936

Volodymyr Stefanov
Ukrainian State University of Railway Transport, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-7947-2718

Ivan Safoniuk
Ukrainian State University of Railway Transport, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-1343-8226

Viktor Pashchenko
National Academy of the National Guard of Ukraine
ORCID: http://orcid.org/0000-0002-6859-0700

Hennadii Radionov
National Academy of the National Guard of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-1112-7456

Maksim Golubok
National Academy of the National Guard of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-9728-6460

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-

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.

References

1. Biryukov, B. N. (1977). Rotary piston hydraulic machines. Moscow:
Mechanical engineering, 152.

2. Strutinsky, V. B. (2001). Mathematical modeling of processes and
systems of mechanics. Zhitomir, 612.

3. Prokofiev, V. N,, Danilov, Yu. A., Kondakov, P. A. et. al. (1969).
Axial piston adjustable hydraulic drive. Moscow: Mechanical engi-
neering, 312.

4. Panchenko, A. I, Voloshina, A. A. (2016). Planetary rotary hydraulic
motors. Calculation and designing. Melitopol: Publishing and Print-
ing Center “Lux”, 236.

5. Popov, D. N. (1987). Dynamics and regulation of hydraulic and
pneumatic systems. Moscow: Mechanical engineering, 464.

6. Shetty, D., Manzione, L., Ali, A. (2012). Survey of Mechatronic Tech-
niques in Modern Machine Design. Journal of Robotics, 2012, 1-9.
doi: https://doi.org/10.1155/2012,/932305

7. Jiang, J., Ding, G., Zhang, J., Zou, Y., Qin, S. (2018). A Systematic
Optimization Design Method for Complex Mechatronic Products
Design and Development. Mathematical Problems in Engineering,
2018, 1-14. doi: https://doi.org/10.1155/2018 /3159637

8. Seyedhosseini, S. M., Keyghobadi, A. (2014). An integrated model
for mechatronic products in agile manufacturing system. Decision
Science Letters, 3 (4), 535-550. doi: https://doi.org/10.5267 /j.dsl.
2014.5.005

9. Sheng, L., Li, W,, Wang, Y., Fan, M., Yang, X. (2017). Dynamic Model
and Vibration Characteristics of Planar 3-RRR Parallel Manipula-
tor with Flexible Intermediate Links considering Exact Bound-
ary Conditions. Shock and Vibration, 2017, 1-13. doi: https://
doi.org/10.1155/2017/1582547

10. Liu, Y, Li, W,, Wang, Y., Yang, X., Ju, J. (2015). Dynamic Model and
Vibration Power Flow of a Rigid-Flexible Coupling and Harmonic-
Disturbance Exciting System for Flexible Robotic Manipulator
with Elastic Joints. Shock and Vibration, 2015, 1-10. doi: https://
doi.org/10.1155,/2015 /541057

11. Liu, Y. F, Li, W, Yang, X. E, Wang, Y. Q., Fan, M. B,, Ye, G. (2015).
Coupled dynamic model and vibration responses characteristic of



a motor-driven flexible manipulator system. Mechanical Sciences,
6 (2), 235-244. doi: https://doi.org/10.5194/ms-6-235-2015

12. Vidican, C. T, Tocut, D. P. (2015). The adaptive driving of mecha-
tronic systems — the dynamic model of an industrial robot. ANNALS
OF THE ORADEA UNIVERSITY. Fascicle of Management and
Technological Engineering, XXIV (XIV), 2015/3 (3). doi: https://
doi.org/10.15660,/auofmte.2015-3.13171

13. Xu, M., Chen, G, Ni, J., Liu, Y. (2013). Modeling and Analysis of a
Semiactive Power-Assisted Unit Based on Hydraulic Accumula-
tor. Advances in Mechanical Engineering, 5, 894576. doi: https://
doi.org/10.1155,/2013 /894576

14. Panchenko, A. I, Kiurchev, S. V., Milaeva, I. 1. (2006). Mathematical
model of the hydraulic unit pumping element. Proceedings of the
Tavria State Agrotechnical Academy, 35, 64—69.

15. Panchenko, A. I, Voloshina, A. A., Guyva, S. D. (2006). Mathematical
model of active working bodies of hydraulic drive of mobile equipme.
Proceedings of the Tavria State Agrotechnical Academy, 36, 165—169.

16. Inaguma, Y. (2011). Friction torque characteristics of an internal
gear pump. Proceedings of the Institution of Mechanical Engi-
neers, Part C: Journal of Mechanical Engineering Science, 225 (6),
1523 1534. doi: https://doi.org/10.1177/0954406211399659

17. Inaguma, Y. (2012). A practical approach for analysis of leak-
age flow characteristics in hydraulic pumps. Proceedings of the
Institution of Mechanical Engineers, Part C: Journal of Mechani-
cal Engineering Science, 227 (5), 980-991. doi: https://doi.org/
10.1177,/0954406212456933

18. Panchenko, A. L., Kyurchev, V. N., Obernikhin, P. V. (2006). Math-
ematical model of a safety valve of direct action. Proceedings of the
Tavria State Agrotechnical Academy, 38, 122-127.

19. Voloshina, A. A. (2012). Mathematical model of the indirect action
overload relief valve. Proceedings of the Tavria State Agrotechno-
logical University, 4 (12), 230—-239.

20. Stojek, J., Pluta, J., Jédrzykiewicz, Z. (1997). Research on the proper-
ties of a hydrostatic transmission for different efficiency models of its
elements. Acta Montanistica Slovaca, 2 (4), 373-380.

21. Voloshina, A. A. (2014). Initial conditions for simulation of the plan-
etary hydraulic rotator operation. Proceedings of the Tavria State
Agrotechnological University, 3 (14), 81-94.

DOI: 10.15587/1729-4061.2018.139583
RESEARCH INTO CAVITATION PROCESSES IN THE
TRAPPED VOLUME OF THE GEAR PUMP (p. 61-66)

Dmytro Kostiuk

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-5407-1443

Denis Kolesnikov

Cherkasy Institute of Fire Safety named after Chornobyl Heroes of
National University of Civil Defense of Ukraine, Cherkasy, Ukraine
ORCID: http://orcid.org/0000-0002-4068-3454

Serhiy Stas

Cherkasy Institute of Fire Safety named after Chornobyl Heroes of
National University of Civil Defense of Ukraine, Cherkasy, Ukraine
ORCID: http://orcid.org/0000-0002-6139-6278

Oleh Yakhno

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-9522-5549

We investigated processes in the trapped volume of the gear
pump, formed due to the peculiarities in the geometry of the invo-
lute gearing characteristic of the pumps of a given type. In the fluid
confined to a trapped volume, at gear rotation, there occur a series of

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.
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