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We conducted research into, and analysis of, bearing ca-
pacity of metal corrugated structures (MCS), which are in ser-
vice in the railroads of Ukraine. To assess the stressed-strained
state of MCS, a calculation was carried out of equivalent forces
that arise from the rolling stock when there is an irregularity
in a railroad track, formed in the course of using a pipe. We ran
analysis of the MCS bearing capacity at boundary load from
the rolling stock of railroads by the indicator of influence of
the type of corrugation (corrugattion dimensions) and charac-
teristics of soils on their stressed-strained state. A calculation
of equivalent forces was conducted by the method of calcula-
tion of a railroad track by strength and stability. A mathemati-
cal algorithm was programmed by the Peterson method to
calculate the stressed-strained state of MCS. An analysis of
multi-choice calculations of the MCS strength, which is made
from the corrugated structure Multiplate MR150 with thick-
ness of corrugated sheet 6 mm and dimensions of the corruga-
tion waves 15050 mm and 380x140 mm, demonstrated that
its bearing capacity is provided. The degrees of compaction of
the soil backfill are from 0.9 to 1.0. A metal corrugated struc-
ture that is made from corrugated sheets of size 200x55 mm,
at the degree of compaction of the soil backfill 0.9, there occur
stresses that exceed the permissible. Further accumulation of
residual stresses from the action of dynamic wheel load, taking
into account time parameter, may affect the occurrence of flu-
idity of material of a metal pipe. This may lead to the formation
of its plastic irreversible deformations. Results of the MCS
bearing capacity that we received are necessary for the optimal
design of MCS, to establish the causes of occurrence of defects,
to make timely relevant engineering decisions to increase bear-
ing capacity of MCS and substantiate reasonable use of funds
for the construction or renovation of existing transport facili-
ties using metal corrugated pipes. These studies may be used
by engineers at the bridge-testing stations of Ukrainian Rail-
roads and Ukravtodor and by design organisations engaged in
the design of metal corrugated structures of large diameters.
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OPTIMIZATION OF UNIFORMLY STRESSED
STRUCTURES OF CYLINDRICAL TANKS IN CAD
(p. 10-16)

Oksana Saveleva, Yurii Khomyak,
Iraida Stanovska, Alla Toropenko, Evgeniya Naumenko

It was established that in the housings of apparatuses
that work under pressure, a flat bottom is the weakest ele-
ment, because of which it is necessary to increase its thick-
ness by 3-5 times in comparison with the wall thickness.
This is connected with the fact that under conditions of
loading of the bottoms of vessels, mechanical stresses in



them are distributed extremely unevenly. Therefore, we set
the purpose to decrease metal intensity of apparatuses at the
stage of their automated designing by creating uniformly
stressed structural elements with the retention of indices of
their reliability through rational redistribution of the used
materials inside the element, which ensures equal stress and
minimally permissible mass of the finished product.

We attempted to solve this problem through varying one
of the main design characteristics — thickness of the flat bot-
tom of a tank, loaded with internal pressure.

To achieve this aim, a method for the optimization of
shape of a round plate with variable thickness was developed.
It implies transition from the fixed thickness of the plate in
its center to its fixed volume. Within the method of optimi-
zation, we proposed a model of bend of a round plate with
variable thickness in the form of exponential Gauss function,
with regard to dependence of thickness in the center of a
plate on its volume.

In the method for solving the equation of plate bending,
degenerate hyper-geometric functions of Kummer and Whit-
taker are used. The method was tested in the process of real
automated design of the tank for storing caustic liquids.

Keywords: uniformly stressed components, Kummer and
Whittaker functions, plates of variable thickness, CAD.
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RESEARCH BY A 3D MODELLING OF THE SCREEN
BOX FLAT TRANSLATORY VIBRATIONS EXCITED
BY A BALL AUTO-BALANCER (p. 16-22)

Gennadiy Filimonikhin, Volodymyr Yatsun,
Mihail Lichuk, Irina Filimonikhina

The study investigates vibrations of a screen box with
its flat translational motion being excited by a ball auto-
balancer.

The CAD system Solidworks is used to develop a
3D model of a vibration machine and a dual-frequency
vibroexciter in the form of a ball auto-balancer.

The 3D modeling has helped establish the law of motion
of the center of mass of the box. The trajectory of its motion is
studied, and the tests have shown that the motion is the sum
of two circular motions:

—a slow circular motion at an angular velocity of the
balls’ rotation;

— afast circular motion at an angular velocity of the rotor
rotation.

The motion trajectory of the center of mass of the box is
an epitrochoid. The projections of the center of mass of the
box onto the coordinate axes in the motion plane allegedly
change under the law of dual-frequency vibrations.

Under the assumption that the projections of the center
of mass of the box produce dual-frequency vibrations, the
software package Statistica for statistical analysis was used
to choose the coefficients under a relevant law. Eventually, it
has been established that:

— the process of determining the values of the coefficients
is steady (robust), and the coefficients practically do not
change with changes in the time interval;



— the amplitude of slow vibrations is directly propor-
tional to the total mass of the balls;

— the amplitude of fast vibrations is directly proportional
to the unbalance on the auto-balancer body.

For both short and long intervals of time (during several
slow vibrations of the box), the discrepancy between the law
of vibrations of the center of mass of the box that was found
through the 3D modeling and the law of dual-frequency of
vibrations found by the method of statistical analysis does
not exceed 1 %.

The results of the study show that the auto-balancer
works as two independent inertial vibroexciters. The first
vibroexciter is formed by the balls that are closely pressed
to each other. They rotate around the longitudinal axis of
the shaft at the frequency of the box’s own vibrations. It
generates its slow resonant circular vibrations. The second
vibroexciter is formed by the unbalanced mass on the auto-
balancer body. It excites a fast circular motion of the box at
the speed of the shaft rotation.

Keywords: vibroexciter, dual-frequency vibrations,
3D modeling, unbalance, resonant vibration machine, auto-
balancer, screen.

References

1. Vlasova, V. V. (2007). Mineral processing. Irkutsk: IGTU, 159.

2. Lapshin, E. S., Shevchenko, A. I. (2012). Analysis of the
condition of development vibrating screening at dehydra-
tion of mineral raw materials. Geotechnical Mechanics,
101, 84—104.

3. Hou, Y., Gao, J., Liang, J. (2012). Dynamics Simulation for
Solid Conveyance of Dual-Frequency Vibrating Screen.
Advanced Science Letters, 15 (1), 391-395. doi: 10.1166/
asl.2012.4149

4. Bulat, A. F, Shevchenko, G. A. (2010). Influence polyfre-
quency oscillation sieving surfaces of vibrating screens on
separation of bulk materials. Scientific Bulletin of National
Mining University, 4, 137-143.

5. Filimonikhin, G. B., Yatsun, V. V. (2015). Method of exci-
tation of dual frequency vibrations by passive autobalanc-
ers. Eastern-European Journal of Enterprise Technologies,
4 (7 (76)), 9—14. doi: 10.15587/1729-4061.2015.47116

6. Filimonikhin, G. B., Yatsun, V. V. (2016). Investigation of
the process of excitation of dual-frequency vibrations by
ball auto-balancer of GIL 42 screen. Eastern-European
Journal of Enterprise Technologies, 1 (7 (79)), 17-23.
doi: 10.15587,/1729-4061.2016.59881

7. Filimonikhin, G., Yatsun, V., Dumenko, K. (2016). Research
into excitation of dual frequency vibrational-rotational vi-
brations of screen duct by ball-type auto-balancer. Eastern-
European Journal of Enterprise Technologies, 3 (7 (81)),
47-52. doi: 10.15587/1729-4061.2016.72052

8. Artyunin, A. 1., Khomenko, A. P, Eliseev, S. V., Ermosh-
enko, Y. V. (2015). The generalized model of vibration me-
chanics and nonlinear effect of “jam” of the pendulum at the
resonant frequencies of the mechanical system. Mechanical
Industry and Engineering Education, 1 (42), 61—67.

9. Artyunin, A. I. (1993). Research of the movement of a rotor
with the autobalancer. Mechanical engineering, 1, 15-19.
10. Artyunin, A. I, Alhunsaev, G. G. (2005). About special re-
gime of movement rigid rotor with elastic supports and pen-
dulum autobalancing. Proceedings of the higher educational

institutions. Mechanical Engineering, 10, 8—14.

11. Artyunin, A. I, Ermoshenko, Y. V., Popov, S. I. (2015). Ex-

perimental study of the effect of “jam” of the pendulum at

the resonant frequencies of the mechanical system. Modern
technologies. System analysis. Modeling, 2 (46), 20—25.

12. Ryzhik, B., Sperlingm, L., Duckstein, H. (2002). Display of
the Sommerfeld-Effect in a Rigid Rotor One-plain Autobal-
ancing Device. Proc. Of XXX Summer School “Advanced
Problems in Mechanics”, 554-563.

13. Ryzhik, B., Sperling, L., Duckstein, H. (2004). Non-syn-
chronous Motions Near Critical Speeds in a Single-plane
Autobalancing Device. Technische Mechanik, 24, 25-36.

14. Lu, C.-J.,, Tien, M.-H. (2012). Pure-rotary periodic mo-
tions of a planar two-ball auto-balancer system. Mechanical
Systems and Signal Processing, 32, 251-268. doi: 10.1016/
j-ymssp.2012.06.001

15. Lavendel, E. E. (1981). Vibration technique: Enchiridion. In
6 Vol. Vol. 4. Vibrating processes and machines. Moscow, 509.

16. Saveloy, A. A. (1960). Flat curves: Systematization, properties,
applications (reference guide). Moscow: FIZMATLIT, 293.

17. Halafyan, A. A. (2007). STATISTICA 6. Statistical analysis
of data. Moscow: LLC “Binom-Press”, 512.

RESEARCH OF STABILITY AND TRANSITION
PROCESSES OF THE FLEXIBLE DOUBLE-SUPPORT
ROTOR WITH AUTO-BALANCERS NEAR SUPPORT
(p. 22-27)

Valery Goncharov, Andrey Nevdakha,
Yuriy Nevdakha, Vasiliy Gutsul

Within the discrete model the stability of main motions
and transition processes of the flexible unbalanced two-
support rotor at its balancing by two passive auto-balancers
located in close proximity to supports is investigated.

The simplified system of differential equations describing
the process of auto-balancing of the flexible rotor with respect
to four Lagrange coordinates — displacements of the shaft in
supports and the given total rotor unbalances is received.

It is shown that the received system of equations accu-
rate within designations matches the equations describing
the process of dynamic auto-balancing of the rigid rotor on
pliable supports with two auto-balancers. Therefore, main
motions of the flexible rotor on condition of their existence
are always steady on above resonance velocities of rotation.

At velocities close to any critical velocity the conditions
of existence of main motions can be violated. For expansion
of the area of stability of main motions it is necessary to in-
crease the balancing capacity of auto-balancers.

Analytically (using the roots of the characteristic equa-
tion) the assessment of duration of passing of transition
processes when balancing the flexible rotor is carried out. At
the same time, it is established that:

— transition processes are divided into: fast at which fast
relative motions of corrective weights stop and the motion of
rotor corresponding to the current given total rotor unbal-
ances of the flexible rotor is established; slow at which cor-
rective weights come to the auto-balancing positions;

— at the increase in forces of resistance to relative motion of
corrective weights duration of exit of corrective weights to the
cruiser velocity of rotor decreases and duration of arrival of cor-
rective weights to the auto-balancing position increases;

— duration of passing of transition processes does not
decrease at the reduction of the mass of corrective weights,
rigidity of supports, remoteness of supports from the center
of mass of the flexible rotor;

— duration of passing of transition processes does not
increase at the increase in the cruiser velocity of the rotor



at velocities higher than the first critical (if at the same time
the conditions of existence of main motions are not violated).

Keywords: flexible rotor, auto-balancer, auto-balancing,
main motions, stability, transition processes.
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DEVELOPMENT OF ALGORITHM FOR
CALCULATING DYNAMIC PROCESSES OF
RAILROAD TRACK DEFORMABILITY WORK
(p. 28-36)

Iryna Bondarenko

A creation of algorithm for the calculation of dynamic pro-
cesses of the track deformability is highlighted. It is a method
for the description of transfer of impact of the rolling stock on
the track. It is proposed, as a dynamic influence of the roll-
ing stock on the track, to consider a parametric impact of the
pulses that act in the point of contact between rails and wheels
and propagate maintaining the properties of elastic waves.
Characteristic features of the algorithm are the application of
principles of the theory of wave propagation in solid materials.
Due to these peculiarities, the possibility is provided for the
determination of a wave front at a non-stationary wave process
that occurs when the source of oscillations moves in a motion-
less environment and possesses the Doppler Effect with its
registration in the experiments. We took into account that the
special features of the transfer of dynamic load are:

— the period of load action on the track that defines the
frequency of pulse oscillation that is transferred to the track
design;

— variable directivity of the oscillation pulse over time,
which is predetermined by changes in mode, polarization and
waves shape at propagation. This allows us: to obtain spatial
parameters of propagation of the process of deformability in
the track design; to predict the change in the stressed-strained
state of the elements of design and the design itself depending
on the characteristics of materials and structure elements of
the track design; to solve problems about the interaction be-
tween the contacting surfaces at the propagation of loads with
regard to relations between the amplitudes of oscillations in
the transition of waves from one element to another one.

Thus, our research demonstrated the possibility of di-
rected regulation of the process of deformability of a railroad
track by changing the characteristics of materials and design
of the elements of a railroad track.

The algorithm presented complements the research on
modeling for the purpose of establishing assessment of con-
ditions of functional safety of a railroad track. Based on the
developed algorithm, further studies may be conducted for
determining the mechanical performance of elements of the
track and the track design itself from the influence of the
rolling stock for the purpose of evaluating and predicting the
terms of operation of the elements and design of the track.

Keywords: dynamic load, amplitude of oscillations, ex-
citation frequency by force pulse, oscillations propagation.
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RESEARCH OF INFLUENCE OF RANDOM CHANGE
OF ANNULAR SEAL PARAMETERS ON EFFICIENCY
OF CENTRIFUGAL PUMP (p. 37-42)

Yuliia Tarasewych, Ievgen Savchenko,
Nataliia Sovenko, Anna Savchenko

Development of reliable methods of increasing of centrifugal
pump efficiency is a very actual scientific and practical problem.
One of ways to increase reliability and efficiency of centrifugal
pump is an improvement of constructions of annular seals of
running part and methods of their calculation. Now in engi-
neering practice several approaches to research of complicated
spiral flow of liquid in the small gaps of annular seals are used.
Divergences in the conclusions of researchers are likely to be

linked with assumptions that are accepted when solving non-
linear equations of non-stationary motion of liquid in the gap of
annular seal. It is necessary to mark that divergences between
the calculation values of hydrodynamic characteristics of an-
nular seals and rotor-dynamic characteristics of pump that arise
during exploitation are first of all possible to explain by the
absence of account of possible change of geometrical parameters
of the annular seals, caused by the accepted tolerances in the
calculations. Using of probabilistic methods of calculation with
existent statistical information got on the stages of design and
operating of centrifugal pumps will allow to forecast reliability
and efficiency of centrifugal pumps taking into account influ-
ence and changing of basic operating factors.

Determination of influence of random change of annular
seal parameters on flow-rate characteristics and volume ef-
ficiency of centrifugal pump is the goal of this research. De-
pendences to determinate the flow-rate of liquid through the
annular seal are got by solving the problem of liquid flow in a
cylindrical channel with taking into account the influence of
random factors. Influence of random variations of basic geo-
metrical and regime parameters of annular seal on efficiency
pump is considered. It is shown on the example of cantilever
pump with one impeller, that its efficiency can substantially
(up to 1 %) decrease under exploitation. This decrease can be
higher in case when pump has more stages.

Keywords: centrifugal pump, annular seal, flow-rate, vol-
ume efficiency, random parameters.
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ANALYTICAL DESCRIPTION OF THE FLOW OF
THE NEWTONIAN LIQUID IN A ROUND TUBE AND
ON A HORIZONTAL PLATE (p. 43-49)

Vitaliy Budarin

The object of research is obtaining general integrals
and some particular solutions for two common flow con-
ditions of incompressible liquid — laminar and averaged
turbulent flow. Mathematical description is based on the
system of equations of motion in stresses (Navier) and its
special case for the Newtonian liquid. A condition of inte-
grating the equations is the constancy of pressure drop and
viscosity along the flow.

The block schemes of obtaining the general integrals for
flow in a pipe and turbulent flow on a plate are represented.

Are as a result, three new general integrals and four
particular solutions, which are compared with the known
equations, were found. It was shown that the integrals of
the Navier equation describe the distribution of tangen-
tial stress for turbulent flow. An analysis of solutions for
the distribution of velocity showed that the Poiseuille
equation for laminar flow in a pipe and the Blasius curve
for laminar flow on a plate are particular solutions of one
general integral. An analysis of the particular solutions
made it possible to estimate the thickness of the laminar
sublayer under turbulent flow condition. The results of
the work create prerequisites for a more detailed further
analysis of laminar and turbulent flows.

Keywords: laminar and turbulent flows, general inte-
gral, particular solutions, distribution of velocity, tangential
stresses.
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SIMULATION OF INFLUENCE OF PERTURBATION
PARAMETERS ON THE NEW DUAL-CHANNEL
CAPACITIVE MEMS GRAVIMETER PERFORMANCE
(p. 50-57)

Olena Bezvesilna, Tetiana Khylchenko,
Andriy Tkachuk, Sergii Nechai

The paper considers a new dual-channel capacitive
MEMS gravimeter of the automated aviation gravimetric
system whose accuracy exceeds that of gravimeters that ex-
ist at present. It describes in detail its design, which consists
of two identical channels. Each of them contains capacitive
elements. The connection in series of the adder, amplifier,
digital module and OC is performed by means of shielded
coaxial cables. All this provides for an increased accuracy in
measuring the anomalies of the acceleration of gravity and
eliminates the impact of error from vertical acceleration. The
simulation of the suspension with complex shape was carried
out: the magnitude of impact amounted to 10 uN, displace-
ment of the end of the elastic element equaled 0.5 um. Based
on this refinement, it is possible to accurately determine
the value of coefficient of elasticity of the folded suspen-
sion. The system was tested on stability by the Nyquist and
Hurwitz criteria. Using PC, a change in the initial signal was
examined for different values of perturbation amplitudes and
frequency for the most unfavorable resonance cases of a dual-
channel capacitive gravimeter. An analysis of data revealed
that an increase in amplitudes of horizontal acceleration does
not affect the amplitude of the forced DCG oscillations.

Thus, the aviation gravimetric system proposed pro-
vides for a significant increase in accuracy of measuring the
anomalies in the acceleration of gravity, and is appropriate
for implementation.

Keywords: dual-channel capacitive gravimeter, MEMS
gravimeter, aviation gravimetric system, acceleration of grav-
ity, sensing element.
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