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The object of research is the technological process of improving
the reliability of the recovery of ploughshare disks of grain seeders
by vibration hardening. One of the most problematic places is the
lack of knowledge of this process in the restoration of agricultural
machinery. For the emergence of a deeper understanding of the pro-
cess of vibration hardening of the material of parts, it is necessary to
conduct experimental studies on the effect of processing parameters
on the hardening degree.

In the course of research, the process of vibration hardening of
the weld surface is carried out on a vibration installation made by the
authors of this study. To select processing parameters and determine
their optimal values, microstructural studies of the disk material are
carried out. The main parameters of hardening are revealed and sub-
stantiated: amplitude and frequency of oscillations of the processing
tool, hardening time, and their values are determined: A=0.5 mm;
n=1400 min !; =20 s.

As a result of the research, it is established that during vibration
hardening, the structure of the material is more fine-grained. The
increase in microhardness on the surface of the deposited layer can
be explained by the greater fragmentation of grains and an increase
in their number. This, in turn, causes the activation of dislocations in
all grains adjacent to the surface. During vibration deformation, the
length of the grain boundaries increases and thereby more dislocation
slip zones are formed. This can explain the hardening mechanism.

The evaluation of the operational reliability of the disks on
the following indicators: the performance per season and the coef-
ficient of technical use. For seeders with discs restored by welding
segments with sormite surfacing and vibration strengthening, the
coefficient of technical use is 1.053 times higher than for seeders with
new discs.

Thanks to the use of the developed restoration technology, it
is possible to reduce the blade blunting speed by 1.49-1.70 times.
This provides an increase in the operation time. Compared with
similar known technologies, the developed technology of vibration

hardening of blades provides the greatest wear resistance and an
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increase of 1.34 times the operating time compared to new discs.

Keywords: technological treatment process, vibration hardening,

wear resistance of parts, coefficient of technical readiness.
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The object of research is the operation of drill pipes in a complex
stress state. One of the most problematic places in this case is the
process of fatigue, that is, the gradual accumulation of damage to the
material of drill pipe under the influence of time-varying stresses.
This leads to accidents, the elimination of which is accompanied by
significant material and temporary losses.

Based on the conducted critical analysis of scientific develop-
ments on this issue, it is noted that the use of kinetic diagrams of
fatigue failure allows us to experimentally establish empirical para-
meters of fatigue of the material of drill pipe by laboratory research of
small samples. And also to take into account the influence of the front
shape of semi-elliptic and annular fatigue cracks on the residual re-
source. In addition, it is concluded that methods requiring additional
attention, taking into account the combined effect on the kinetics of
fatigue damage of normal and shear stresses.

Therefore, in the course of the research, the positions of fracture
mechanics were used. In particular, a feature of the proposed ap-
proach is the use in the formula for determining the stress intensity
factor before the front of a semi-elliptical fatigue crack in the cross
section of a tubular structure of equivalent stress, taking into account
both the normal and shear component. This same stress, determined
in accordance with the fourth theory of strength, is also used to cal-
culate the critical crack depth.

In order to assess the obtained results, a comparative calculation
is made of the number of cycles of load change required to increase
the depth of the specified crack from the initial to the critical value,
not taking into account the value of the shear stress. It is established
that the latter, with other unchanged conditions, can reduce the life
of the drill pipe by up to two times.

Thanks to the proposed method, it is possible to construct
graphical dependencies of the fatigue life of drill pipes, taking into
account the magnitude of the torque, other things being the same.

Keywords: drill pipe, shear stress, residual life, semi-elliptical
crack.
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The object of research is the operation of the drill string in the
local bend of the well. One of the most problematic aspects in this
case is the establishment of its stress-strain state. This is very impor-
tant information, which, in particular, is used to make decisions on
the duration and possibility of operating the drill string in a given
geological and technical conditions.

Based on a critical literature review, physical modeling of the
object of study was chosen to solve this problem. In particular,
a special laboratory stand was designed, manufactured and tested,
which provides:

— load model of the drill string axial tensile force and torque;

— modeling of curvilinear axes of wells with possible local exces-
ses, based on the results of industrial inclinometry and profilometry;

— measurement of stresses and deformations of the model of the
column and their interpretation to the values of the natural object.

Asamodel of a drill string, a copper tube with a weighting agent was
used to provide criterial similarity with a full-scale object. To measure
normal stresses on a drill string model, strain gauging was used. At the
same time, analog voltage values on strain gauges are digitized and trans-
ferred to a personal computer for further processing and interpretation.

With the help of the proposed laboratory stand, experimental
studies of the stress-strain state of a 127-mm drill string model in
a local bend of well No. 10 of the Odesa deposit (Ukraine) were car-
ried out. It has been established that the normal bending stresses that
arise in this case can more than three times exceed the same values
obtained without taking into account the presence of the specified
curvature of the borehole axis.

Thanks to the proposed experimental method, it is possible to
study the deformations and stresses that occur in the drill strings
during their work in wells with local axial kinks. There is no need to
apply complex analytical transformations and algorithms. In addition,
the model has the same physical nature as the object of study. This is
an extremely weighty argument, especially in the study of complex
cases of interaction between the drill string and the borehole walls.

Keywords: stress-strain state, drill string, local bend, laboratory
research.
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The object of research is the behavior of grain boundaries, the
conditions for the formation of intergranular damage and intercrys-
talline destruction of polycrystalline alloys under the influence of
force loads. The problem of creating internal boundary zones with
given thermodynamic, physical and mechanical characteristics in
alloys, the solution of which is the most promising way to improve

their properties, requires the use of mathematical modeling methods.
It is allow one to quantify the influence of chemical composition,
heat treatment and external loads on the formation of intergranular
damage to polycrystalline systems.

In the course of research based on the energy approach of des-
cribing continual media taking into account physical effects occurring
on a scale commensurate with the structural components and their
boundaries, the mathematical relationships of the model of polycrys-
talline systems are constructed. This model is the basis for calculations
and establishing the stress-strain state of the material at the meso level.
It is shown that the mechanical behavior of materials is influenced not
only by the absolute values of the parameters of the properties of indi-
vidual microvolumes of bodies, but also by their gradient.

The relationship between the presence of grain boundaries in im-
proved steels with an increased level of energy and the ability to form
intergranular damage when exposed to an external load is obtained.
A conceptual approach has been developed to control the properties
of the internal surfaces of the alloy section by changing their struc-
tural-energy state. This is due to the fact that the proposed model
and experimental dependencies are based on a physically reasonable
parameter — the relative property gradient, which determines the
segregation of impurities and the separation of phases by the density
of dislocations in the boundary zones of the grains.

The limiting values of the characteristics of local volumes of
grains, at which the ability to form intergranular damage and in-
tercrystallite destruction of alloys, is established. This ensures the
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possibility of introducing innovative technologies of grain-boundary
design of the structure of metal products. It is makes possible to
significantly increase the reliability parameters of machine parts in
comparison with the known technologies — durability, service life,
reliability with minimal economic costs.

Keywords: mathematical relationships of the model of polycrys-
talline systems, state of the grain boundaries of polycrystals, inter-
granular damage.
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The object of research is the electrophysical properties of fire-
proof composite materials of ethylene with vinyl acetate, which
include filler-flame retardants and modifiers. One of the biggest
problems is the change in the electrophysical properties of fireproof
composite materials, depending on the chemical properties and dis-
persion of fillers, fire retardants and modifiers. In order to solve this
problem, the dependence of electric strength, specific volume electri-
cal resistance, permittivity and tangent of dielectric loss angle on the
number of modifiers and properties of ingredients of polymer com-
positions is investigated. A copolymer of ethylene with vinyl acetate
is used as well as methods for determining the electrical strength,
electrical bulk resistance, dielectric loss tangent, permittivity.

The results show that the dielectric strength significantly in-
creases to 32—35 kV/mm in the case of use as fillers-flame retardants
of aluminum oxide trihydrate with a smaller average particle dia-
meter of the EVA-1-based polymer matrix and modifier 1. When
using the EVA-2-based polymer matrix, high rates (41 kV/mm)
obtained for compositions with hydromagnesite and modifier 2. The
specific volume electrical resistance varies little for modified polymer
compositions using magnesium oxide dihydrate with a smaller aver-
age particle size and modifier 2, as well as for the EVA-1 and EVA-2
polymer matrices. After exposure to moisture, the specific volume
electrical resistance has a maximum value of 1.2:10® Ohm-cm for the
EVA-1-based polymer composition, a flame retardant — aluminum
oxide trihydrate and modifier 1. The permittivity and dielectric loss
tangent have the best performance for EVA-1-based polymer compo-
sitions, hydromagnesite and modifier 2 (¢=3.3; tg=6-10"%).

This makes it possible to increase the electrical properties of
fireproof compositions for the manufacture of insulation and cable
sheaths compared with similar known materials, this reduces mate-
rial consumption by reducing thickness and makes it possible to in-
crease the economic efficiency of production of fire-resistant cables.

Keywords: modified polymer compositions, ethylene-vinyl ac-
etate copolymer, filler-flame retardants, electrophysical characte-
ristics.
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The nonlinear electric circuit with an independent controllable
electromechanical energy converter is the object of this research.
Such circuit nowadays has large practical use in many vehicles. The
developers of these vehicles conduct frequent research and calcula-
tions of these circuits during the design stage.

The one of the problems of such circuits is the complexity of its
calculations. The circuit has a few nonlinear elements: an electric
motor, a battery, and a supercapacitor. Numerical calculations of such
circuit would be extremely complex and require huge computational
power. As a result, a lot of existing models created for conducting
research of such circuits are oversimplified, which leads to inaccuracy
of energy calculations.

During this research the mathematical model of the circuit under
consideration was created to be as simple as possible with the ac-
curacy being acceptable for energy calculations. In order to achieve
this, the existed models were examined: parameters, which have weak
impact on electromagnetic processes, were neglected while momen-

tary effect, such as the impulse form of energy transformation, and
additional energy losses were taken under consideration. Thereafter
the computer model of the nonlinear electric circuit with an indepen-
dent controllable electromechanical energy converter was created
to meet the accuracy requirements for energy calculations and to be
reasonably complex at the same time.

The obtained model is more accurate for energy calculations than
most of existing models due to the accounting of the impulse wor-
king modes of the electrical converter and electromagnetic losses of
the electromechanical converter. Also due to the neglecting of some
poser supply parameters that have slight effect on the energy losses
this model is less complex then other accurate models of the circuit
under consideration. Thus, the obtained model is optimal for the
energy calculations of the nonlinear electric circuit with an indepen-
dent controllable electromechanical converter.

Keywords: nonlinear electric circuit, Li-Ton battery, supercapaci-
tor, induction motor.
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The object of research is the numerical simulation of the filtra-
tion process of oil, gas and water on adaptive grids taking into ac-
count some properties of liquids during their joint flow. To obtain an
adequate description of the processes, it is necessary simultaneously
take into account the effect of most of these factors on filtration.
Mathematically, this leads to solving the systems of nonlinear partial
differential equations, the complexity of which does not allow them
to be studied deeply enough by analytical methods. Experimental
studies of these processes are associated with lengthy and expensive
laboratory and field experiments.

One of the most problematic places in the theory of multiphase
filtration is that the spatial variable steps should be reduced in areas
of abrupt changes not only in the water saturation gradient, but also
in the gas saturation gradient. This is because due to the very low
viscosity, the free gas under the action of the gradient pressure over-
takes the rest of the components. This is because due to the very low
viscosity, the free gas under the action of the gradient pressure over-
takes the rest of the components of the mixture, such as water and oil.

An algorithm for constructing adaptive grids used, which can
be adapted to the properties of the solution. The methods of compu-
tational mathematics, including the difference-iterative method in
moving grid are used.

The numerical experiments are conducted to assess the impact
of the proposed method on the displacement and the size of the oils
shaft. The comparative analysis of the results is obtained.

Due to this, it is shown that when the oil shaft approaches to
the production well, only gas escapes from the reservoir, and as the
oil viscosity decreases, the time that the oil shaft approaches to the
production well decreases. It is also shown that with an increase in
oil viscosity, the length and growth of the oil shaft decrease, and the
decrease in comparison with that occurs at a higher rate. It is also
shown that with an increase of oil viscosity, the length /, and growth
of the oil shaft &, decrease, and the decrease of [, in comparison
with %, occurs at a higher rate. And with an increase of the filtration
rate and difference of pressure, the geometric dimensions and the
«increment» of the oil shaft increase abruptly.

Keywords: capillary forces, three-phase filtration, adaptive grid,
Thomas algorithm, viscoplastic fluid.

References

1. Mirzadzhanzade, A. Kh., Kovalev, A. G., Zaytsev, Yu. V. (1972). Oso-
bennosti ekspluatatsii mestorozhdeniy anomal’nykh neftey. Moscow:
Nedra, 200.

2. Pirmamedov, V. G. (1975). Ob odnom raznostno-iteratsionnom
metode v podvizhnykh setkakh resheniya nekotorykh nelineynykh
zadach teorii fil'tratsii i teploprovodnosti. Dep v VINITI, 2027—75.

3. Kasumov, S. Yu., Suleymanov, S. G., Niftiev, Ya. M. (1996). O pri-
menenii adaptivnoy setki k odnoy radial'noy zadachi trekhfaznoy
fil'tratsii. Izvestiya AN Azerbaydzhanskoy SSR, Seriya fiziko-tekh-
nicheskikh i matematicheskikh nauk, 139 (1-2).

4. Peery, J. H.,, Herron, E. H. (1969). Three-Phase Reservoir Simula-
tion. Journal of Petroleum Technology, 21 (2), 211-220. doi: http://
doi.org/10.2118,/2015-pa

5. Sonier, E, Ombret, O. (1973). A Numerical Model of Multiphase
Flow Around a Well. Society of Petroleum Engineers Journal, 13 (6),
311-320. doi: http://doi.org/10.2118/3627-pa

6. Klevchenya, A. A., Taranchuk, V. B. (1981). Chislennoe mode-
lirovanie protsessa neustoychivogo vytesneniya nen’yutonovskoy
nefti. Dinamika mnogofaznykh sred, 193—198.

7. Shalimov, B. V. (1975). Chislennoe modelirovanie odnomernoy trekh-
faznoy fil'tratsii. Izvestiya Akademii nauk SSSR, MZHG, 26, 59—66.

8. Douglas, J. Jr., Peaceman, D. W., Rachford, H. H. (1959). A method
for calculating multidimensional immiscible displacement. Trans. SPE
of AIME, 216, 297-308.

9. Pascal, H. (1984). Dynamics of moving interface in porous media
for power law fluids with yield stress. International Journal of En-
gineering Science, 22 (5), 577-590. doi: http://doi.org/10.1016/
0020-7225(84)90059-4

10. Elnaggar, H., Karadi, G., Krizek, R. J. (1971). Effect of non-darcian
behavior on the characteristics of transient flow. Journal of Hydrology,
13, 127-138. doi: http://doi.org/10.1016,/0022-1694(71)90210-1

11. Shutler, N. D. (1969). Numerical, Three-Phase Simulation of the
Linear Steamflood Process. Society of Petroleum Engineers Journal,
9 (2), 232—246. doi: http://doi.org/10.2118,/2233-pa

12. Lapin, V. (1979). Ob issledovanii nekotorykh nelineynykh zadach
teorii fil'tratsii. Zhurnal vychislitel’noy matematiki i matematicheskoy
fiziki, 19 (3), 689-700.

13. Abou-Kassem, J. H., Farouq-Ali, S. M. (2006). Petroleum Reservoir
Simulations. Gulf Publishing Company, 445.

14. Samarskiy, A. A. (1984). Teoriya raznostnykh skhem. Moscow: Nauka,
656.

15. Killough, J. E. (1976). Reservoir Simulation With History-Depen-
dent Saturation Functions. Society of Petroleum Engineers Journal,
16 (1), 37-48. doi: http://doi.org/10.2118 /5106-pa

DOI: 10.15587/2312-8372.2019.157865

DIAGNOSTICS OF THE PRE-FAULT SITUATION OF THE
BOLTED CURRENT-CARRYING JOINT IN THE CONDITIONS OF
CHANGING REGIME PARAMETERS

page 50-57

Kryvonosov Valerii, PhD, Associate Professor, Department of
Biomedical Engineering, Pryazovskyi State Technical University,
Mariupol, Ukraine, e-mail: Yhtoerf007@ukrnet, ORCID: http.//
orcid.org/0000-0002-8219-021X

The object of research is the methods of non-destructive moni-
toring of the state of a bolted current-carrying joint under conditions
of dynamically changing current load conditions and ambient tempe-
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rature. One of the most problematic places in the modern conditions
of economic development of enterprises is the reduction in the ac-
cident rate of production due to the weakening of the bolted current-
carrying joint. Studies of the causes of stopping electrical equipment
at a number of ferrous metallurgy enterprises, mining and processing
complexes, in medical institutions have shown that in 1.5-2 % of cases
the cause of an emergency shutdown of electrical equipment is the
weakening of the bolted current-carrying joint. The main problem of
the bolted current-carrying joint is the mechanical weakening of the
contact density. The appearance of a temperature gradient in the place
of a bolted joint is influenced by climatic parameters and dynamically
changing modes of operating current loads and network voltage.

The study of operating parameters of the network and load cur-
rents is based on the use of a technique for monitoring the quality of
electricity indicators using self-recording spectrum analyzers. In this
study, the spectrum analyzer Fluk 435 (Ukraine) is used, the charac-
teristics of which correspond to the ISO 9001 measurement system
certificate. Statistical processing methods are used as the basis for
processing the experimentally obtained data.

In the course of the study, the inequality between the measured
temperature of the bolted current-carrying joint and the calculated
temperature of the serviceable joint is determined. The inequality is
fulfilled in the sections, the stationarity of which is determined for de-
terministic and random modes of change of the controlled parameters.
The functions of Boolean variables are compiled, the disjunctive func-
tions that determine the normal and pre-crash modes of the bolted
joint are minimized. The obtained theoretical results allow developing
algorithms and devices for diagnosing and protecting equipment.

This provides the opportunity to reduce the accident rate of the
equipment. Compared with similar well-known protection equipment,
taking into account the modes of load currents, mains voltage and
ambient temperature provides a high sensitivity and accuracy of detec-
ting the initial moment of loosening of a bolted current-carrying joint.

Keywords: weakening of bolted current-carrying joint, state diag-
nostics, random and deterministic mode of load current.
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