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The harmful organisms that prevent obtaining constant harvests
of black currant are, first of all, the complex of sucking pests. The ap-
plication of insecticides for the protection of black currant plantings
against these phytophages depends primarily on the timely qualita-
tive and effective treatment using the developed specialized rolling
stock. In order to gain the desired effect, present study reports
design features, which ensure the optimality of spraying zones due
to the symmetrical double-sided arrangement of original arc-shaped
brackets with nozzles relative to the axis of motion of the unit.

Improving effectiveness in spraying the bushes of black currants
is provided by the spatial geometric location of nozzles in the layout
diagram of the specialized rolling stock with the modernized sprayer
OP-2000. For this purpose, we calculated the arc lengths of original
brackets L=1250 and the inclination angles of nozzles o.=33.3°.

As the present study revealed, the modernized sprayer OP-2000
(Ukraine) makes it possible to provide a reduction in the population
density of plants with sucking pests by 5.8 times, which increases the
harvest yield of berries by 0.8 t/ha. In this case, net profit increases
by UAH 24573 per hectare at profitability of 386 %

Keywords: black currant, phytophages, modernized sprayer,
insecticides, specialized rolling stock, sucking pests.
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The object of study is the technology of creation of claydite with
a minimal coefficient of thermal conductivity. Most problematic
is the lack of methods for determining the optimal technological
parameters of thermal treatment of raw materials to obtain claydite
with a low coefficient of thermal conductivity. The reason for this
is that the existing methods are aimed at creating mullite during
roasting of the alumina raw materials, as a substance of sufficient
strength. Although, when claydite is used as a thermal insulation
filling or as an additive to a concrete mixture, a reduction in the coef-
ficient of thermal conductivity in the formation of the structure of
claydite is more significant than the strength value. In the course of
research, we created a number of experimental samples of claydite at
different initial factors. Fire resistance was determined by comparing
the behavior of the examined and standard samples when heated.
Bulk thermal conductivity was determined by the thermal conduc-
tivity meter ITP-MG4 made by SKB Stroypribor, Russia. Strength
of the material was determined by the Rockwell method.



To determine the optimal technological parameters for the pro-
duction of claydite from the specified alumina mixture, we used the
method of experiment planning and the optimization of the resulting
equation employing the Lagrange method with the Kuhn-Tucker
conditions. Based on data received, the technology of obtaining
claydite with improved thermal-physical properties is as follows.
Clay mixture is dried to humidity of 38 % and the granules are
formed (by pressing a grid with a cell of 6x20 mm). Next, the pallet
with granules is put into a heating furnace for 15 minutes at 270 °C.
After the heating furnace, the granules are discharged into a drum
furnace, where they are roasted at temperature 1250 °C for 1.5 hours.

The results obtained make it possible to reduce the coefficient of
thermal conductivity of claydite by 2.25 times. The applied technique
could be used for future studies of samples with different additives,
including industrial waste. This in turn will allow a more effective use
of available raw materials as well as reduction in the cost of product.

Keywords: claydite, alumina, component of concrete mixtures,
optimal thermal conductivity, pore formation, thermal treatment.
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A mathematical boreability model has been developed for PDC
bits which are distinguished by exceptionally high durability in soft
and medium hardness non-abrasive rocks. It is in these rocks that oil
wells are drilled at the large Uzen deposit (Republic of Kazakhstan).

To date, numerous boreability models have been developed for
boring wells with roller bits, which realize the impact-rotational
method of borehole bottom destruction with rock chipping elements.
This method requires application of a high axial static load to the
borehole bottom in combination with the impact momentum from
the rotating roller bit.

Existing models do not take into account features of the boring
process with PDC bits, which realize destruction of the borehole
bottom by microcutting and the diamond-carbide elements opera-
tion in a self-sharpening mode.

A large array of data on boring performance with PDC bits has
been processed using mathematical statistics. As a result, a math-
ematical model has been created which takes into account greater
durability of the bits and wear depending on the drop in produc-
tivity at the measured interval of the well. The model includes three
parameters: identification of initial boring velocity, rate of velocity
drop and an exponent to which the boring time is raised.

The obtained model was confirmed by the practice of field boring
with PDC bits. A comparative evaluation of performance of the PDC
bits and the previously used roller bits in boring wells in the Uzen
field has shown that the durability of the PDC bits is 7 times higher
than that of the rollerbits and the productivity is 1.6—1.8 times higher.

The developed model is recommended for testing at other depo-
sits where PDC bits are used. The model enables prediction of per-
formance of these bits depending on the degree of wear and further
optimization of the boring process to drill wells at the lowest costs.

Keywords: borehole, boreability model, PDC bit, wear, com-
parative evaluation, roller bits.
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The vibrations of the screen box excited by the ball balancer are
experimentally investigated. The stand of the screen and two-fre-
quency vibration exciter in the form of the ball balancer has been
created for this purpose. The elastic supports of the box allow it to
perform three principal vibrational motions corresponding to three
resonant speeds of the shaft rotation: vertical rectilinear, angular
oscillatory around one of two transverse central axes of the box.

During the adjustment of the stand, it has been defined that the
ball balancer excites almost ideal two-frequency vibrations of the
screen box. The slow frequency corresponds to the rotational speed
of the balls centers around the longitudinal axle of the shaft, and the
fast one corresponds to the rotational speed of the shaft with the
unbalanced mass attached to it. The two-frequency mode arises in
a broad range of parameters and its general characteristics can be
changed by changing: the mass of the balls and unbalanced mass;
angular velocity of the shaft rotation.

It is experimentally defined that the balls get stuck at the lowest
resonance frequency, thus exciting the first form of the box vibrations.

As a result, the box makes almost pure translational rectilinear vibra-
tions and there are no angular components. In this regard, there is no
need to impose additional kinematic constraints on the box motions.

On the assumption that the box makes two-frequency vibra-
tions, in the software package for statistical analysis Statistica, the
coefficients in the relevant law have been picked up. At the same
time, it has been defined that:

—the process of determination of the coefficients values is
stable (robust), the coefficients practically do not vary with the
time interval of measurement of the law of the box motion;

— the amplitude of the slow vibrations is directly proportional to
the total mass of the balls;

— the amplitude of the fast vibrations is directly proportional to
the unbalanced mass.

The discrepancy between the laws of motion obtained experi-
mentally and with the statistical analysis methods is less than 1 %.

Keywords: inertial vibration exciter, two-frequency vibrations,
resonant vibration machine, auto-balancer, inertial screen.
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Effective way of improving the level of plant production is
composting. Therefore, it is a relevant task to create energy-saving
equipment and related technologies for the production of composts
while providing effective fermentation under conditions of agricul-
tural enterprises. However, at present, there are no machines and
equipment in Ukraine for composting the organic raw materials. In
addition, dependences of relationship between design and kinematic
parameters of working bodies of the appropriate machinery and pa-
rameters of clamps have not been explored properly.

In order to conduct analytical studies into the process of work of
a clamp turner, we applied the method of analytical modeling of its
operation process. To form the clamps of compost and their aeration,
we proposed working bodies in the form of a drum with a radial
arrangement of blades.

An analytical model of drum with a radial arrangement of blades
is proposed. The model makes it possible to establish the character
of motion of compost particles depending on geometrical parameters
of the drum and the kinematic indicators of performance. We found
the absolute flight velocity, initial throwing angle of compost partic-
les and the time of compost particles motion before leaving a blade.
Developed analytical model makes it possible to set the parameters
for loading and unloading the drum blades within a wide range of
values of design and technological parameters. Based on the analy-
sis of the model proposed, it can be argued that in order to control
a clamp height, it is necessary to change the kinematic indicators of
drum performance.

Results of the research reported here theoretically confirmed
working ability of the designed equipment; however, it needs to be
tested under industrial conditions.

Further studies should be conducted in the direction of exa-
mining the influence of equipment parameters on the reduction in
energy costs in the production of composts.

Keywords: compost clamps, blade drum, motion of a particle
along the blade, motion trajectories.

References

1. Golub, G. (2007). Ahropromyslove vyrobnytstvo yistivnykh hrybiv.
Mekhaniko-tekhnolohichni osnovy. Kyiv: Ahrarna nauka, 330.

2. Meyer-Kohlstock, D., Hadrich, G., Bidlingmaier, W., Kraft, E. (2013).
The value of composting in Germany — Economy, ecology, and
legislation. Waste Management, 33 (3), 536—539. doi: 10.1016/
j-wasman.2012.08.020

3. Li, Z, Lu, H,, Ren, L., He, L. (2013). Experimental and modeling
approaches for food waste composting: A review. Chemosphere,
93 (7), 1247-1257. doi: 10.1016/j.chemosphere.2013.06.064

4. Karadag, D., Ozkaya, B., Olmez, E., Nissila, M. E., Cakmakci, M.,
Yildiz, S., Puhakka, J. A. (2013). Profiling of bacterial community
in a full-scale aerobic composting plant. International Biodeteriora-
tion & Biodegradation, 77, 85-90. doi: 10.1016/j.ibiod.2012.10.011

5. Willekens, K., Vandecasteele, B., Buchan, D., De Neve, S. (2014).
Soil quality is positively affected by reduced tillage and compost in
an intensive vegetable cropping system. Applied Soil Ecology, 82,
61-71. doi: 10.1016/j.apsoil.2014.05.009

6. Singh, W. R, Kalamdhad, A. S., Singh, J. (2016). The preferential
composting of water fern and a reduction of the mobility of potential
toxic elements in a rotary drum reactor. Process Safety and Environ-
mental Protection, 102, 485-494. doi: 10.1016/j.psep.2016.05.002

7. Di Maria, F, Sordi, A., Micale, C. (2012). Energy production
from mechanical biological treatment and Composting plants ex-
ploiting solid anaerobic digestion batch: An Italian case study.
Energy Conversion and Management, 56, 112—120. doi: 10.1016/
j.enconman.2011.11.023

8. Kumar Singh, Y., Kalamdhad, A. S., Ali, M., Kazmi, A. A. (2009).
Maturation of primary stabilized compost from rotary drum com-
poster. Resources, Conservation and Recycling, 53 (7), 386-392.
doi: 10.1016/j.resconrec.2009.02.004

9. Shevchenko, I, Kovyazin, A., Haritonov, V. (2013). Justification of
external radius the drum aerator compost mixes. Tekhnichni systemy
i tekhnolohiyi tvarynnytstva: Visnyk kharkivs'koho Natsional’'noho
tekhnichnoho universytetu sil’s’koho hospodarstva imeni Petra
Vasylenka, 132, 292-296.

10. Shevchenko, I., Kovyazin, A., Haritonov, V., Velychko, I. (2012). Teo-
retycheskoe obosnovanye parametrov aératora kompostnykh smesey.



Zb. nauk. prats’ IMT NAAN «Mekhanizatsiya, ekolohizatsiya ta
konvertatsiya biosyrovyny u tvarynnytstvi», 2 (10), 92—109.

11. Pavlenko, S. L, Lyashenko, O. O., Povolots’kyi, A. A., Filonen-
ko, Yu. A. (2013). Novitni tekhnichni zasoby pererobky orhanich-
nykh vidkhodiv. Visnyk KhNTUSH im. P. Vasylenka «Tekhnichni
systemy i tekhnolohiyi tvarynnytstvas, 132, 193-200.

12. Pavlenko, S., Dudin, V., Akimenko, R. (2016). Monitoring of the
market and technical means of production solid organic fertilizer.
Visnyk KhNTUSH im. P. Vasylenka «Tekhnichni systemy i tekh-
nolohiyi tvarynnytstvas, 170, 34—45.

DOI: 10.15587,/1729-4061.2017.101262
ESTIMATION OF FAILURE-FREE OPERATION
OF METAL WATER PIPES (p. 35-41)

Alex Matyash

Poltava National Technical Yuri Kondratyuk University,
Poltava, Ukraine

ORCID: http://orcid.org/0000-0002-9817-8282

Iryna Usenko

Poltava National Technical Yuri Kondratyuk University,
Poltava, Ukraine

ORCID: http://orcid.org/0000-0002-6217-4423

Roman Myagkohlib

Poltava National Technical Yuri Kondratyuk University,
Poltava, Ukraine

ORCID: http://orcid.org/0000-0001-9921-6773

Sergey Kostenko

Poltava National Technical Yuri Kondratyuk University,
Poltava, Ukraine

ORCID: http://orcid.org/0000-0001-7454-7269

Calculation of reliability of water supply facilities cannot be
performed if data on the reliability of separate elements are miss-
ing. One of the ways to obtain data on the reliability of elements
is an analysis of statistical data on failures. In order to establish
quantitative indicators of reliability of water supply networks, we
analyzed statistical data on damage to water pipes in the city of
Kremenchuk, Poltava region (Ukraine). The time coverage of data
analyzed on the failures of the cast-iron and steel pipes with diameter
of 50..300 mm was 7 years. We found the main causes of failures:
for the cast-iron pipes — cement outlet from bell joints (68 %); for the
steel pipes — transverse fistulas (71 %). The mean value of specific
failure rate parameter and its interval estimates are calculated. The
weighted average value of specific failure rate parameter, regard-
less of the diameter is: 0§ =2,98 1/year-km (cast iron pipes) and
@'t =2,06 1/year-km (steel pipes). Based on analysis of the received
results, we built dependence graphs of specific failure rate parame-
ter on the diameter of a pipeline. They demonstrated that with an
increase in the diameter, specific failure rate parameter decreases.
The obtained dependences allow us to calculate reliability indicators
for other assortments of diameters of pipes. The data recieved might
be useful for calculating the failure free operation of water supply
systems, which determine reliability of water supply to consumers.

Keywords: water supply, water supply networks, metal pipes,
reliability, failure free operation, causes of failure of pipes.
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The current state of 3D technologies for manufacturing of
volumetric metal products is analyzed. It is shown that the main
advantages of additive welding technologies for obtaining three-
dimensional metal structures of complex shape in comparison with
SLM-technologies are:

— increase of the process productivity by 1-2 orders with the
same power consumption; 3—10 times reduction in the cost of equip-
ment;

—the possibility of increasing the overall dimensions of the
created parts by a factor of 10 or more;

— expansion of the range of used consumables (powders, wires,
composite materials);

— increase in the utilization factor of consumables by 20-50 %.

The main drawbacks of additive welding technologies for the
production of three-dimensional metal structures are quite large
dimensions of the heat-affected zone and the build-up layer. This
leads to the emergence of undesirable temperature gradients, the
accumulation of residual stresses and, as a result, a decrease in per-
formance. One of the methods for eliminating these drawbacks is to
increase the thermal locality of the energy source. For example, the
use of non-transferred arc plasma.

The analysis of additive plasma-arc welding technologies and
own research has shown that their advantages are:

— high (5...50 kg/h and more) performance;

—the possibility of obtaining sufficiently thin (1.5...5.0 mm)
walls with a relatively small overheating;

—about 5-fold saving of materials in combination with the
increase in the quality (for example, strength and density) of the
resulting metal parts, in comparison with the traditional methods of
mechanical manufacture.

Keywords: 3D printing, additive manufacturing, welding tech-
nologies, three-dimensional metal products
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In the problems of high-speed impact, penetration, explosion,
aerohydroelasticity and other non-stationary processes accompanied
by high strain rates, program complexes using an explicit method
for solving equations of continuum mechanics are widely used.
At present, the most promising method for modeling and calculating
such problems is the finite element method.

Explosive or mechanical creation of initial cracks in the bot-
tom part of the borehole makes it possible to reduce significantly
amount of the load necessary for fracture contributing to a more
effective development of the shoulder foot. This leads to a reduction
in subdrilling. Presence of the subdrilling increases drilling costs by
20...30 %, worsens crushing of the upper part of the rock body and
increases fracturing of the upper part of the next shoulder. However,
this method requires additional costs and complicates the process of
charging wells. One of the possible ways to simplify this method is
to form the borehole bottom with a minimum rounding radius of the
zone of interface between the borehole bottom and the wall.

It was established that the value of the relative radius of rounding
between the bottom and the walls of the borehole significantly af-
fects the character of the crack formation in the lower layers. It is
possible to overcome the problem of obtaining r.,, —0 by creating
borehole structures with a shock wave concentrator at the borehole
bottom. The conical surface of these devices will ensure making the
angle between the borehole bottom and the wall less than 90°.

Keywords: borehole, subdrilling, stress concentrator, drilling
and blasting operations, finite element method, AUTODYN.
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The numerical modeling of the technological process of stamping
and unrolling of a bearing ring is carried out. By using the method
of finite elements, we obtained a numerical solution of the problem
on thermal conductivity and the contact problem on thermo-vis-
cous-plasticity for determining the shape-changing of the billet of
a bearing ring in the process of stamping and unrolling. When mo-
deling, at each subsequent step of the solution of a boundary prob-
lem, we assign as the initial state a distribution of the temperature
field of the billet of a bearing ring, which was established at the
end of each technological operation. An analysis of distribution of
the Lagrange lines revealed changes in the distribution of fibrous
structure of the billet material of a bearing ring at sequential techno-
logical operations of die forging and unrolling. It is proposed to use
double-pass molding and, additionally, unrolling for displacing the
exit of fibers from the raceway to the surface of board and forming
the rational fibrous macrostructure of the bearing ring billet. Results
of numerical simulation with an accuracy of 4.7 % coincided with

the distribution of fibrous macrostructure of material during metal-
lographic analysis of the experimental sample of a bearing ring billet.

Keywords: bearing ring, fibrous structure, viscous plasticity,
stamping, unrolling, method of finite elements.
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