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Under practical operation, electric locomotive traction
units of series PE2U quite often require, especially in recent
decades, various kinds of repair, necessitating the restoration
of fleet of these machines that are rather worn-out. That
changes the most important indicator in the work of the
machine — the distribution of masses; the resulting imbalance
of the machine can reach 30 %. Further operation of such a
locomotive leads to a decrease in its traction by 40—100 kN,
shortens the service life of the undercarriage by 8—10 years
on average, as well as requires that the speed of the machine
during operation should be reduced by 10—15 km/h.

Given the lack of an appropriate regulatory frame-
work and of recommendations in the specialized literature,
such balancing operations are actually performed iteratively,
with an arbitrary arrangement of ballast elements, which
often delays the duration of operations and leads to their
poor quality.

One of the possible solutions to resolve this issue is the
development and implementation of a special theoretical
method that would make it possible to analytically substan-
tiate the proposed structural-technological solutions related
to the arrangement of a ballast at the electric locomotive
traction unit PE2U. In this case, the ballast is composed of
individual small-size elements that are stacked in rows into
existing structural cavities in a bearing frame. The result is
a compiled so-called individual ballast map for each machine.

The proposed approach includes two stages of calcula-
tions and makes it possible to not only obtain practically
acceptable ballast location diagrams, but to also significantly
reduce the number of weighings required for the machine.
The approach has been tested on several machines at electric
locomotive traction units of PE2U over 2010-2012 and
could be officially used in the specialized regulatory do-
cumentation. Its practical error does not exceed 3 % and is
mainly predetermined by technological factors.
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The study addresses the development and substantiation
of parameters for the hopper that is installed in the techno-
logical process for producing concentrated bulk feeds. The
structures of hoppers, the ways of improving productivity
and the quality of their operation were analyzed and the
prospects for the development of this direction were de-
termined. The effectiveness of dosing was enhanced by the
modernization of the sieve hopper with a rarefied discharge
of dosed material due to the use of the openings in the form
of a five-petal epicycloid.

To determine the rational design and kinematic parame-
ters of the modernized sieve hopper, mathematical modeling
of the movement of bulk medium was carried out, conditions
of the process were selected and final mathematical expres-
sions were found. In addition to the parameters of the moving
hopper in expressions and during the experiments, the pro-
perties of bulk feeds were explored. The ranges of variation in
the sizes of the holes of the bottom and upper sieves were de-
termined, the amplitude and frequency of their oscillations,
which are the important parameters of the process of dosing
bulk feed on the proposed hopper.

The modeling results were proved by the conducted ex-
perimental research. The dependences of the performance of
a sieve hopper on its design and kinematic parameters in its
basic and upgraded versions were experimentally established.
The adequacy of the developed modeling was proved by
admissible discrepancy of the results with the experimental
results.

Using these dependences on the condition of maxi-
mum effectiveness of dosing, the ranges of variation in the
performance of the upgraded hopper, which amounted to
0.75..2.6 t/h were determined. It was established that the
use of sieves with activators enhances the performance of the
hopper by 15...44.4 %. The adequacy of the developed ma-

thematical modeling was proved by admissible discrepancy
of the results and experiments, which did not exceed 5 %.

The result of our research is the devised procedure for
studying the sieve-type hoppers, which implies a possibility
to explore the impact of shapes and sizes of openings on the
effectiveness of dosing bulk feeds.

Keywords: hopper, concentrated feed, vibratory sieve,
uniformity of dosing, sifting activators, diameter of openings,
oscillation amplitude.

References

1. Ryadchikov, V. G. (2014). Osnovy pitaniya i kormleniya
sel’skohozyaystvennyh zhivotnyh. Krasnodar: KGAU, 616.

2. Giruckiy, I. 1. (2007). Vnedrenie informacionno-upravlyay-
ushchih sistem v sel’skohozyaystvennoe proizvodstvo. Trak-
tory i sel’skohozyaystvennye mashiny, 2, 52—54.

3. Buryakov, N. P. (2009). Kormlenie vysokoproduktivnogo
molochnogo skota. Moscow: Izd-vo «Prospekt», 416.

4. Bokova, T. 1. (2008). Ispol’zovanie biologicheski aktivnyh
dobavok v racione zhivotnyh. Kormlenie sel’skohozyayst-
vennyh zhivotnyh i kormoproizvodstvo, 9, 9—10.

5. Allaberdin, 1. L., Malikova, M. G., Sharifyanov, B. G., Yar-
muhametova, Z. M. (2007). Effektivnost’ balansirovaniya
racionov korov po soderzhaniyu mineral’'nyh veshchestv.
Dostizheniya nauki i tekhniki APK, 6, 53.

6. Chekhranova, S. V., Dikusarov, V. G., Struk, V. N., Agapo-
va, O. Yu. (2012). Effektivnost’ ispol’zovaniya premiksov
v kormlenii doynyh korov. Izvestiya Nizhnevolzhskogo agro-
universitetskogo kompleksa, 28 (4).

7. Vedishchev, S. M., Kapustin, V. P, Glazkov, Yu. E. et. al.
(2015). Mekhanizaciya prigotovleniya kormov. Ch. 2. Tam-
bov: IPC FGBOU VPO «TGTU», 129.

8. Ovchinnikov, A. A., Zasypkin, Yu. E (2010). Sorghum oil-
cakes effectiveness usage in the rations of cattle young ani-
mals. Uchenye zapiski Kazanskoy gosudarstvennoy akademii
veterinarnoy mediciny im. N. E. Baumana, 126—-132.

9. Stepuk, L. Ya. (1986). Mekhanizaciya dozirovaniya v kormo-
prigotovlenii. Minsk: Uradzhay, 152.

10. Shchedrin, V. T,, Vedishchev, S. M. (1998). Mekhanizaciya
prigotovleniya kormov. Tambov: Tamb. gos. tekhn. un-t, 140.

11. Sklyarov, A. L., Korneyko, A. A., Uzhik, V. E et. al. (2005).
Teoriya i konstrukciya adaptivnogo oborudovaniya dlya
novotel'nyh korov s telyatami. Moscow: Rossel’hozakade-
miya, 205.

12. Vildman, E. K., Liyvakant, A. A. (1978). Issledovanie
dvizheniya korma v bunkere barabannogo dozatora. Me-
khanizaciya i elektrifikaciya socialisticheskogo sel’skogo
hozyaystva, 12, 25.

13. Vildman, E. K., Liyvakant, A. A. (1980). Opredelenie
celesoobraznoy formy yacheek barabannogo dozatora. Me-
khanizaciya i elektrifikaciya socialisticheskogo sel’skogo
hozyaystva, 6, 53—54.

14. Shamsiev, N. (1981). Bunkerniy porcionniy razdatchik kor-
mov dlya svinomatok. Mekhanizaciya zagotovki, prigotov-
leniya i razdachi kormov, 126—130.

15. Vedishchev, S. M., Glazkov, A. Yu., Prokhorov, A. V. (2014).
The Analysis of Forage Batchers. Vestnik universiteta
im. V. I. Vernadskogo, 1 (50), 103—108.

16. Tishchenko, L., Kharchenko, S., Kharchenko, F, Bredy-
khin, V., Tsurkan, O. (2016). Identification of a mixture of
grain particle velocity through the holes of the vibrating
sieves grain separators. Eastern-European Journal of Enter-
prise Technologies, 2 (7 (90)), 63—69. doi: https://doi.org/
10.15587/1729-4061.2016.65920



17. Tishchenko, L. N., Ol'shanskii, V. P, Ol'shanskii, S. V.
(2011). On velocity profiles of an inhomogeneous vibro-
fluidized grain bed on a shaker. Journal of Engineering
Physics and Thermophysics, 84 (3), 509-514. doi: https://
doi.org/10.1007 /s10891-011-0498-4

18. Sergeev, N. S, Nikolaev, V. N. (2010). Outflow of loose feeds
from bunker of multicomponent vibratory measuring hopper.
Dostizheniya nauki i tekhniki APK, 10, 65—67.

19. Dubrovin, A. (2015). Technological optimum angle control
of stationary surface movement and weighing loose feed
mixtures in the stream. Naukovyi Visnyk NUBIP Ukrainy,
209 (1), 112-120.

20. Boyko, 1., Rusalev, A., Skorik, A. (2009). Ground of structu-
rally-technological chart of the latticed metering device of
friable kontsentrirovannykh forages. Vdoskonalennia tekh-
nolohiyi ta obladnannia vyrobnytstva produktsiyi tvarynnyt-
stva: Visnyk KhNTUSH im. Petra Vasylenka, 78, 236—242.

21. Rusalev, A. M. (2007). Rezul'taty eksperimental'nyh issledo-
vaniy processa dozirovaniya kombikormov reshetnym doza-
torom. Vdoskonalennia tekhnolohiyi ta obladnannia vyrob-
nytstva produktsiyi tvarynnytstva: Visnyk KhNTUSH
im. Petra Vasylenka, 62, 116—122.

22. Kharchenko, S. (2015). Modeling the dynamics of the grain
mixtures with the screening on cylindrical vibrating sieve
separators. TEKA. Commission of motorization and energe-
tics in agriculture, 15 (3), 87-93.

23. Paolotti, D., Cattuto, C., Marini Bettolo Marconi, U., Pug-
lisi, A. (2003). Dynamical properties of vibrfluidized gra-
nular mixtures. Granular Matter, 5 (2), 75-83. doi: https://
doi.org/10.1007/s10035-003-0133-y

24. Pascoe, R. D, Fitzpatrick, R., Garratt, J. R. (2015). Prediction
of automated sorter performance utilising a Monte Carlo
simulation of feed characteristics. Minerals Engineering, 72,
101-107. doi: https://doi.org/10.1016 /j.mineng.2014.12.026

25. Boac, J. M., Ambrose, R. P. K., Casada, M. E., Maghirang, R. G.,
Maier, D. E. (2014). Applications of Discrete Element
Method in Modeling of Grain Postharvest Operations. Food
Engineering Reviews, 6 (4), 128—149. doi: https://doi.org/
10.1007 /s12393-014-9090-y

26. Kharchenko, S. O. (2017). Intensification of grain sifting on
flat sieves of vibration grain separators. Kharkiv: «Disa+», 220.

27. Kaliniewicz, Z., Biedulska, J., Jadwisienczakin, B. (2015).
Assessment of cereal seed shape with the use of sphericity
factors. Technical Sciences, 18 (4), 237-246.

28. Cervantes, E., Martin, J. J., Saadaoui, E. (2016). Updated
Methods for Seed Shape Analysis. Scientifica, 2016, 1-10.
doi: https://doi.org/10.1155/2016,/5691825

DOI: 10.15587/1729-4061.2019.163545
DETERMINING THE MOTION CHARACTER
OF LOOSE MATERIALS IN THE SYSTEM

OF CONTINUOUS ACTION «<HOPPER -
RECIPROCATING PLATE FEEDER» (p. 21-28)

Volodymyr Statsenko

Kyiv National University of Technologies

and Design, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-3932-792X

Oleksandr Burmistenkov

Kyiv National University of Technologies

and Design, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0003-0001-4229

Tetyana Bila

Kyiv National University of Technologies

and Design, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0001-8937-5244

Dmytro Statsenko

Kyiv National University of Technologies

and Design, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-3064-3109

This paper reports methods for modeling the movement
of bulk material in dispensing equipment of continuous
action. It was established that modeling the pulsations and
fractures in the flow of bulk material can be performed using
the discrete element method. On its basis, a model has been
constructed of the system consisting of a cylindrically-coni-
cally-shaped hopper and a reciprocating plate feeder of con-
tinuous action. Particles of bulk material are represented in
the form of spheres with a constant radius between which the
forces of friction and elasticity act.

The result of modeling is the determined movement
speed and position of each particle in the transverse sec-
tion of the system <«hopper — reciprocating plate feeder»
and at the surface of a feeder’s plate. The regions have been
defined with typical movement speeds of bulk material, as
well as the system’s performance. The maximum speed of
the particles is observed in the region of the outlet branch
pipe of the hopper, along its central axis, and in the outer
layer of the material that is found at the surface of a plate.
Minimum speeds are observed near the walls of the hopper
and at the center of a plate. It was established that in the
course of a feeder’s operation there is an increase in the ra-
dius of the cone of bulk material that resides at the surface of
a plate, by 15.2 %.

The system was experimentally studied using a testing
bench, consisting of a conical-cylindrical hopper, a recip-
rocating plate feeder of continuous operation, and a data
acquisition system. The feeder’s performance under a steady
operation mode has been determined. It was established that
it is pulsating in character that matches the results from
analytical calculations based on the constructed model. The
conclusion about correspondence of the obtained results
has been drawn based on the equality of variances in perfor-
mance, which was checked using a Fisher criterion.

The resulting model could be applied in order to analyze
steady operational modes of reciprocating plate feeders of
continuous action for the case when bulk material arrives to
the center of a plate.

Keywords: cylindrical-conical hopper, reciprocating
plate feeder, bulk material, discrete element method, par-
ticles interaction.
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The technology of trenchless reconstruction of pipeline
communications has been developed by pulling a new poly-
ethylene pipeline into a worn-out steel traction by the pig.
The pig moves under the pressure of air supplied into the
trans-pig space by the compressor.

Mathematical and CFD modeling of the process of
pulling the pipeline by a pig is performed. Formulas for cal-
culating the resistance forces acting on the moving system,
the pressure at the compressor outlet, at which the pig will
extend a new polyethylene pipeline with the entire length
of the reconstructed worn steel pipeline, are derived. The
resistance forces acting on the moving system on horizontal
sections of the route are: the force of mechanical friction of
the pig cuffs against the walls of the steel pipeline; friction
force of polyethylene pipe to steel; friction force of the poly-
ethylene pipe in the ring cuffs of the sealing system.

The results of CFD simulations are visualized in the post-
processor of the Ansys Fluent software package by drawing



flow lines, speed vectors, pressure fields on the contours and
in the longitudinal section of the annular and rotary space.
The exact values of speed, pressure at various points of the
annular and rotary space are determined. The structure of
the air flow in the trans-pig and annular space is investigated.
Places slowing down and accelerating the flow of air, falling
and rising pressure are identified. The pressure losses in the
annular space are determined.

After performing experimental tests, it is found that the
developed «Pulling pig P> technology can be used for the
reconstruction of pipeline communications. According to the
results of experimental measurements, graphs of changes in
air pressure at the beginning of the pipeline in time are con-
structed when the pulling a polyethylene pipe into worn-out
steel by the pig. The pressure at the beginning of the pipeline
before the start of pulling increases, due to the force of static
friction. After the start of pulling, the pressure decreases by
a small amount, and during pulling, its slight increase occurs.
The graphs of dependence of the pulling speed on the air vo-
lume flow and on the length of the pulled section of the poly-
ethylene pipe are constructed. At the initial stage, the pulling
speed increases dramatically and after such growth stabilizes.

Keywords: pressure loss, volume flow, friction force, trac-
tion force, pulling speed.
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A new method for expanding large-size tapered rings with
a stepped profile has been considered. The proposed method
consists in expanding the blank with the help of a stepped die.
A procedure for conducting studies by the method of finite
elements was proposed. The procedure is intended to deter-
mine dependences of the stress-strain state and shape change
during the expanding process by means of a stepped die. Vari-
able parameters included relative height of the stepped blank
protrusion which varied in the range of 2.2...2.5. Based on the
finite-element modeling, distribution of deformation rate in
the forging section after expanding with the help of a stepped
die was established. The forging taper formed by expanding
in this way was determined. Results of finite-element mode-
ling were verified by experimental studies with lead and steel
specimens. A procedure for conducting experimental studies



was proposed. The finite-element modeling has allowed us
to establish that expanding with the help of a stepped die
results in a tapered forging shape. This is explained by the
fact that when the wall is reduced, tangential deformation of
the annular blank in the wall zone is larger than that in the
protrusion zone because of different height of the stepped
blank. The results of finite-element modeling were confirmed
by experiments in laboratory conditions with lead and steel
specimens. Increase in diameter of the blank protrusion leads
to an increase in rate of the protrusion deformation which
causes an increase in diameter of the protrusion bore. Ana-
lysis of macrostructure of the annular forging with a tapered
stepped profile has made it possible to establish that when
the stepped blank is shaped with the help of a stepped die,
metal fibers repeat the target part contour which prevents
their cutting during machining. The study has established
that expanding of stepped tapered blanks is realizable. It
expands technological potentials of the process of expanding
large-sized forgings.

Keywords: stepped tapered ring, expanding, stepped die,
distribution of deformations, shape change, taper.
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The study is based on the method of vibratory stress re-
lief, which is used to reduce the residual stresses in cast and
welded parts, and is an alternative to thermal deformation
methods, because it is unpretentious to the mass, shape and
dimensions of the part.

Vibratory stress relief is usually carried out using unba-
lance electromechanical systems, which are simple in design
of the power section and control system. In such systems, pro-
cessing occurs simultaneously at only one resonant frequency.
The workpiece, as a rule, is characterized by several resonant
frequencies that have a tendency to shift to the low-frequen-
cy region during the implementation of the vibration effect.
The technological process of sequential processing at each
variable resonant frequency is rather time-consuming and not
efficient in terms of the cost of electrical energy. In order to
reduce the cost of time and energy, this study proposes the use
of the most advanced processing methods at several resonant
frequencies. Based on the algorithms of sequential vibratory
stress relief at several resonant frequencies of the part and
their changes towards low ones, it was proposed to carry out
processing by a polyharmonic perturbing force in a limited
frequency band. This effect has a bandwidth that contains
all the possible frequencies of the part where vibratory stress
relief occurs. Such an effect can be realized with the help of an
electrodynamic linear motor as an executive body. The advan-
tage of an electrodynamic linear motor is the proportionality
of the generated force to the current supplied to the moving
conductor and its repetition in form.

By means of mathematical modeling for the selected
example, it was found that narrowing the frequency range in

the low-frequency region by 5 times reduces energy costs by
more than 4,000 times as compared with the broadband law
of mechanical action on a part. A theoretically determined
energy-efficient law can be software-implemented in control
systems for electrodynamic linear motors that implement
vibratory stress relief.

Keywords: vibratory stress relief, resonant frequency,

energy efficient law, amplitude spectrum, electrodynamic
linear motor.
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A new technique and an application program for auto-
mating the programming of the milling operation during
virtual basing of the workpiece on the CNC machine table is
presented, when precise installation of the workpiece along
the coordinate axes of the machine is difficult. The solution of
such a scientific and technical problem allows you to perform
contour milling of parts with their arbitrary location on the
table of the CNC machine with guaranteed alignment of the
allowance along the forming path. The method involves the
sequential implementation of three stages with parallel use
of the created application program. At the first stage, an elec-
tronic copy of the part drawing is prepared, which contains
the selected part and workpiece contour highlighted in diffe-
rent colors. Thus, the scanning provides automatic creation of
digital two-dimensional arrays of geometric images necessary
to solve the problem. At the second stage, the coordinates
of three points of the workpiece measured by the probe on
the machine are entered into the created program. Based on
the entered data, the created program solves the problem of
alignment of the allowance using the Gauss-Seidel method
using the Hausdorff dimension. This approach allows us to
obtain a quantitative estimate of the similarity of polygonal
objects, which is necessary to solve the problem of minimax
location of the allowance. The task is to determine the cor-
rection of the control program for two linear coordinates and
one angular around the center of mass of the workpiece. At
the third stage, the correction values calculated in the pro-
gram are entered into the CNC rack of the machine and the
processing of the contour begins. The proposed technique and
the created application program were tested when processing
the part contour on a VF-3 HAAS milling machine. Practical
testing has shown the effectiveness of the technique, which is
to ensure milling without overloading the tool and reduce the
processing time during virtual basing of the workpiece.

Keywords: virtual basing, contour milling on a CNC
machine, preparation of a control program.
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In order to improve efficiency of machining by milling
geometrically complex shaped surfaces, mainly the methods



related to improvement of properties of the tool material,
change of composition and properties of the tool surface
layer, application of thin film coatings, reduction of rough-
ness of the working surfaces and improvement of operating
conditions of the tool using lubricant-cooling media are
mainly used.

Proceeding from the above stated, scientifically grounded
technical and technological solutions consisting in deve-
lopment of a new highly effective method for machining
geometrically complex shaped surfaces by means of disk ro-
tary cutters with a reciprocatively rocking feed motion were
studied and set forth in this work. This machining method
can increase the period of durability of tools by 1.7 times
and milling performance by 1.6 times by means of a fixed
kinematic shift of the cutting edge relative to the machined
surface.

A mathematical apparatus of the method of milling with
a fixed shift of the cutting edge was proposed. Analysis of
this method with the help of numerical functions has enabled
establishment of analytical dependences for determining
thickness and volume of a unit cut-off layer. Thickness of
the cut-off layer is mainly affected by feed per tooth, Sz, and
the angle v influences its volume which determines normal
cutting conditions. A model of distribution of heat flows in
the cutting wedge for the method of milling with a recipro-
catively rocking feed motion taking into consideration the
amplitude of rocking motion of the workpiece was studied.
A temperature decrease to 330.2...395.5 °C was established,
that is by 80.6...181.6 °C for the stamp steel 9CRSI and to
193.8...285 °C, that is, by 56.6...120.2 °C for steel 45 com-
pared to conventional milling. It was found that total length
of the cutting edge increases 2.4 times with 1.5 times tem-
perature decrease.

Keywords: milling, kinematic cutting scheme, cutting tool,
cutting edge, geometrically complex shaped surface, CNC.
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