STUDYING THE PECULIARITIES OF BALANCING
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TWO PASSIVE AUTOMATIC BALANCERS PLACED
NEAR SUPPORTS (p. 4-9)

Valery Goncharov, Gennadiy Filimonikhin,
Kostyantyn Dumenko, Mihail Lychuk

A discrete N-mass model of a flexible double-support ro-
tor with two passive automatic balancers of pendulum, ball or
roller type was constructed. Automatic balancers are placed
near supports. The system of differential equations, which
describes the motion of a rotor machine, is obtained.

The primary (sustained) motions of a system as the mo-
tions, in which automatic balancers eliminated displacements
of a rotor in supports, were found. It is shown that on the
primary motions, the total imbalances of a rotor and AB, re-
duced to two correction planes (supports), equal zero.

It was proposed to examine the stability (of the family)
of sustained motions by generalized coordinates, which set
the displacement of a rotor in the supports and by dynamic
variables that equal total imbalances of a rotor and AB in two
correction planes. We obtained differential equations, which
describe the change in these variables that describe the pro-
cess of self-balancing.

By the analysis of differential equations of the motion of
a system it was established that:

— on the primary motions, AB eliminate rotor deflections
and vibrations in elastic viscous supports, but do not remove
shaft deflections in non-supporting points;

—on the primary motions elastic viscous supports are
conditionally converted into hinge supports;

— shaft deflections in non-supporting points and the
primary motions change with the change in angular speed of
rotation of the rotor;

— primary motions exist at a certain distance of the speed
of rotation of the rotor from the critical speeds of flexible ro-
tor rotation with the hinge supports instead of elastic viscous
supports;

— at the speeds of rotation of a rotor shaft close to any
of these speeds, the conditions of existence of the primary
motions are disrupted because shaft deflections theoretically
grow to infinity and the balancing capacity of AB is not suf-
ficient for the compensation for the imbalances of the rotor;

— in practice these deflections are limited and, therefore,
proper selection of the balancing capacity of AB can ensure
existence of primary motions at all speeds of rotation of rotor.

Keywords: flexible rotor, automatic balancer, self-balanc-
ing, primary motion, critical speed, resonance speed.
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ANALYTICAL STUDY OF THE BENDING OF
ISOTROPIC PLATES, INHOMOGENEOUS IN
THICKNESS (p. 10-16)

Volodymyr Plevako, Volodymyr Potapov,
Viktor Kucenko, Ighor Lebedinec, Iryna Pedorych

A three-dimensional problem of bending the plate, in
which the parameters of elasticity of the material vary by
thickness and are arbitrary integrable functions, was exam-
ined. And the plate itself is exposed to the action of mass forces
while the action of surface loads is studied as a separate case.

An analytical solution to the boundary problem by the
operator methods was obtained in a case when the bound-
ary conditions are satisfied exactly on the flat surfaces of
the plates and on the lateral surface — in the Saint Venant
approximation.

It was theoretically proved that the exact, in the sense of
Saint Venant, analytical solutions may be obtained if the plate
is exposed to the action of the mass and surface forces, distrib-
uted on the plate and on its surface by the two-dimensional
polyharmonic law. In this case, the thinner the plate, the more
exact the solution will be, since the corresponding solutions
represent the series that contain a finite number of members.

It was demonstrated that the obtained formulas for the
calculation of bending the thin plates in the case of homoge-
neous material transfer to the classic formulas of the theory of
bending thin plates.

The obtained solutions allow using them as the approxi-
mate, “technical” theory for engineering calculations of the
stressed and deformed state of non-homogeneous plates.

Keywords: theory of elasticity, isotropic bodies, non-
homogeneous materials, bending of plates, stresess and defor-
mations.
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ANALYSIS OF ORIGIN OF SHEAR BANDS IN A
REINFORCING ELASTIC-PLASTIC BODY (p. 17-22)

Yurii Chernyakov, Artur Shevchenko

The area of the line of localization of plastic deformation in
the section of reinforcement is presented in the form of a band
of finite length for the case of plane strain. The banks of the
band can slide freely, but in this case they must stay in contact.
The theory of microdeformation, which leads to the singular
surface of fluidity is used for describing mechanical behavior,
which is very important in the problems of localization.

We built a closed analytical solution of the problem of
building the fields of rates of displacements and changes in
stresses in the vicinity of apex of the assigned line of discon-
tinuity of the speeds of displacements. It was established that
three different forms of the solution, depending on the results
of the solution to the problem of localization, are possible. The
point of localization is defined as the point of intersection of
the curve defining the dependency of parameters of material
on the parameters of load according to the theory of microde-
formations, with the curve that defines the boundary between
elliptic and hyperbolic regime of the solutions. The field of
rates of change in stresses has a root peculiarity.

The criterion for ductile fracture (advance of line of dis-
continuity) was formulated based on the approaches, accepted
in the Novozhilov criterion of brittle fracture. In this case it
was taken into account that with the ductile fracture we deal



with the occurrence of a localized flow, in which the develop-
ment of line of discontinuity will be determined by average
rates of change in stresses in the vicinity of a singular point.
The orientation of the line of discontinuity of the rates of
displacements and the fields of rates of change in stresses and
displacements were defined. The dependence of the length of
the line of localization on subcritical stresses is obtained from
the limitation of the angle of fracture of the trajectory of load.
It was established that the line of localization in the initial
state can have dimension comparable with size of the grain. It
was shown that localization in the form of the slip line of finite
length precedes the localization at the point.

Keywords: theory of plasticity, micromechanics, shear
bands, theory of microdeformations, bifurcation, polycrystal,
critical load.

References

1. Kadashevich, Yu. 1., Chernyakov, Yu. A. (1992). Theory of
plasticity, taking into account micro stresses. Advances in
Mechanics, 15 (3-4), 3-39.

2. Hill, R. (1962). Acceleration waves in solids. Journal of the Me-
chanics and Physics of Solids, 10 (1), 1-16. doi: 10.1016,/0022-
5096(62)90024-8

3. Rice, J. R. (1976). The localization of plastic deformation.
Theoretical and Applied Mechanics, 1, 207-220.

4. Hill, R., Hutchinson, J. W. (1975). Bifurcation phenom-
ena in the plane tension test. Journal of the Mechanics and
Physics of Solids, 23 (4-5), 239-264. doi: 10.1016,/0022-
5096(75)90027-7

5. Needleman, A., Rice, J. R. (1978). Limits to Ductility Set by
Plastic Flow Localization. Mechanics of Sheet Metal Form-
ing, 237-267. doi: 10.1007 /978-1-4613-2880-3_10

6. Anand, L., Spitzig, W. A. (1980). Initiation of localized
shear bands in plane strain. Journal of the Mechanics and
Physics of Solids, 28 (2), 113-128. doi: 10.1016,/0022-
5096(80)90017-4

7. Chernyavskii, Y. E., Chernyakov, Y. A. (1984). Localization of
plastic strains in an incompressible strain-hardening medium.
Soviet Applied Mechanics, 20 (12), 1161—1164. doi: 10.1007/
bf00888970

8. Hill, R. (1967). The essential structure of constitutive laws for
metal composites and polycrystals. Journal of the Mechanics
and Physics of Solids, 15 (2), 79-95. doi: 10.1016,/0022-
5096(67)90018-x

9. Hutchinson, J. W. (1970). Elastic-plastic behaviour of poly-
crystalline metals and composites. Proc. R. Soc. London,
319, 247-272.

10. Needleman, A., Tvergaard, V. (1992). Analyses of Plastic
Flow Localization in Metals. Applied Mechanics Reviews,
45 (3S), S3. doi: 10.1115/1.3121390

11. Bigoni, D., Capuani, D. (2002). Green’s function for incre-
mental nonlinear elasticity: shear bands and boundary integral
formulation. Journal of the Mechanics and Physics of Solids,
50 (3), 471-500. doi: 10.1016,/s0022-5096(01)00090-4

12. Radi, E., Bigoni, D., Capuani, D. (2002). Effects of pre-stress
on crack-tip fields in elastic, incompressible solids. Interna-
tional Journal of Solids and Structures, 39 (15), 3971-3996.
doi: 10.1016,/50020-7683(02)00252-4

13. Bigoni, D., Dal Corso, F. (2008). The unrestrainable growth
of a shear band in a prestressed material. Proceedings of
the Royal Society A: Mathematical, Physical and Engi-
neering Sciences, 464 (2097), 2365-2390. doi: 10.1098/
rspa.2008.0029

14. Novozhilov, V. V. (1969). O neobkhodimom i dostatochnom
kriterii khrupkoy prochnosti. Prikladnaya matematika i me-
khanika, 33 (2), 212-222.

15. Novozhilov, V. V. (1969). K osnovam ravnovesnykh uprugikh
treshchin v uprugikh telakh. PMM, 33 (5), 797-812.

16. Bordignon, N., Piccolroaz, A., Corso, F. D., Bigoni, D. (2015).
Strain localization and shear band propagation in ductile
materials. Frontiers in Materials.

17. Argani, L., Bigoni, D., Mishuris, G. (2013). Dislocations
and inclusions in prestressed metals. Proceedings of the
Royal Society A: Mathematical, Physical and Engineering
Sciences, 469 (2154), 20120752-20120752. doi: 10.1098/
rspa.2012.0752

18. Jia, N., Eisenlohr, P, Roters, E, Raabe, D., Zhao, X. (2012).
Orientation dependence of shear banding in face-centered-
cubic single crystals. Acta Materialia, 60 (8), 3415-3434.
doi: 10.1016/j.actamat.2012.03.005

19. Arriaga, M., McAuliffe, C., Waisman, H. (2015). Onset of
shear band localization by a local generalized eigenvalue
analysis. Computer Methods in Applied Mechanics and En-
gineering, 289, 179-208. doi: 10.1016/j.cma.2015.02.010

20. Tvergaard, V. (2014). Bifurcation into a localized mode from
non-uniform periodic deformations around a periodic pat-
tern of voids. Journal of the Mechanics and Physics of Solids,
69, 112—122. doi: 10.1016/j.jmps.2014.05.002

21. Chernyakov, Y. A., Polishchuk, A. S., Shneider, V. P. (2011).
On extension of the phenomenological approach in the theo-
ry of plasticity. Journal of Engineering Mathematics, 78 (1),
55-66. doi: 10.1007/s10665-011-9470-8

MODELLING A THROTTLING DEVICE DURING
SEPARATION OF MOISTURE FROM GAS FLOW
(p. 23-29)

Georgiy Kulinchenko, Petro Leontiev

The need to design a model of a throttling device,
which is used in the process of low temperature separation
(LTS) of moisture from the gas flow, is predetermined by
the necessity to coordinate the modes of functioning of
the throttle with the modes of the heat exchanger and the
separator that are included in the installation of separa-
tion. Proceeding from the task of efficient management
of the process of the LTS of moisture from the gas flow,
we analyzed a channel of control of the flow of gas under
throttling. The peculiarity of managing the process of
separation of moisture is in the contradiction between the
productivity of the gas flow and the conditions of moisture
removal. In order to study the influence of parameters of
a throttle on the formation of the modes of passing flow, a
distribution of the field of the flow velocities is obtained
in the software environment of ANSYS Workbench. Vi-
sualization of the flow stream allows analyzing the level
of turbulence of the flow under throttling and forecasting
the trajectory of moisture droplets formed at throttling.
By comparing the data obtained from the experimental in-
stallation with the data of numerical calculations, carried
out in accordance with well-known mathematical models
of the flow under throttling, we conducted the assessment
of the adequacy of the description of the object of control.
It is shown that the assumption of incompressibility of
natural gas when evaluating the rate leads to significant
errors. As a result of the identification of the parameters of
a throttling device, its simulation was implemented in the



environment of MatLab Simulink. Block construction of
the model allows performing simulation under conditions
of arbitrary nature of the change in the parameters of the
process over time. The assessment of the adequacy of simu-
lating a throttle device allows using the studied model for
constructing a model of an installation of moisture separa-
tion from gas flow.

Keywords: subcritical flow mode, supercritical flow
mode, throttle valve, pipeline hydraulic resistance, dew point
temperature.
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DEVELOPMENT OF GAS DYNAMIC LINEAR
SYSTEMS FOR SETTING LOW PRESSURES
(p. 30-36)

Ihor Dilay, Zenoviy Teplukh, Roman Brylyns’kyy,
Ivan-Roman Kubara

The results of research into the schemes of serial connec-
tion of capillaries — pressure dividers, both two- and multi-
capillary, were presented, with a linear dependency of change
in inter-throttle pressures on supply pressure. Based on the
analysis of the results, the schemes for multi-range pressure
setting devices are built — a cascade connection of dividers
and with binary ramification of pressure dividers.

For each of these schemes, the corresponding setting of
dimensions of passable capillary channels can set such pres-
sure drops in capillaries, at which the division pressure coef-
ficients will vary by several orders of magnitude and remain
constant. The designed schemes provide one direction and
proportionality of all inter-throttle pressures (drops) of a
scheme when changing the input supply pressure, but the
scheme with binary branches of dividers enables setting the
drops of pressures at the level of pascal particles.

The built four-decade device for setting the drops of
pressures was explored by the obtained mathematical models
under the action of impact factors (change in supply pres-
sures of the setting device, temperature of throttled gas) on
the coefficients of division. It was found that the influence of
pressure changes in the designed scheme is practically absent
while the temperature change of the gas flow by £5 K does
not exceed 0,2 %.

Application of the tools of pressure reproduction, based
on the designed schemes, opens up the prospect of building
high precision devices for one-stage preparation of complex
gas mixtures with micro-concentrations of components, the
devices for setting low and micro-rates of gases, as well as for
testing the tools for measuring pressures.

Keywords: pressure reproduction, capillary, combiner
and divider of flows, linear divider of pressures.
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FORMATION OF A RATIONAL CHANGE IN
CONTROLLING CONTINUOUSLY VARIABLE
TRANSMISSION AT THE STAGES OF A TRACTOR’S
ACCELERATION AND BRAKING (p. 37-44)

Vadim Samorodov, Andrey Kozhushko,
Eugene Pelipenko

We formalized the criteria for evaluation of indicators of a
wheeled tractor with continuously variable hydrovolumetric-
mechanical transmission from the point of view of loading a
hydraulic branch of hydrovolumetric transmission in direct
and reverse power flows. The given description of the criteria
is used for the formation of change in parameters of adjustment
of hydraulic machines (hydraulic pump and hydraulic engine)
in the process of acceleration and braking of a wheeled tractor.

We formed a rational change in parameters of adjustment of
a hydraulic machine at the stages of acceleration and braking for
a wheeled tractor with continuously variable hydrovolumetric-
mechanical transmission that is made by the scheme of the dif-
ferential at the output. In the study of the obtained dependency
of parameters of adjustment of hydraulic machines, we deter-
mined the change of such indicators as the time of acceleration
and braking; braking distance of a wheeled tractor; coefficient
of performance of hydrovolumetric drive and hydrovolumetric-

mechanical transmissions; the difference of working pressure
in hydrovolumetric drive. It was found that when applying the
rational change in the parameters of adjustment of hydraulic
machines instead of the linear one at the stages of acceleration
and braking, the zone of the highest value of the coefficient
of performance of hydrovolumetric-mechanical transmission
narrows, which, in turn, points to the loading of the hydraulic
branch of a hydrovolumetric transmission.

Keywords: hydrovolumetric-mechanical transmission,
rational change in parameters, hydraulic branch of transmis-
sion, coefficient of performance, evaluation criteria.

References

1. Sheltsin, N., Frumkin, L., Ivanov, I. (2011). Sovremenie
bestupenchatie transmisii selskohozyaistvenih traktorov.
Traktori i selhozmashini, 11, 18—26.

2. Beunk, H., Wilmer, H. (2002). So Arbeiten «Auto Powr»
und «Eccom». Profi, 5.

3. Renius, K. T, Resch, R. (2005). Continuously Variable Trac-
tor Transmissions. ASAE — The Society for Engineering
in Agricultural, Food, and Biological, Systems. Louisville,
Kentucky, 35.

4. Rydberg, K. (2010). Hydro-mechanical Transmissions. Fluid
and Mechatronic Systems, 2, 51-60.

5. Samorodov, V. B., Bondarenko, A. 1., Kozhushko, A. P, Peli-
penko, E. S., Mittsel, M. O. (2014). Perspektyvni transmisii
kolisnykh traktoriv. Visnyk Natsionalnoho tekhnichnoho
universytetu «KhPI», 10 (1053), 3—10.

6. Samorodov, V., Pelipenko, E. (2016). Analysis of the devel-
opment modern transmission wheeled tractors. International
Collection of scientific proceedings, 6 (13), 49-57.

7. Popa, Gh., Dumitru, I. (2005). Theoretical studies regarding
the tractive efforts for vehicles using the hydrostatic trans-
missions. Scientific Bulletin Series C: Fascicle Mechanics,
Tribology, Machine Manufacturing Technology.

8. Huhtala, K. (2010). Chengyan sun hydrostatic-mechanical
power split CVT. Mechanical and Materials engineering on
8th of September 2010, 67.

9. Pusha, A, Deldar, M., Izadian, A. (2013). Efficiency analy-
sis of hydraulic wind power transfer system. IEEE Inter-
national Conference on Electro-Information Technology,
EIT 2013, 1-7. doi: 10.1109/¢it.2013.6632717

10. Tjas, M., Makinen, E. (2008). Improvement of total efficiency
of hydrostatic transmission by using optimized control.
Proceedings of the JFPS International Symposium on Fluid
Power, 2008 (7-2), 271-276. doi: 10.5739/isfp.2008.271

11. Coombs, D. (2012). Hydraulic efficiency of a hydrostatic
transmission with variable displacement pump and motor.
Mechanical and aerospace engineering, 82.

12. Dasgupta, K., Kumar, N., Kumar, R. (2013). Steady state
performance analysis of hydrostatic transmission system us-
ing two motor simulation drive. Journal of The Institution of
Engineers (India): Series C, 94 (4), 357-363. doi: 10.1007/
s40032-013-0084-y

13. Samorodov, V. B. (2001). Vyivod obschego zakona uprav-
leniya gidroob’emno-mehanicheskih transmissiy transport-
nyih mashin v protsesse pryamolineynogo razgona i sposob
ego tehnicheskoy realizatsii. Integrirovannyie tehnologii i
energosberezhenie, 4, 112-120.

14. Kozhushko, A. P. (2014). Vyznachennia optymalnoho zakonu
zminy parametriv rehuliuvannia hidromashyn hidroob’iemnoi
peredachi v protsesi rozghonu kolisnykh traktoriv z
hidroob’iemno-mekhanichnoiu transmisiieiu. Visnyk Sums-
koho natsionalnoho ahrarnoho universytetu, 11 (26), 108—114.



15. Bondarenko, A. 1. (2015). Optymyzatsyia upravlenyia
besstupenchatoi hidroob’iemno-mekhanichnoiu transmisi-
ieiu kolesnikh traktorov pri ekstrenom tormozhenyy. Science
in the modern information society, 1, 135—141.

16. Bondarenko, A. 1. (2015). Osoblyvosti systemy keru-
vannia protsesom halmuvannia samokhidnykh mashyn z
hidroob’iemno-mekhanichnymy transmisiiamy. Prylado-
buduvannia: stani perspektyvy, 27-28.

17. Kozhushko, A. P. (2015). Osoblyvosti roboty kolisnykh
traktoriv z hidroob’iemno-mekhanichnymy transmisiiamy.
Silskohospodarski mashyny, 31, 70-82.

18. Rebrov, A. Yu, Korobka, T. A, Lahman, S. V. (2012).
Matematicheskaya model dizelnogo dvigatelya v bezrazmerny-
ih velichinah s uchetom ego zagruzki i podachi topliva. VIsnik
Natslonalnogo tehnIchnogo unlversitetu «KhPI», 19, 31-36.

19. Anosov, V. I, Samorodov, V. B,, Rebrov, A. Yu., Pelipenko, E. S.
(2014). Nauchnoe obosnovanie rezhimov ekspress-proverki
tormoznoy sistemyi kolesnyih traktorov AO "HTZ”. VIsnik
NatsIonalnogo tehnIchnogo unlversitetu «KhPI», 8, 3—13.

20. Metlyuk, N. F, Avtushko, V. P. (1980). Dinamika pnev-
maticheskih i gidravlicheskih privodov avtomobilya. Mos-
cow: Mashinostroenie, 231.

21. Pettersson, K. (2013). Design Automation of Complex Hy-
dromechanical Transmissions. Division of Fluid and Mecha-
tronic Systems Department of Management and Engineer-
ing Linkoping University. Linkoping, Sweden, 85.

REDUNDANT INFORMATION PROCESSING
TECHNIQUES COMPARISON FOR DIFFERENTIAL
VIBRATORY GYROSCOPE (p. 45-52)

Valerii Chikovani, Olha Sushchenko, Hanna Tsiruk

Advantages of differential Coriolis vibratory gyroscope of
the new type with two measuring channels of angle rate with
opposite signs that provides redundant measuring information
about angle rate are analyzed. Comparative analysis of four
different techniques of redundant signals processing including
technology of “virtual” gyro signals processing in application
to the differential vibratory gyroscope is carried out.

Importance of creation of redundant information pro-
cessing techniques is caused by distinction of the differential
vibratory gyroscope from other micro-electro-mechanical
gyros, for example, tuning fork gyro, in that it has two output
signals, which come from the single resonator and correspond
to angle rates with opposite signs.

As a result redundant output information processing tech-
niques were obtained. This information comes from the differen-
tial vibratory gyroscope output and is formed by subtracting of
two measuring channel signals. The algorithm of “virtual” gyro
redundant output information processing was modified. The al-
gorithm differs from known ones by calculation of inter-channel
correlation matrix in on-line manner. This leads to decrease of
angle rate measuring random error and to decrease overshoot in
conditions of abrupt change of angle rate.

The obtained results are important and useful for applica-
tion of differential vibratory gyroscopes in stabilization systems
and angular motion control. This is caused by high requirements
to accuracy and ability to function in hash environment.

Keywords: differential vibratory gyro, “virtual” gyro
technology, bias, correlation matrix.
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