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ABSTRACT

Vibration technology is widely used in mechanical engineering,
construction, road building and different sectors of the
manufacturing. In agriculture, it is used for dosing feed, cleaning
and sorting seeds, digging up root crops, planting potatoes, and
transporting bulk materials. Vibrations make the mechanical
system more stable in relation to external force disturbances and
do not change the technological properties of materials during its
movement along the working surfaces. Also, the material passing
through the vibration zone is not damaged. A wide range of
frequency and amplitude of vibrations provides the possibility of
vibration regime varying, and the characteristics of the movement
of agricultural plant material on the vibrating working bodies.
The analysis of possibility of application of vibrating hydraulic
drives as elements of transmission of movement to working bodies
of agricultural machines is executed. A historical excursion was
conducted and the first mentions of the use of hydraulic drives
were pointed out. The estimation of technological processes in
agricultural production where it is expedient and possible to use
vibration and vibrating drives is made. At the present stage of
development of agricultural engineering, using vibrating
hydraulic drive is accorded to the basic trends of agriculture
machinery development. The stand for conduction of studies of
amplitude-frequency characteristics of the vibrating drive with
regulated perturbations is offered. A mathematical model is
presented, which generally describes the course of the vibration
process and estimates the stiffness of the mechanical system. The
hydraulic parametric vibration exciter is recommended to use for
studying and determination the conditions for the occurrence of
parametric vibrations in working body of agricultural machines.
Also, using a hydraulic drive makes it possible to simplify the
kinematics, reduce metal consumption, increase accuracy,
reliability and level of automation of working bodies of
agricultural machines.
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AHOTALIA

Biopayis wupoxo euxopucmogyemvcsi 6 MAwUHO0YOVEAHHI,
0yOieHuymel ma pisHUX 2anyssax eupooHuymeda. Y citbcbkomy
eocnooapcmai  8ibpayis  UKOPUCMOBYEMbCS  ONs1  003V8AHHS
KOpMi6, OYUWeHHs ma COPMYSAHHA  HACIHHA,  30UpaHHA
Kopenenioois, CAadiHHA Kapmonii, MpPAHCROPMYEAHHS CUNKUX
pocrunHux mamepianie. Bibpayisi pobums Mexamiuny cucmemy
Oinbwt  CMIUKOI BIOHOCHO 306HIUHIX CUNOBUX 30YPeHb 1 He
3YMOBIIOE 3MIHU MEXHONO2IYHUX GIACTMUBOCMEN Mamepianie nio
yac ix pyxy pobouumu nogepxuamu. Pocaunnuii mamepian, wo
npoxooums wepes 30Hy 8ibpayii, He nowkooddcyemocs. [Llupoxuii
0ianaszon 3MIHU Yacmomu ma amniimyou eiopayii 3abe3neuye
MODHCIUBICMb 8APTI0BAHHS BIOPAYINIHO20 pedcumy | 0cobausocmell
PYXy  CilbCbKO2OCNOOAPCbKO20 — POCIUHHO20 — Mamepiany Ha
pobouux opeaunax. Y cmammi NpOAHANI308AHO MONCIUBOCTI
3acmocyeanns  8iOpayiuHux — 2iOponpusodie  AK  eleMeHmie
nepeoayi pyxy pobouum opeanam cilbCbKO20CNOOAPChKUX MAULUH.
Taxooic nPoaHanizoeano MexHoNO02IMHI npoyecu )y GUPOOHUYME]
CITLCHKO20CN00ApPChKOi  NpoOyKYii, 0Oe OOYINbHO 1 MOJICIUBO
suxkopucmosysamu  giopayito ma  6ibpayitini  npusoou. Y
CIIbCLKO2OCNOO0APCLKOMY — MAWUHOOYOVBAHHI — GUKOPUCTNAHHS
8ibpayilinoco 2ioponpusody € 0OHUM i3 OCHOGHUX HANPAMIG 1020
PO36UMKY. 3anpoOnoHOBAHO CMEHO 0 NPOBEOeHHsT OOCAIONCEHD
aMnAIMYOHO-4aACMOMHUX XAPAKMEPUCTUK BIOpaYiiHO20 NPUBOJY
3 pezynvosanumu 30ypenHamu. Illpeocmagneno mamemMamuymy
MOOenb, SIKA 8 3a2albHOMY GU2ISA0I ONUCYE nepebie 8iopayiiinoco
npoyecy i OYiHIOE JHCOPCMKICMb Mexaniunoi cucmemu. Y cmammi
011 0OCHIONHCEHHA YMO8 GUHUKHEHH NapamMempuyHux KOJIUBAHb
pobouUx OpeaHi6 MAWUH PEKOMEHO0B8AHO BUKOPUCINOBY8AMU
2iopaeniunuli napamempuyHuil 8iopo30yoacysay. Buxopucmanns
2i0ponpusody 0036014€ CNPOCMUMU  KIHEMAMUKY, 3MeHuumu
Memanomicmricms, RiOGUUWUMY MOYHICMb, HAOJIIHICMb i pigeHb
agmomamu3zayii pobouux opeanie MauiuH.

DOI: 10.36910/acm.vi48.778

Humyeamu yro cmammio:

lanonrok, T. O., Kipuyk, P. B., & 3abponomupka, JI. IO.
(2022). BuxopucTaHHS TiAPABIIYHOIO TAPAMETPUYHOTO
BiOp030yKyBadya B CLIBCHKOTOCTIONAPCHKOMY MAaITHHO-

OynyBanHi. Cinbcbkoeocnodapcoki  mawunu, 48, 7-14.
https://doi.org/10.36910/acm.vi48.778




CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHY, 2022, Bun. 48

AGRICULTURAL MACHINES, 2022, Vol. 48

INTRODUCTION AND PROBLEM
STATEMENT

Agriculture is the most ancient sphere of
human activity. Since ancient times, on a
subconscious level, a person has used oscillations
processes in the production of food, without even
comprehending the essence of the physical
process. The appearance of water and wind drives
made it possible to mechanize technological
operations using oscillations and vibration. One of
the first references to vibrating machines is in the
scientific journal (The London Journal of Arts,
Sciences and Manufactures, and Repertory of
Patent Inventions, 1849) without careful
explanations and references to the authors. A
detailed analysis of the historical aspects of using
vibration machines is made by Lanets (2008). At
present, impulse and vibration technology is
widely used in mechanical engineering,
construction, road building and different sectors
of the manufacturing. In agriculture, it is used for
dosing feed, cleaning and sorting seeds, digging
up root crops, planting potatoes, and transporting
bulk materials. The principle of vibration is also
used in the development of sowing devices. The
main advantages of using vibration are as
following (Povidaylo, 2004; Pogorilec &
Volyansky, 2011):

- vibrations make the mechanical system
more stable in relation to external force
disturbances;

- vibrations and fluctuations do not change
the technological properties of materials during its
movement along the working surfaces;

- the material passing through the vibration
zone is not damaged:;

- a wide range of changes in the frequency
and amplitude of vibrations allows us to vary the
vibration regimes, and consequently, the
characteristics of plant material movement.

The study of the parameters of vibration
processes, their analysis and synthesis of energy
and motion transmission systems allow us more
efficient design of the working bodies of
agricultural machines based on working with
hydraulic drives.

The Goal of the Study is to analyze the
possibility of using vibration hydraulic drives in
the working bodies of agricultural machines, to
analyze and develop the stand for studying the
amplitude-frequency characteristics of a hydraulic
drive with disturbing elements.

MATERIALS AND METHODS
The study was carried out by using the
developed experimental stand. The technique for
analyzing the parameters of the vibrational
process of the hydraulic drive was based on the
methods of analytical mechanics and hydraulics.

RESULTS AND DISCUSSION

At present, the study of vibrations is very
important according to the rapid increase in the
capacity of agricultural machines and the speed of
movement of their units and mechanisms, the
reduction in relative weight, the increase in
durability and reliability, and the stability and
controllability of mechanical systems. In some
cases, the parameters of mechanical systems, such
as rigidity or mass, do not remain unchanged, but
they are functions of the time. If the equilibrium
state of such a system is disturbed, then peculiar
oscillations will be made: on the one hand, they
cannot be called free, since the system is not
autonomous and experiences this external
influence in the form of a change in the parameter,
and on the other hand, the external influence does
not manifest itself in the form of this system
strength. These fluctuations are called parametric
and, depending on the properties of the system
and the nature of the changes in parameters, they
can have limited or increasing peak values over
time. This is called parametric resonance.

Parametric oscillations can occur where the
stiffness of the system and (or) the mass of
moving elements that determine the natural
frequency of the agricultural machine system
periodically changes wo:

wo = (C/ m)°3, 1)

where C is the stiffness of the system; m is the
mass of moving elements of the system.

This indicates that parametric oscillations can
occur where the frequency of the oscillatory
system periodically changes (wo + Awo).

In the studies of Pogorilec and Volyansky
(2011), Gaponyuk (1998), Kuzmin and Gaponyuk
(1997), parametric oscillations in machines,
aggregates and other mechanisms are considered
undesirable.

In a practical sense, these studies are aimed at
determining the conditions for the occurrence of
parametric oscillations and eliminating their
harmful effects. For the purpose of practical using
in vibration machines and technologies, the
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schemes of parametric vibration exciters will be
considered.

The parametric vibration exciter shown in
Fig. 1 contains an elastic element of changeable
bending stiffness, which is made in the form of a
cantilever beam and non-circular disks. Non-
circular disks are connected to the drive shafts.
One end of the cantilever beam is rigidly attached
to the rack, and the second is connected to the
hydraulic damper. During rotation of the disks,
the length of the beam periodically changes from
the minimum to the maximum value. In this case,
the bending stiffness of the elastic beam changes,
which causes its parametric bending vibrations
and, consequently, vibrations of the object fixed at
the end of the beam. The device disadvantage is a
narrowly limited range of disturbing frequencies
and a decrease in operating efficiency due to the
violation of parasitic oscillations.

F /17?)‘

Fig. 1 — Parametric vibration exciter (a) with an
elastic element of variable bending stiffness (b):
1 — base; 2 — hydraulic damper; 3 — rack;

4 — cantilever beam; 5, 6 — drive shaft;

7 — non-circular disks; 8 — beam

The parametric vibration exciter shown in
Fig. 2 contains a base and working unit, which is
mounted on elastic support elements. The
vibration exciter is made in the form of three
coaxial shafts. The two extreme shafts are
installed on platforms equipped with lifting
mechanisms. Elastic elements are fixed on shafts

and connected by means of coupling halves with
shaft mounted on the working unit. Between the
base and working unit buffer elements and the gap
adjustment mechanism are located. The shaft
rotation is made by the engine through the clutch.
Due to the different stiffness of the elastic
elements in compression and bending, during
shaft rotation the stiffness of the vibration device
system periodically changes in the vertical
direction. For one revolution of the shafts, the
change in stiffness occurs twice. When certain
frequency ratios are met, in particular, when the
frequency of stiffness pulsations is twice the
natural frequency of the system, the parametric
oscillations of the working unit are disturbed.
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Fig. 2 — Parametric vibration exciter

with elastic support elements (a)

and elastic support elements (b):
1 — base; 2 — working unit; 3 — elastic support
elements; 4, 5 — coaxial shafts; 6 — platforms;
7 — lifting mechanisms; 8 — elastic elements;

9 — coupling halves; 10 — buffer elements;
11 — gap adjustment mechanism; 12 — engine;
13 —clutch

The parametric vibration exciter shown in
Fig. 3 contains two levers, the arms of which are
located at an angle, and the central hinges are
connected to the base. The elastic element of
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exciter can bend. The device has a pin with
multidirectional threads. The pin is placed along
the axis of the table and is connected to the elastic
element and the crossbar.

Depending on the required perturbation
frequency, the corresponding initial longitudinal
force is set by rotating the pin, which acts on the
elastic element, that determines the frequency of
its oscillations. When the drive rotation of the
thrust is turned on, the two-arm lever moves. The
different direction of movement of the levers is
provided by the thrust. With such a movement of
the two-arm levers, a periodic change in the stress
state of the elastic element occurs, which leads to
the parametric oscillations of the table. The
disadvantages of such parametric vibration
exciters include low efficiency due to the
complexity of the design and the impossibility of
regulating the system during operation.
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Fig. 3 — Parametric vibration exciter with
adjustable parameters:
1 —base; 2, 3—arms; 4 — central hinge;
5 — elastic element; 6 — table; 7 — drive; 8 — pin;
9 — crosshar; 10, 11 — thrusts

During operation of the parametric vibration
exciter, which is shown in Fig. 4, its efficiency
can be expanded by providing the ability to
regulate the elastic system. The vibration exciter
consists of a base, vibration table and elastic
system consisting of longitudinal bending elastic
elements. The mechanism for adjusting the elastic
system and the drive are made in the form of an
electromagnet. The unit of the electromagnet is
fixed in the middle part of the elastic element, and
the anchor is fixed on the middle part of the
opposite elastic element in such a way that the

longitudinal axis of the electromagnet is
perpendicular to the direction of movement of the
vibration table. The elastic elements are made in
the form of plates, which are pivotally based with
the displacement of the centers of hinges relative
to the average plane of the plates. The vibration
exciter is equipped with additional elastic
elements, the characteristics of which are
adjustable. Element for testing is installed on the
vibration table, the mass of which causes
longitudinal deformation of the elastic elements.
At the same time, their middle parts move towards
each other. The oscillations of the system are
supplied with an alternating voltage supply to the
coil. The magnitude of the amplitude of voltage
fluctuations  determines the amplitude of
vibrations of the vibration table. By supplying
voltage to the electromagnet, it is possible to
adjust the deflection of the elastic elements.
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Fig. 4 — Parametric vibration exciter with
adjustable elastic system:
1 — base; 2 — vibration table; 3, 4 — elastic
elements; 5 — unit of the electromagnet;
6 — anchor; 7 — hinges; 8 — additional elastic
elements; 9 — element for testing

The hydraulic parametric vibration exciter is
shown in Fig. 5. Between the fixed unit and the
working movable element, four elastic support
elements, which are elastic high-pressure hoses
pre-compressed to an elliptical shape, are clamped
and connected by means of hydraulic lines to the
cavities of hydraulic cylinders. Plungers are also
installed.  Conventionally, to simplify the
description of the parametric vibration exciter,
hydraulic cylinders with plungers, a profiled cam

11
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and parts of hydraulic lines can be combined into
one concept as an oscillation generator. And the
elastic support elements of the movable working
element and the fixed unit can be combined into
one concept as the actuator (working element).

/)

1 8

Fig. 5 — Hydraulic parametric vibration exciter:
1 —fixed unit; 2 — working movable element;
3 — elastic support elements; 4 — hydraulic lines;
5 — hydraulic cylinders; 6 — plungers;

7 — profiled cam; 8 — oscillation generator

Total stiffness Cs of executive mechanism is
determined by the equation:

C:=Cu+Cp+Cs+Cp, (2

where C,, is self-stiffness of the hose under
pressure po = 0; Cpo is stiffness depends on
pressure po; Cs is additional stiffness associated
with an increase in the average pressure in the
hoses; C, is stiffness of the «hydraulic spring» of
mechanism.

It can be seen from equation (2) that the total
stiffness of the system depends on several
parameters, but the most important is the average
pressure, which can be easily changed according
to any law, including the harmonic one with
frequency 6.

When the profiled cam rotates (Fig. 5), the
plungers push the working fluid out of the cavity
of the hydraulic cylinders and supply it through
the hydraulic lines to the elastic support elements.
In this case, the average fluid pressure increases
from the minimum to the maximum value in the
elastic elements. This changes the stiffness of the
elastic support elements in the vertical direction.
For one revolution of the profiled cam, the change
in stiffness occurs twice. When certain frequency

ratios are met, in particular, when the frequency of
the liquid pulsation is twice the natural frequency
of the system, there is a violation of the
parametric oscillations of the working body.

The mathematical model of the parametric
vibration exciter will correspond to the Mathieu
equation with dissipative term (Gaponyuk, 1998):

X (t)+2eX (t)+of (L—2u-cos(6t))X (t)=0, (3)

where X is coordinate along the X axis; ¢ is
damping coefficient; u is perturbation coefficient;
tis time.

The perturbation coefficient is determined by
the equation (Kuzmin & Gaponyuk, 1997):

LEW,
CZ

NG

p= : (4)

=

where L is hose tightening length; E is total
modulus of elasticity; Wi is volume of fluid
supplied by the pulsator; Wy is volume of the
working cavity of the actuator (working body).

At certain ratios between the frequency wq of
free (natural) oscillations of the movable working
body and the frequency of pulsation @, the form of
equilibrium turns out to be unstable and
oscillations of the movable working body arise
with a sharply increasing amplitude.

Equation (3) has an increasing solution only
for sufficiently large values of the parameter u.
So, for the zone of resistance, the equation is as

following:
2
0=2aw, ’1+ ’,uz—(éj : ()
v

where A is self-oscillation damping decrement.
The self-oscillation damping decrement is
determined by the equation:

Azzﬁ. (6)
@y

It follows from the equation (5) that
instability is possible only under the condition for
the perturbation coefficient:

A
u>pr=—. (7)
T

12
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The uncontrollability of the characteristics of
the frequency and amplitude of the pulsations are
the disadvantage of parametric vibration exciter.
This shortcoming can be easily eliminated if the
hydraulic parametric vibration destroyer is
converted according to the scheme, which is
shown in Fig. 6.

The parametric vibration exciter includes
adjustable pump, adjustable hydraulic motor and
oscillation generators. Oscillation generators are
connected with an adjustable clutch, and are also
connected by hydraulic lines with the actuator on
the hoses.

Theoretically, a hydraulic drive using an
adjustable pump and hydraulic motor has an
unlimited range of output speeds of the hydraulic
motor (Bashta, 1974), and hence the pulsation
frequencies of oscillation generators. An infinitely
small pulsation frequency corresponds to an
infinitely small working volume of the pump at
the maximum working volume. And an infinitely
large pulsation frequency corresponds to an
infinitely small working volume of the hydraulic
motor at the maximum value of the working
volume of the pump. To adjust the amplitude of
the pulsating volume, the adjustable clutch is
used.

CONCLUSIONS
The parametric vibration exciter has
advantages such as: the simplicity of the design,
the relatively simple adjustment of the frequency
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and amplitude of vibrations during the operation
of the vibration exciter, the absence of friction
pairs, low sensitivity to distortions, the high
quality of the vibrations of the system. So, it
makes possible to use the parametric vibration
exciter to study and determine the conditions for
the occurrence of parametric vibrations in units
and other working body of agricultural machines.

The hydraulic drive is an effective means of
transmitting movement to the working bodies of
agricultural machines. Using a hydraulic drive
makes it possible to simplify the kinematics,
reduce metal consumption, increase their
accuracy, reliability and level of automation. With
the help of a hydraulic drive, translational, rotary
and rotating movements of the executive bodies
are carried out.

Agricultural engineering is one of the
consumers of hydraulic systems. The hydraulic is
one of the main trend in the development of
agricultural  machines, which supports in
increasing the number of working bodies,
ensuring the movement of working bodies in
relation to the machine and the machine itself in
relation to the power source with which it is
aggregated, automating technological operations
to increase productivity and improve working
conditions.

The active use of the hydraulic drive in
agriculture is determined by its well-known
advantages, which, however, can only be realized
with proper design and operation.
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Fig. 6 — Hydraulic parametric vibration exciter with parameter adjustment system:
1 — adjustable pump; 2 — adjustable hydraulic motor; 3, 4 — oscillation generators;
5 — adjustable clutch; 6 — hydraulic lines; 7 — profiled cam
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