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Abstract

Background. The main units of an agricultural machines for subsoil fertiliz-
er application are the hopper and metering unit, which provides uniform fertilizer
supply to all sowing working bodies. As a result of the main research, a hopper and
metering device with a vibratory plate operating in forced oscillation mode was
proposed, and in this paper installation types of vibratory plate on a chamber have
been theatrically investigated. The main goal of the study is to define more effective
type of installation. The vibratory plate was modeled as a flexible rod with two fixed
ends and one degree of freedom, then the vibration amplitudes and frequencies for
4 types of mounting were investigated. According to theoretical studies, a rational
model for fixing the vibrating plate is a fixed rod with two ends fixed pivotally.

Purpose. The aim of the present study is to perform the justification of the
vibration plate installation type of the hopper of the fertilizer applying machine.

Materials and methods. Figure 1 presents the scheme and experimental exam-
ple of the proposed hopper. To simulate the fastening scheme of the AB plate ends,
4 ways of fixing are proposed in Figure 3. As a result, we calculate the frequency for
each circuit, compare them with real frequencies and select one of the four ways of
fixing. During the research, it has been calculated the frequency for each circuit, com-
pare them with real frequencies and select one of the four ways of fixing. To solve the
problem described above, in the first approximation, the oscillation of the AB plate is
modeled as the oscillation of an elastic system with one degree of freedom presented
in Figure 4. The unknown parameters are determined by boundary conditions.

Results. The effective installation type of the vibratory plate has determined
by modeling it as a flexible plate with two ends fixed with one degree of freedom.
Vibration amplitudes and frequencies for the 4 ways of fixing the plate as vibrations
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of an elastic system were determined. By modeling a fixed vibrating plate with two
ends that is a one-dimensional continuous system, amplitude problems and fre-
quency equations of specific and involuntary vibrations of the plate were obtained.
According to results it concluded that the rational model of a vibrating plate is a
fixed plate with two ends hinged. The specific frequency of the plate was approxi-
mately the same as the results of the calculation of the body model identified earlier.

Conclusion. The studied data is required for further analysis using computa-
tional fluid dynamics (CFD) and discrete element method (DEM).

According to the general search, it should be noted that the seeding device with
the proposed compensating chamber provides 4.37-6.63% seeding unevenness and
5-5.8% seeding instability.
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Hayunas crarbst

OBOCHOBAHME THIIA YCTAHOBKHA
BUBPOIIVIMTHI B BYHKEPE MAILLIUHBI
JJIsI BHECEHUA YAOBPEHUUA

C.0. Hykewee, X.K. Tanoaes,
A.K. Monoascanos, A.T. Kaboynuna

Annomauusn

O6ocHoBanue. OCHOBHBIMU Y3J1aMH CEIbCKOX035ICTBEHHBIX MAILIUH [UIS IOA-
MTOYBEHHOTO BHECCHUS Y0OpEHHH SBISIOTCS OyHKEp U J103aTOp, KOTOphIe o0ecte-
YHUBAIOT PABHOMEPHYIO MOfIady YAOOpEHMH Ko BceM pabounM opraHaM cesnku. B
pe3yabTaTe OCHOBHBIX MCCIEJOBAHUM ObLI NpeuIoxkeH OyHKep-103aTop ¢ BUOPO-
IUINTOH, paboTaroleil B pexuMe BBIHYKICHHBIX KOJIe0aHui, a B JaHHOW pabote
TeaTpabHO NCCIIeJOBAHbI THITHI YCTAHOBKH BHOPOTIINTEI Ha Kamepy. OCHOBHOIA 1ie-
JIbEO MCCIIEOBAHUS SBISIETCS onpeeaeHue 6oiee 3hPEeKTUBHOIO TUIIA yCTAHOBKH.
Bubpormura MoznenupoBaiach Kak TMOKHN CTepkKEHb ¢ IBYMs (PUKCHPOBAHHBIMU
KOHIIAMH U OIHOH CTETICHBIO CBOOOJIBI, 3aTeM OBLIH MCCICAOBAHBI AMITIUTYABI U
9acTOTHI KoeOaHwi Jutst 4 TUITOB ycTaHOBKH. COITTACHO TEOPETHYECKUM HCCIICI0Ba-
HUSIM, PALIOHATIBbHON MOZENBIO KPETIEHHS BUOPOILUIUTSI SIBJISIETCS] HETTOABHIKHBIIN
CTep>KEeHb C JBYMsI KOHI[AMH, 3aKPEIICHHBIMH IIAPHUPHO.



764 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

Heab. Llenbro HaCTOAIIETrO UCCIEIOBAHYS ABIAETCS 000CHOBAaHUE TUIIA yCTa-
HOBKH BUOPOILIMTHI B OyHKEPE MAIIMHBI JUIsl BHECCHUS YI0OPCHHIA.

Marepuaasl u Metoabl. Ha pucynke 1 mpencraBnena cxema U SKCIepUMeEH-
TaJbHBIN IPUMEP MpeIaraeMoro oyHkepa. J{jst MoIemMpoBaHus CXeMbl KPETLICHHS
Top1oB r1acThH AB Ha pucynke 3 npeuioxensl 4 ciocoda kpereHust. B pesynbsrare
MBI PACCUUTHIBAEM YACTOTY JIJIsl KYKIOU [IEIH, CPABHUBAEM €€ C PealTbHON 9acTOTON
1 BbIOMpaeM OJIMH U3 YeThIpeX Croco0OB KperuieHus. B xone uccienoBanus Obun
pacCuUrTaHbl YaCTOThI IJIA KaXKA0I'0 KOHTYpa, CPaBHCHBI C PE€AJIbHBIMA YaCTOTaMU U
BBIOpaH OAMH M3 YETHIPEX CHOCOOOB KperuleHus. [Jisi pemeHus OnMCcaHHON BhIIIe
3a/1a4M B IEPBOM TIPHOIMKEHUH KoJleOaHHs TiacTHHBI AB MofemmpyroTest Kak Kolie-
GaHMs yIPYroil CHCTEMBI C OHOH CTENeHbIO CBOOOIbI, IPECTABIEHHON Ha PUCYHKE
4. HemsBecTHbIe mapaMeTpbl ONPEEIIAIOTCS TPAHMYHBIME YCIOBHSMH.

Pesynbrarbl. DHOEKTUBHBIA THIT YCTAHOBKU BUOPOIUTHTHI OBLT OTIPE/ICIICH Iy TeM
MOJIETIUPOBAHMUSL €€ KaK MMOKOM IJIACTUHBI, B KOHIA KOTOPOH 3aKpeIUIeHbI ¢ OHOM
CTereHbI0 cBO0O/IBI. OMpe/ieNIeHbl aMITUTY/IBI M YaCTOThI KosieOaH i Juist 4-X Crioco00B
KpEIUIeHHs IUTUTHI Kak KojleOaHuii ynpyroi ciucteMsl. [Tpu MoemmpoBaHiy HENOABIK-
HOM BUOpUpY!OLIeH IIaCTUHBI C IByMsI KOHLIAMU, IIPECTaBILIIOIIEH co00i oHOMEp-
HYIO HCTIPEPBIBHYIO CUCTEMY, ITOJTYHYCHBI aMIUTMTYTHBIC 3a/1a91 U YaCTOTHBIC YPaBHCHUS
COOCTBEHHBIX 1 BEIHYKIEHHBIX KOJIeOaHMI ITacTHHEL [10 pesynbraram caenaH BBIBO,
YTO PAIMOHAILHOI MOJIENbIO BUOPHPYIOIIEH MTACTHUHBI SIBISIETCS] HETTO/IBIDKHAS 1A~
CTHHa C JABYMs HIAPHUPHO 3aKPCIJICHHBIMU KOHIIaMU. y}]e)’leaﬂ qacToTa INIaCTUHBI
MIPIMEPHO COBMAJIA C Pe3yJbTaTaMH pacueTa MOJISIH TeJla, ONpeieJIeHHOM paHee.

3akuirouenue. VccinenoBanHble TaHHbIE HEOOXOAUMBI JUIs JTAJIbHEHIIIETo aHa-
JIN3a C UCTIOJIb30BAHUEM BhIUMCIUTENbHOIH ruponunamMuku (CFD) u metona muc-
KpeTHBIX 31eMeHTOoB (DEM).

ITo pe3ynbraram 00LIEro MOMCKa ClIeyeT OTMETHTD, YTO BHICEBAIOIINI anmapar
C IPEAJIOKEHHON KOMIICHCAIIMOHHON KaMepoi 00ecreunBaeT HepaBHOMEPHOCTh
BoiceBa 4,37-6,63% u HecTaOMIBHOCTD BhIceBa 5-5,8%.

KaroueBble ciioBa: aMIuTy/Ia; OyHKep CEsUIKU; KoleOaHus; yI00peHus; IToYBa

Jns uutuposanus. Hykemes, C. O., Tanbaes, X. K., Monnaxanos, A. K., &
Kabmynuna, A. T. (2025). O60cHOBaHKE THTIA yCTAaHOBKY BUOPOILIUTHI B OyHKEpE Ma-
LIMHBI T BHECeHUs ynoOpenuid. Siberian Journal of Life Sciences and Agriculture,
17(6-2), 762-776. https://doi.org/10.12731/2658-6649-2025-17-6-2-1578

Introduction

The main component of agricultural units for intra-soil fertilizer application is
the presence of a hopper and dosing device, which ensures uniform fertilizer deliv-
ery to all working bodies. However, most machines cannot efficiently allocate and
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apply the fertilizer in the soil. One of the problems faced by farmers and fertilizer
machines operators is vaulting in hoppers; the accumulation and sticking of fertil-
izer in the corners and low parts of the hoppers, the formation of vaults (clogging)
above the seeding windows [ 1-4]. It makes difficult to dose fertilizer evenly and, by
disrupting the technological process of fertilizer application it leads to a reduction
of agronomic efficiency [5-7]. In this regard, a hopper-dosing machine that oper-
ates under forced vibration was developed. The hopper equipped with a vibrator
and compensation chamber [8; 9] to induce a vibration. The main work component
is the vibrating plate that mounted in the compensation chamber. Currently, the
known types of hopper vibrator designs are suspended rigid vibration drive, crank
vibration drive, pulley vibration drive, recessed vibration driver, etc. The design of
the vibration motor, which is usually installed on the hopper, depends on the size,
shape and design of the body, the angle of inclination of the base, the thickness of
the walls, the strength of the supports, as well as many factors, such as the design
of the vibration motor. Vibrators are divided into electromechanical, electromag-
netic, hydraulic and pneumatic actuators [10-13]. Vibratory thrusters are also char-
acterized by complexity in design, control and maintenance. Energy consumption
is only insignificant. Vibration from the vibration actuator is transmitted to the wall
of the hopper or directly to the material. At the same time, a significant disadvan-
tage of these actuators is that vibration not only loosens the material, however also
contributes to the compaction of the material [14; 15].

On the proposed design the vibrating motor installed independently and influ-
ences to the vibrating plate that according to owned amplitude and according to its
property vibration condition multiples. The connection type of the vibrating plate to
the chamber walls is very important to obtain the required vibration amplitude and
its rising. The vibratory plate was modeled as a flexible rod with two fixed ends and
one degree of freedom, then the vibration amplitudes and frequencies for 4 types of
mounting were investigated. The main purpose of the study is to determine and the-
oretically substantiate the most acceptable type of installation of the vibratory plate.

Materials and methods

Figure 1 presents the scheme and experimental example of the proposed
hopper. The bulk of the fertilizer in the hopper (1) falls into the chamber (3)
under the action of the conic-helical spring. The vibrating plate (5) ensures that
the fertilizer falls continuously and evenly onto the belt, which then guides the
fertilizer into the pipes. The connection type (6) of the vibrating plate to the
chamber walls is very important to obtain the required vibration amplitude that
provide fertilizer fall-flow without any vaulting problems.
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. Compensating chamber §
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. Hinge joint

. Rod exciter

to the pipes
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Fig. 1. The scheme and experimental example of the proposed hopper

NN
N

Fig. 2. The scheme of the plate and pole position

The AB ends of the thin elastic vibrating plate are fixed on the chamber wall.
The rod exciter DC is perpendicularly fixed with the end C on the center of the
plate AB. In this case, the plate AB makes horizontal vibrations [8; 9] (Fig. 2).
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To simulate the fastening scheme of the AB plate ends, 4 ways of fixing are
proposed (Fig. 3). As a result, we calculate the frequency for each circuit, com-
pare them with real frequencies and select one of the four ways of fixing. During
the research, it has been calculated the frequency for each circuit, compare them
with real frequencies and select one of the four ways of fixing.

L7 % i 7 % 72 %5

1) The case of hinged fixation 2) The case of two ends
of both ends are rigidly fixed
A B A B
VZ%: V
K K B
1/2 Yy 7wz /2 L2 7
T 1
r I 1 |
3) The case of the two ends are fixed 4) The case of two ends are secured
by springs by swing springs

Fig. 3. Ways of fixing the plate ends (AB)

To solve the problem described above, in the first approximation, the oscil-
lation of the AB plate is modeled as the oscillation of an elastic system with one
degree of freedom (Fig. 4). Consider the specific oscillation of a plate with two
ends rigidly fixed. The plate is affected by the elastic force F, and gravity G.

_ A 8 _
N 1 T 0

Q) 1

Fig. 4. Forces acting on the bent plate element

If the plate is affected by an elastic force F, then the load is in free swing
along with the plate. The specific cyclic frequency can be found using the formula:

w= \/% (1

where, ¢ — is the springiness of the plate,
m — is the given mass of the plate, which takes into account the mass of the
load on the plate and the mass of the plate.
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The specified mass of the plate using the coefficient of adjustment K :
m = §+ Kmpl. )

The kinetic energy of the plate and the kinetic energy of the additional mass
oscillating with the load are determined by equation [16].

Km =5 Jy " y?de. 3)
where, K — is the plate mass reduction factor, y is the plate bending function
depending on the coordinates of the plate points, §% is the maximum static
bending of the plate.

Then, the cyclic frequency of the system — w and the period — 7 are calcu-
lated using the following equations:
g 1

w= [ ———
Ser 1+KmpTgl'

{T = 2 [P (14 K, 2%)

As can be seen from the equation (2.28), to calculate the frequency and pe-
riod, it is necessary to know the static bending and the given mass coefficient,
depending on the ways of fixing the plate. To determine the static bending of
the plate, we use the method of initial parameters [16], (Fig. 5). The bend of
the plate can be written as: ,

=)

1 2
Y = Yo+ 00x + 4| Mo+ Qo — G|, )

4)

3
3! 3!
where y; and 0 — is the angle of bending and bending of the plate at point O;
E — longitudinal elastic module of the plate;
J — the inertial moment of the cross section of the plate;
M, and Q, — bending moment and horizontal force at the point O;
x — longitudinal axis of the plate.

G
a

&
%CT . —

I,

- T

Fig. 5. Diagram of the force acting on the plate
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The center of the plate is affected by gravity G. The bending moment
M, and the transverse force O, at point O are equal to the reverse effect
of the fixing moment and the support at the left end of the plate, respec-
tively. They, in turn, are determined from the equilibrium conditions of

known statics.

Table 1.

The opposite effect of supports in different ways of fastening the plate
when gravity falls on the center of the plate

Types of fixing the ends of the vibrating plate Equations
1. The case of hinged fixation of both ends My=0; Q= g
2. The case of two ends are rigidly fixed My =— %; Qo = g
l
3. The case of the two ends are fixed by springs My =— %; Qo = g
] ] _ Gl G
4. The case of two ends are secured by swing springs | Mo = — 2@y Qo= >

The boundary conditions for the 4 ways of fixing the plate ends are given

in Table 2.
Table 2.
Boundary conditions for fixing plate ends

Type.s of fixing the ends of the vi- Equations

brating plate

1. The case of hinged fixation of both o = O: dy -0

ends V=0 =T Gezlerg ~

2. The case of two ends are rigidly dy =0: =0

fixed dxly=0 Vhe=o = 0.

3

3. The.case of the two ends are fixed d_y =0, EI d_y —k-Ylyeo = 0.
by springs dxly—o dx3| _ o

4. The case of two ends are secured @ _ ﬁ . ﬂ - 0. _

by swing springs dx? w0 EI dxly=o iYlx=0 = 0.

where £ is the spring stiffness, £, is the torsion spring stiffness (Fig. 3).

The unknown parameters y, and 6, are determined by boundary conditions.
If set the equation (5) to the conditions given in Table 2, it allows to obtain the
above parameters. The results are presented in Table 3.
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Table 3.
Initial conditions of y, and 0 for the ways of fixing the plate ends
Types of fixing the ends .
of the vibrating plate Equations
i i 16
1. The case of hinged fixation of both Yo=0; 6y=—=2 12
ends EI 4
2. The case of two ends are rigidly fixed Yo=0, 6,=0
3. The case of the two ends are fixed b, G
spri Y Yo=53 6p=0
prings 2k
4. The case of two ends are secured by =0 6, = — Gl
: : Yo=VU; 0= "33 .
swing springs 23k (u+1)

As a result, according to those given in tables 1 and 3, the unknown quan-
tities in the equation (5) the y, and 0, the M and O, were determined for all
fixing types. Further, from the equations (3) and (5), we find the static bending
and the given mass coefficient for all four ways of fixing the plate ends. The

results are presented in Table 4.

Table 4.

The equations and values of the 6  the static bending and K — the plate mass
reduction coefficient for 4 ways of fixing the plate ends.

Types of fixing the ends

of the vibrating plate Equations
GI3
. Ocr = Ymax = 7o
1. The case of hinged 48E]
fixation of both ends 17
Ky = 3
P _ G 3
2. The case of two ends er = Ymax = 797p]
are rigidly fixed 13
Ky = 3T
3
8t = Ymax = 7= (3-2°r = 1)
3. The case of the two o Ime 3201
ends are fixed by springs 25 ) s 3 2
Kp=————(32-2572-3r - ———
m (3-25r—1)2( e 7-7-25)
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GI®  4u+1
Ocr = Ymax = _26'—3E1. L+ 1
4. The case oftwo_ ends 3245 (u+ 1) u 1 1
are secured by swing Ky = [_ L
springs 4u+1 22(u+1) 23 26-3(u+1)
1
+ 3 26]
__2EI __EI
where,u—Tk—1 TEE

Suppose that the return force F, acts on the plate as the resistance force

R = —ay and the forcing force S = H sin pt. Here, the plate involuntarily oscil-
lates, where « is the coefficient of resistance of the external environment, H is
the amplitude of the acting force, p is its cyclic frequency. Here, the movement
of the load can be written with this differential equation. Involuntary oscilla-
tion is an independent solution to the differential equation of plate oscillation:
j + 2ny — w?y = hsinpt, (6)

a
where2n==; w?=-—; h=

m
The independent solution of the equation in case n < ® (6) is written as:

— sin (pt —tan~! ( 2np )) (7)

(W2—p?)2+4n? w2—p?

3=

3o

YVaeps =

According to the equations of Table 4 and Eq. (4), the theoretical values of
the frequency are determined (Table 5).

Table 5.
Theoretical frequency values for different types of fixing

Methods of | The case of The case of | The case of the | The case of two
fastening of | hinged fixation | two ends are | two ends are | ends are secured by
plate ends of both ends | rigidly fixed |fixed by springs swing springs

Freqﬁez:ncy, 3.45 4.069 2.005 2.022

Results and conclusion

The effective installation type of the vibratory plate has determined by mod-
eling it as a flexible plate with two ends fixed with one degree of freedom.
Vibration amplitudes and frequencies for the 4 ways of fixing the plate as vi-
brations of an elastic system were determined. By modeling a fixed vibrating
plate with two ends that is a one-dimensional continuous system, amplitude
problems and frequency equations of specific and involuntary vibrations of the
plate were obtained. According to results it concluded that the rational model of
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a vibrating plate is a fixed plate with two ends hinged. The specific frequency
of the plate was approximately the same as the results of the calculation of the
body model identified earlier.

The studied data is required for further analysis using computational fluid
dynamics (CFD) and discrete element method (DEM).

According to the general search, it should be noted that the seeding device
with the proposed compensating chamber provides 4.37-6.63% seeding un-
evenness and 5-5.8% seeding instability.

Conflict of interest information. The authors declare that they have no
conflict of interest.
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