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Abstract: The article presents the results of theoretical research on the development of a
combined roller structure and the study of its vibrational motion in the vertical direction. It has
been studied that an oscillating system with equal degrees of freedom oscillates in a vertical
direction under the influence of a driving force. As a result of the research, a differential
equation representing the vertical oscillations of the system was obtained. There is also a
formula that represents the elasticity of prujinanitng, which is most commonly used in
agricultural machinery.
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Introduction

In the cultivation of agricultural crops, including small-seeded crops, special attention should be
paid to compaction of the soil, leveling the surface of the buds. The required amount of soil
density and the flatness of the pile surface allow for good water, air and heat regimes, sowing the
seeds to the same depth, and allowing the seeds to interact with the soil.

In planting machines, rollers are usually used to compact the soil or to level the pile surface.
Depending on the shape of the working surface, the rollers can be smooth, cylindrical, annular,
star-shaped, ponasi-shaped, conical, and so on. will be. Depending on its function, it can be
flattening, compacting, smoothing, smoothing the surface and universal [1].

As a result of the research, the construction of a combined roller used for row sowing of onion
seeds was developed (Fig. 1). The combined roller consists of a stepped shaft 1 rotating about its
axis, a truncated conical disc 2 and 3 compacting the side walls of the ridge, two ends 4 and 5
compacting the upper part of the ridge, and three intermediate 6, 7 and 8 elastic rubber
cylindrical rings. , consists of 9, 10, 11 and 12 ponasi rings that open narrow ditches for sowing
seeds. Ponasimon ring 9, 10, 11 and 12 have a knife-shaped tip 13 that opens narrow grooves for
seeds and grooves 14 that form small peaks on the surface of the bud to bury the soil deformed
from the narrow grooves after sowing the seeds. For fixed mounting of the working parts of the
combined roller, on one side of the shaft 1 there is a step 15 larger than the inner diameter of the
cut conical discs 2 and 3, and on the other side the thread is opened and they are tightened by
means of a spring washer 16 and nut 17.
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Figure 1. Combined reel

The combined roller works in the following order: during operation, the cut conical discs
mounted on the shaft 1 rotate 2 and 3, compacting the side walls of the ridge to give a
trapezoidal shape to the ridge and forming irrigation ridges at the required depth. At the same
time the flexible rubber cylindrical ring 4, 5, 6, 7 and 8 compacts and flattens the upper part of
the pile, the ponasal ring 9, 10, 11 and 12 crushes the existing lumps at the top of the pile using
the knife tip 13 and narrow grooves for seeds. opens. Deformation of the soil from the opened
narrow ditches creates small peaks on the surface of the ridge to bury the seeds sown using the
grooves 14s inrings 9, 10, 11 and 12.

The rollers are fixed or movable to the frames of the planting machines during operation.

It is stated in [2] that when the working bodies are fixed, they are not able to adapt to the
microrelief (unevenness) of the field surface, and any change in the position of the machine
frame leads to a change in the depth of immersion of the working bodies. As a result, the
stability of the machining depth, i.e. evenness, is not ensured. For this reason, the fixed
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attachment of the working bodies to the frame is used in machines with small coverage and deep
tillage (plows, deep softeners, chisel cultivators). When hinged, the working bodies are mounted
(connected) to the machine frame by means of suspension mechanisms. In this case, the working
bodies will be able to adapt to the unevenness of the field surface, and changes in the position of
the machine frame will not have a significant impact on their walking depth.

Figure 2 shows the scheme of attachment of the proposed combined roller to the frame of the
planting machine.
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1, 3-rama; 2, 4, 7, 10 - hinges; 5, 6 parallelogram mechanism levers; 8 pressure spring; 9
combined roller frame;

11- combined reel; 12 soil

Figure 2. Attachment of the combined roller to the frame by means of a parallellogram
suspension mechanism

According to the scheme shown in Figure 2, we consider the quality of a mechanical system in
which the degree of freedom of this oscillating system is equal. Let's make a calculation scheme
of this oscillating mechanical system (Fig. 3).

c2 @

Fosineot

Figure 3. Calculation scheme of a vibrating mechanical system

Copyright (c) 2021 Author (s). This is an open-access article distributed under the
terms of Creative Commons Attribution License (CC BY).To view a copy of this (

ISSN 2697-2212 (online), Published under Volume 9 in September-2021 Volume 9 Zoa
4

license, visit https://creativecommons.org/licenses/by/4.0/

Page: 74



=

ACADEMIC

Academic Journal of Digital Economics and Stability

JOURNAL Volume 9, 2021

ISSN 2697-2212 Online: https://academicjournal.io

An oscillating system with the same degree of freedom as shown in Figure 3 performs a
oscillating motion in the vertical direction under the action of a force FOsinot, and it is under the
influence of a constant gravitational force G. The oscillating system is attached to the machine
body from the top by means of a pressure spring with a coefficient of elasticity s1. From the
bottom, it interacts with soils with a coefficient of elasticity s2 and a dissipation coefficient b2.

To solve the problem, we first construct the equation of motion of an oscillating system

my —mg +cy —b,y —c,y = F;sin wt (1)

where m is the mass of the coil, kg; - generalized acceleration, m/c?; y - generalized speed, m /
s; Fo- driving force,H; g- free fall acceleration, m/c?; w- vibration frequency,c™; t- time, c.

One of the main requirements for the roller is that the sown seeds should be sufficiently
compacted in the soil layer to ensure good interaction with the soil. The compressive strength
applied to the soil depends in many respects on the volumetric compaction of the soil. Therefore,
we express the deformation property of the soil as follows

¢,y +6,y=0Sh, (2)

where q is the coefficient of volumetric compaction of the soil, N / m3; S-compacted soil
surface, m2; h is the thickness of the soil to be compacted, m.

Given Equation (2), we write Equation (1) as follows

my —mg + ¢,y — gSh = F, sin wt (3)
(3) Divide both sides of the equation by m
y—g+ﬁ—q—8hzisina)t 4)

m m m

For convenience in subsequent calculations, we write Equation (4) as follows

y+ﬂ=g—q—8h—isina)t (5)
m m m

According to [3], the oscillation frequency in linear oscillations is expressed as follows

\/% o (6)

Next, we write the final equation of motion of an oscillating system with equal degrees of
freedom as follows

y+w2y=g—@—isinwt (7)

m m
(7) The differential equation is a second-order non-homogeneous linear equation with a constant
coefficient. Therefore, according to [4], the general solution of a non-homogeneous equation is
expressed as the sum of y2, the general solution of a homogeneous equation corresponding to a
particular solution of this equation y1, i.e.

y=Y.+Y, (8)
ISSN 2697-2212 (online), Published under Volume 9 in September-2021
Copyright (c) 2021 Author (s). This is an open-access article distributed under the Volume 9’ 2021

terms of Creative Commons Attribution License (CC BY).To view a copy of this
license, visit https://creativecommons.org/licenses/by/4.0/

( Page: 75



Academic Journal of Digital Economics and Stability

ACADEMIC
E} JOURNAL Volume 9, 2021

ISSN 2697-2212 Online: https://academicjournal.io

First of all, a homogeneous equation {+ @’y =0 we solve. In this case, the characteristic
equation is as follows

k*+w®=0. 9)
The general solution of a homogeneous equation is expressed as follows
y, =C,sinawt+C, cosart . (10)

In the next step, we solve the non-homogeneous equation. His solution
y, = A+t(Bsinat +Ccosawt) apparently looking for. Its first and second derivatives are as

follows
y = Bsinwt+C coswt +t(Bwcos wt —Cwsin at),

y = 2Bwcos wt — 2Cwsin wt +t(—Ba)2 sin ot —Cw’ cos a)t).

Putting the above into equation (7), we obtain the following

. . . F .
2Bwcos ot — 2Cwsin ot +t(-Bw’ sin et —Co’ cos ot )+ Ao’ +1Bw’ sin wt +tCaw’ cosmt = g _95 B Gin et
m m
. F .
2Bwcoswt —2Cwsin ot + w’ A= g _gsh ——Csinawt
m m

In this case, A, B and S are constant coefficients to be determined. We define them as follows

_gsh 9 _gsh
m ®*  @*m

2Bw=0 , = 0

2C:a)=i Fo

m 2Mw

Aw® =g

O W >
I

So, the general solution is as follows
g gsh

I:0
= +—2-tcoswt . 11
2 @0 o®m 2me (11)

Considering the above, the solution of equation (7) is as follows

. g gsSh F
y=Vy,+Yy,=C;sinot+C, COSCOHE_a)ZmJF eri’a)

Agar y(0)=0, y(0)=0 then Equation (7) looks like this

{COS @t . (12)

h Foo. h F

y= q? —% cos wt — —2—sin cot+%—q§ +——tcosmt (13)
o‘m 2mw o° om 2mo

In the next stage of the work, we will determine and calculate the incoming parameters.

First we determine the coefficient of elasticity of the pressure spring. It is worth mentioning the
design features of the springs most commonly used in agricultural machinery [5]:

» relatively high values of their geometric parameters: initial length (height) and diameters of

springs;
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» the winding angles of such springs are in the range of 40... 8o;
» Asarule, such spiral springs are made of circular surface wires.
We determine the coefficient of elasticity of the pressure spring using the Wood formula as

follows [6]
Ed*
cl = d d 2 (14)
8DN(L+—————)
2D, 2D,

in this E- shear elastic modulus, H/Mm?; d- the diameter of the spring wire, Mmm; Do- average
diameter of spring, mm; n is the number of working packages, pcs.

Using the following unwanted parameters, we calculate the value of the coefficient of elasticity
of the pressure spring by performing a numerical solution of expression (14), where £=89000
H/mm?, d=5 mm, Do=45 mm, N=15. In that case, the coefficient of elasticity of the pressure spring
c1=5 H/mwm as long as it happens.

qp s . . 1
m=15 xr the oscillation frequency of the pressure spring in the operating mode when @ = \/g .C
1

In doing so, the combined roller carries out a harmonic oscillation during the compaction of the
soil and exchanges kinetic energy with the soil. In fact, free harmonic oscillations arise from the
exchange of kinetic energy or potential energy. Systems that perform such vibrations must
consist of inert or of course flexible elements. However, the free oscillation frequencies of
mechanical systems with the same elements depend not on the parameters of the elements but on
the initial conditions. It is also expedient to apply the results of the research in the calculation
and design of vibrating working bodies of other types of technological machines.

The results of the research conducted in detail in the calculations and design of the working
bodies of the co-operative system in technological machines of various designations.
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