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ABSTRACT: The article provides information on theoretical study of the separation process of soybeans from bean-
pods under influence of device rickers that separates soybeans from pods. The results of theoretical studies show that in
order to separate soybean seeds from their pods, maximum value of impact force acting on them must be around max=
7.9N.
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. INTRODUCTION

It is known that today, in order to separate the seeds of agricultural crops from corn and legumes, complex, high-
productivity and powerful combines are used. These combines are able to harvest the crop quickly and with high
quality, and their use on seed farms is not economically justified. With this in mind, in recent years, due to the
establishment of farmers and farms in agriculture, there is a need for energy and resource-saving devices to separate the
seeds of agricultural crops from legumes in order to properly organize the work of seeding. This is because each farm
will be able to produce required amount of seeds from seeds of cultivated agricultural crops, depending on their needs.
Therefore, the development and substantiation parameters of energy and resource-saving device for the separation of
agricultural crops seeds from cobs and legumes, which meet the needs of farmers and farms, is very relevant and of
great importance for the national economy.

Il. BACKGROUND OR RELATED WORK

In foreign countries, including Russia, certain amount of research has been carried out on development of devices that
separate the seeds from cobs and pods, as well as to substantiate their constructive dimensions and modes of operation
[1,2]. However, structure of devices developed by them is compound, and insufficient research has been done to
theoretically substantiate the separation of seeds from cobs and pods under influence of piles in the technological
process of seeds separation from agricultural crops.

Theoretical substantiation of the separating process soybean seed from the pods without damaging it by interaction of
the device with rickers attached to the shaft in the form of screws.

I11. MATERIALS AND METHODS

In the theoretical study of separation process of soybean seeds from the pods with rickers attached to the shaft of the
device in form of screws, it was carried out on the basis of mathematical analysis using laws and rules of theoretical
mechanics.

IV. ANALYSIS AND RESULTS

As a result of patent research, preliminary theoretical and experimental research, special device was developed to
separate soybeans seed from legumes [3,4,5,6]. Figure 1 shows schematic diagram of device designed to separate
soybean seed from pods.
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a) side view; b) view from above
1-cylinder; 2-shaft; 3-rickers; 4-loading bunker; 5-flanges; 6-fan; 7 and 9-pulleys; 8-protection device; 10-basis;
11-electric motor; 12-sieve; 13-framework; 14-bearings; 15-output window
Fig. 1. Schematic diagram of the device that separates soybean seeds from pods

The device consists of hollow cylinder 1, shaft 2, rickers 3, loading bunker 4, flanges 5, fan 6, pulleys 7 and 9,
protection device 8, basis 10, electric motor 11, sieve 12, framework 13, bearings 14 and output window 15.

Inside the hollow cylinder 1 is mounted shaft 2 with help of flanges 5 and bearings 14, to which are fastened in the
form of screws 3 at a certain distance from each other and at an angle. A fan 6 is attached to the front of shaft 2 to
create airflow.

A certain distance is left to the right of the fan 6, and upper part of the hollow cylinder 1 is equipped with loading
bunker 4. At its bottom, a sieve 12 is mounted, leaving certain distance from the straight of loading bunker. A special
window 15 is opened on opposite side of the end section to expel the crushed sob and stem pieces from inside the
hollow cylinder 1.

The principle of operation of the device is as follows. When it is connected to the mains, electric motor 11 and pulleys
7 and 9 are driven by a belt drive in the form of screw 3 fastened shaft 2. At this time the seeds of agricultural crop are
loaded into loading bunker 4 with stems and pods. When the seeds of crops’ fall into the hollow cylinder 2 from
loading bunker 4 with the stalks and pods, the rickers 3 hit them and separate the seeds from pods. The rickers 3 not
only separate the seeds from pods under influence of impact, but also push them forward in direction of the shaft 2
rotation, as they are fastened in the form of screw. The seeds left in the pods are completely separated as a result of the
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other rickers 3 hitting in the direction of movement and being pushed forward. Pieces of crushed stems and pods are
thrown out through a special window 15 on the opposite side of the hollow cylinder 1. The seeds separated from the
pods are sent for placement in bags through the sieve 12 in the direction of movement and under influence of the air
flow generated by the fan 6. In this way, the technological process of separating the seeds of agricultural crops from
legumes continues uninterrupted.
Preliminary experimental studies on seeds separation of agricultural crops from legumes have yielded positive results.
It should be noted that the eyes of the sieve 10 mounted on the bottom of hollow cylinder 1 can be separated from cobs
and pods of all types of agricultural crops by replacing eyes of the sieve with mesh of desired diameter according to the
geometric dimensions of seeds.
In process of technological operation of the device, it is important to study interaction of the rickers 3 attached to the
shaft 2 in the form of screw with pods in order to separate soybean seed from ears and pods. Therefore, we theoretically
study the process of seeds separation from them under influence of impact force F, applied to the pods by rickers.
Under influence of impact force, soybean seeds undergo compression and elongation deformations.
Figure 2 shows a diagram of the interaction of soybean seed with a ricker.
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Fig. 2. Interaction Scheme of ricker and soybean legume: 1-ricker; 2-soybean legume

As can be seen from the diagram shown in Figure 2, under influence of impact force F,, the compression of soybean
legume 2 relative to the axis x and elongation deformation relative to the axis y occur. The separation of soybeans from
pods under the influence of deformation depends on its compression or elongation. To confirm this, we use equation of

relationship between the moment of force and moment of inertia of the impact force F, acting on legumes by rickers [7].
EJ(y,)dx

(yl)2 My, (1)

dy,
where E - modulus of elasticity, Pa; M(y,) - compressive moment under influence of impact force, N - m; J(4) -
moment of inertia, kg-m?%
If the moment of force relative to the axis Y is equal to M(y,) = —F,y1, the moment of inertia is equal to

Z4

Y1) =" @
For theoretical and mathematical analysis of the moment of inertia we use the scheme described in Figure 3 [7,8]
Using Figure 3, we get sphere equation

2 +(R-y) =R% @)

If we solve expression (3) in relation to z and put it in equation (2), we get following expression
v

‘](yl)zzylz(ZR_yl)z' (4)

where R - average radius of soybean legume, m.
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Fig. 3. Calculation Scheme for the moment of inertia

Substituting expression (4) into expression (1), we obtain following equation

E% y, (2R-y,)"dx?

Fy, = . ®)
xyl dy12
Solving expression (5) in relation to d_xlz we obtain following equation
dy,

2 4F
dx12 _ I (6)
dy,” ~zEy,(2R-Y,)
Integrating expression (6) once, we obtain following equation
W L TS @)
dy, 7E”y(2R-Yy,)
or
d F 2R -
N B PO YOS ®)
dy, ~#E|[R Y, R(2R-Y,)
X1 in expression (8) is equal to the following

Fl 1 2R-y 2 dy

= In dy, —— | —=—[+Cy, +D. ©)

% 7TE|:R7Z2J. Y, % R-[ZR—yl Y

Based on the initial conditions C and D are invariant, we determine their value under following conditions: and x =R,

X _gand y, =0,

dy,
If so x =R, the value of C'in (9) is as follows
2F
C= . (10)
7ER
Substituting this expression for (9) gives the following expression

F (2R-y)In(2R-y,) vy, Iny 2F
=—212- 1 1= 14 2In(2R - +| —= |y, +D. (11)
% ﬂER{ R R (@R=%) ZER )"
we determine the value of D using the equation x, =R and y =0
4F
D=——>2. (12)
7ER

Substituting this expression into expression (11), we form following expression
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F 2R-y)In(2R-vy,) vy, Iny 2F 4F
=—2- L -1 142In(2R- — 1y, ——. (13)
%= ZER R R (@R=%) |+ ZER )" 7ER

The expressions (13) shows that the force of impact on soybean legume by the rickers causes legume to be compressed

in width and elongated in length. In general, the impact strength depends on modulus of elasticity in the process of

separating soybean seed from pods.

If the maximum impact force expended by rickers to separate soybean seeds from pods is used to compress them across

the width, i.e. y =0, the expression (13) will be as follows.
2F,

The expression (14) shows that based on the physical and mechanical properties of legume soybeans, its deformation

X1imax = 1.8 mm and E = 0.62 MPa and R = 4.5 mm, maximum impact force to separate soybean seeds from pods value

F,=79N.

If the value of impact force decreases from this value, soybean seeds will not be separated from pods, and if it increases,

the degree of damage to the isolated soybean seeds will increase.

(14)

IV. CONCLUSIONS

Separation of soybean seeds without damage under influence of rickers fastened to the shaft of device in the form of
screws is achieved when the value of the modulus of elasticity £ = 0.62 MPa, average radius of the legume soybean R =
4.5 mm, the deformation of the legume X;max = 1.8 mm and maximum value of the impact force F, = 7.9 N.
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