4

Engineering, 2021, 13, 544-553

"“ Scientific https://www.scirp.org/journal/eng
0 " Research :
94% Publishing ISSN Online: 1947-394X

@,

ISSN Print: 1947-3931

Theoretical Study of Seed Movement in Cotton
Seeds Selection Device

Obidov Avazbek, Sultonov Mirzaolim

Department Engineering and Technology, Namangan Institute of Engineering and Technology, Namangan, Uzbekistan

Email: aobidov@list.ru

How to cite this paper: Avazbek, O. and
Mirzaolim, S. (2021) Theoretical Study of
Seed Movement in Cotton Seeds Selection
Device. Engineering, 13, 544-553.
https://doi.org/10.4236/eng.2021.1310039

Received: August 27, 2021
Accepted: October 26, 2021
Published: October 29, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

(oRon]

Abstract

The aim of the research work is to increase the yield of cotton fiber by im-
proving the processing technology of germinated seeds, to improve the
quality indicators of seeds and lint. In order to achieve this goal, a mesh
surface device was created to sort the seeds into fractions. Sorting technol-
ogy was developed on this device and operating modes were determined. In
addition, the law of surface distribution of the fractions separated from the
cotton stream moving along the surface of the net was determined, and
based on the results of practical and theoretical research, a mode of sorting
of cotton seeds was developed. As a result, differential equations of the law
of oscillation of seeds on parallel bases, taking into account the angle of in-
clination for the movement of cotton seeds on the sorting surface, were
constructed and programmed on a computer to construct the trajectory of
seeds. On the basis of the laws of motion, the optimal value of the angle of
inclination on the horizontal, which gives the state of sorting of seeds, as
well as the values of the amplitude and frequency of vibrations, was deter-
mined.
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1. Introduction

In recent years, the world market has been in demand by consumers for a certain
range of cotton products and quality indicators. In this regard, the tasks for
scientists and researchers in the field of primary processing of cotton are set for

creation “smart” technologies which can control the quality and quantity of
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cotton products. In addition, current issues of the present period, there are
several issues about separation of cotton fiber from seeds and increase of
efficiency of processing of ginned seeds.

Scientists in the ginning industry face important tasks such as quality produc-
tion without destroying cotton fiber, which is a valuable raw material for the tex-
tile and light industry. Loss of cotton fiber occurs mainly in the gin-linter section
of the gin. In this area, fiber loss occurs due to the addition of fiber-containing
seeds to other fibrous wastes.

The newly developed device is used when it is necessary to sort the seeds of
raw cotton from the ginning process according to their fiber content. The use of
this device prevents the addition of fiber, which is the main raw material of the
textile industry, to the waste, lint. The amount of fiber output in the enterprise is
increased due to the re-ginning of fibrous seeds or letuchka separated in the de-
vice and the separation of free fibers [1] [2] [3] [4] [5].

The addition of fiber, lint, or other fibrous waste, which is a valuable raw ma-
terial, mainly occurs when seeds with poorly purified fiber coming from the ge-
nus are added to the cleaned seeds without being sorted at the required level. In
the device offered by us, these shortcomings have been eliminated. In addition,
the seeds are cleaned of various contaminants and the energy consumption of
the enterprise is significantly reduced. That is, the seeds are divided into differ-
ent fractions on the sorting surface, and fine impurities, clean ginned seeds,
seeds prone to lintering fall into the grooves, respectively. Fibrous seeds that re-
quire re-ginning are sent to the ginning at the end of the process, where they are
separated on the surface of a felt fabric made of hard yarn. As a result, the eco-

nomic efficiency of the ginnery will increase significantly.

2. Related Works

It is known that cotton fiber plays an important role in the textile and light in-
dustries. This issue has been highlighted not only in modern research, but also in
many scientific studies conducted in any period of the republic. The issue of in-
creasing fiber output in the industry has always been relevant and remains rele-
vant.

After the ginning process at the ginning plant, the cotton fibers are cleaned of
various contaminants and sent for pressing. Demon seeds are sent to processes
such as lintering, delintering, and from them fibrous products such as lint and
short fibers are produced. Lintering and delintering of cotton seeds, Ze. the se-
paration of fiber and short fiber remaining after seed germination, is extremely
important as the main process. As a result of primary processing of seed cotton
in ginneries, fiber, short fiber, seeds and technical seeds, feathers and plums are
obtained.

The study mainly focuses on activities such as improving the quality of lint
and preventing damage to demon-possessed seeds, while increasing the produc-

tion of spinning fibers.
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In practice, the technological process of purification and regeneration is based
on the principle of transferring the seed mixture from the process one or more
times or from the regeneration machine until the material reaches the required
state. In this way, labor costs, cleaning or regeneration costs increase. The quali-
ty of cleaning and regeneration in this process depends on the number of passes
through this machine, and thus on how well the segregation mark of the seed
mixture is selected and the mode of operation of the mechanical means and
working bodies for its separation.

It is known that the following methods are used for separation [6] [7] [8]:

- separation by air flow;
- separation by mechanical means;
- material surface separation by difference;

- combined method.

3. Materials and Methods

The task is solved in the following way by placing a seed conductor grid on the
starting part of the seed sorting device, which is in the form of continuous lon-
gitudinal grooves, the cross section of the surface of which is made of circular
steel wire [9] [10].

The cotton seed cleaning and sorting device consists of the following (Figure
1): hopper feeder 1, blade drum 2, rubber limiter 3, eccentric shafts 4, belt drive
5, electric motor 6, wire sorting surface 7, wire seed tray 8, roller 10 mounted felt
fabric (technical fabric made of hard yarn) 9, bearings 11, cylindrical barriers 12
that separate the sorting surface into sections, electric motor 13, belt drives 14,
brush drum 15, fibrous seed and free fiber drop rod 16, residual compounds and
trough for major contaminants 17.

The proposed device works as follows: after the ginning process, a mixture of
various fine impurities and broken seeds, pure ginned seeds, lintering seeds,
fibrous seeds (freewheels) and free fibers and large contaminants is sent to the
hopper feeder 1. The blade drum 2 performs the function of providing a flat in
the bunker. From it, along with the seed sorting surface, a flat layer is sent to the
seed sorting surface 7 made of wires by means of a rubber limiter 3 using a vi-
brating moving plate. The sorting surface 7 oscillates in conjunction with the
eccentric shafts 4, the belt drive 5 and the motor 6, and the seed fractions com-
ing into it pass through the holes of the columns depending on their size or fiber
properties and fall into the bars 8 set for the seed fractions. For example, in the
first section, separated by cylindrical barriers 12, fine impurities, crushed seed
residues, in the second section, fine-grained seeds, and in the third section, hairy
seeds prone to lintering fall.

The next main process in the seed sorting device is the sorting of fibrous seeds
or letuchka. To perform this task, the device is loaded on a special surface 9
made of felt fabric mounted on rollers 10.

It is known that the free fibers separated from the seeds during letting or
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Figure 1. Schematics of a device for separating fibrous seeds.

11

ginning have a high adhesion to the fabric, so at the end of the process a special
surface made of fabric was installed.

After the seeds pass through the third section, they contain mainly fibrous le-
tuchka or free fibers, and in the next process they come to a special surface zone
9 of the felt fabric. Here, the fibrous seeds and free fibers in the seed fraction
stick to the surface of the rotating fabric by means of rollers 10, move along the
surface and begin to fall under the influence of their own weight. The seeds,
which are firmly attached to the surface of the fabric, are removed using a brush
drum 15 mounted on the groove. Eventually the major contaminants and other
contaminants remaining in the fraction fall into trough 17.

In this process, it is possible to increase the fiber output of the ginnery by 1%
by sorting and re-sorting the separated fibrous seeds or letuchka. In addition, the
working time of linters is reduced by removing 1% - 2% of fine impurities in the
seed mass, 3% - 5% of pure ginned seeds. As a result, the consumption of elec-
tricity in the enterprise itself is significantly reduced.

Preparation of the cotton seed sorting device in the form of a continuous
conductive surface consisting of continuous longitudinal wires ensures that the
seed fractions can be easily placed along the grate, which prevents the cleaning
of the net, interruptions during operation and sorting surface cracks with the
processed product. At the same time the useful surface in the sorting of seed
fractions increases by 90%, in practice, so far the useful surface for sorting has
reached 80% [11] [12].

The gaps between the wires were selected as a result of research. For example,
the most widely used cotton variety today is S-6524, for which the crack spacing
is 5 mm for fine impurities and broken seeds (first section), 7 mm for pure
ginned seeds (second section), and for seeds prone to lintering (the third section)
is adjusted to 9 mm. The proposed device also allows you to easily change the
distance of the section wires for other varieties of cotton seeds.

Thus, in the device for cleaning and sorting of cotton seeds it is possible to
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separate the mixture of ginned seeds into 5 fractions.

One of the main requirements for the current technological process of existing
ginneries is to increase the efficiency of the seed production process and to de-
velop and increase fiber yield while maintaining the natural properties of cotton
fiber, which is a valuable raw material for the textile industry. It is also important
to separate the cotton seed from various contaminants, broken and unripe seeds,
to sort the mature seed, to check the fiber content of the cotton seed after the
ginning process and to ensure that the fiber in the seed does not add to the waste.
In other words, at present, in ginneries, various contaminants and unripe seeds
are added to the composition of yellow seeds. In addition, well-cleaned seeds
coming from the jinn are added to fiber-cleaned seeds and various other indus-
trial wastes that have a degree of use in the textile industry. As a result, in the
process of separating the fiber from the seed, the loss of fibers of sufficient length
is observed.

Therefore, in order to overcome the above shortcomings in the study, the is-
sues of new method of sorting technology for effective cleaning of cotton seeds
from impurities and further fractionation were considered.

Let the seed be in relative motion with O, and O, in harmonic law (Figure
2). Seeds oxand oy in relative motion with the harmonic regularity (1) (Figure
2).

E=aysin(pt+e)

: (1)
n = by sin pt
Affecting the seed fragment oxand oy forces in the direction:
X =Psina+F,(t)-T, @
Y =N-Pcosa+F,(t)+T,
Here:
F,(t) =-m¢ (t) = ma,P?sin(pt +&) )
F, (t) =—mij(t) = mb,P?sin pt
P =mg : Gravity;
T, =f,N,T, = f -Psina: Frictional forces acting on the seed particle.
Differential equation of motion:
av : . f
—X=gsina+ pAsin(pt+e)-—= (a)
dt m @)
av

N . .
_Yza—gcoswr p’Bsin pt+ f g-sina (b)

dt
Given that the oscillating motion occurs mainly in the direction of the base
plane and that, the displacement of the seed particle in the direction perpendi-
cular to the base is a small amount, thatis y=0 in the condition (4, b) we find

the expression for the compressive strength from equation:
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Figure 2. The movement of the seed in a harmonic law.

N = mg cosa —mp?Bsin pt — f,mgsina (5)
We clarify while Substituting (5) into (4, a) and then integrating once in time,
the seed rate in the base direction V,.
V, = [g sina - f,g(cosa - f, sin a)]t ~ Pa, cos( pt+ ) - pb, cos pt+C,
Prerequisite: V, (0)=0 fixed amount:
C,=p(a,cose+hy)
Therefore, it is an expression of speed:
V, = gsina - f,g(cosar— f,sinar) |-t ©
— p[la, cos(pt+e)+cos pt |+ p-(a,-cose+by)

By integrating (6) once again in time, we determine the law of motion of the

seed in the principal direction:

X (t) =%[g sina - f,g(cosa - f, -sin a)}tz

7)
— p? (3, -sin( pt+&)+hysin pt)+ p(a, cose +hb, )t +C,
Prerequisite: X (0)=0 to C, =0 as,
X (t):%[g sina - f,g(cosa — f, -sin a)}tz o

+p(a,-cose +by )t— p? (@, sin( pt+)-+hy,sin pt)
X (t) =X, (t)+ X, (t) if we write:

Xl(t):%[g sina—f,g(cosar - f, ~sino:)}t2 +p(a,-cose+by )t (8)

X, (t)=—p’a,-sin(pt+e)— ph,sin pt )

Hence, the complex motion of the seed is such that the relative motion (8) and
(9) are the sum of the relative motions.

Using the formula (7) ie. the oscillation motion of the seed along the x and u
axes, a graph of the motion of the seed on the surface was constructed. In this
study, the slope angle and amplitude were also varied and graphs of the most
optimal options were given (Figure 3, Figure 4).

In these graphs, the uniform motion of the seed is the angle of inclination a =

13° a = 16°, vibration amplitude occurs in the case of 20 mm.
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Figure 3. a= 13° in the movement of the seed over time.
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Figure 4. a= 16° in the movement of the seed over time.

4, Calculation and Results

The resulting equations make it possible to determine the length of each of the
surface sections separated for fractions. In the study, each fraction was examined
by varying the length of the surface section (section) from 50 cm to 70 cm. At
the initial surface part, the fine dirt and broken pieces of the seed mass should be
separated, so that they should be separated at the set length. In the last surface
part, a large volume of seed mass is separated, it is expedient to maximize the
length of this part. Table 1 shows the spacing of the surface sections obtained as
a result of the studies.
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Table 1. Lengths of surface parts to separate fractions.

Number of surface fsm Vo, m/s V, m/s f
parts Theor. Practical
1 69.8 70.0 0.225 0.24 0.591
2 58.6 60.0 0.24 0.253 0.582
3 64.0 70.0 0.25 0.261 0.575

Table 2. The main parameters that affect the surface movement of cotton seeds.

Number of surfaces

a, mm , Hertz rad » m/s f
for fractions P *8 v o/
6 14 0.21
15 7 14 0.25
1 8 13 0.24 0.59
7 13 0.25
20
8 15 0.262
5 15 0.215
15
7 13 0.23
2 0.582
7 15 0.265
20
8 15 0.266
7 13 0.23
15
8 15 0.25
3 0.575
7 13 0.258
20
8 15 0.269

Optimal parameters were obtained as a result of additional research in scien-
tific work and initial experiments in the work [13] [14] to ensure its efficiency in
the operation of the device.

From the values shown in Table 2, which were determined on the basis of the
study, it can be seen that the speed of movement of the seed to the end of the
moving surface increases. This velocity varies in the parts of the surface allocated
for the fractions. It should also be noted that the efficiency of the device (the fact
that the fractions fall exactly in the grooves of the intended surfaces) also de-
pends on the weight of the ginned seeds. In particular, in the first part of the
surface, the weight and volume of the seed mass will be large and a longer sur-

face spacing will be required.

5. Conclusion of the Work

In the study, taking into account the angle of inclination a for the movement of
cotton seeds on the sorting surface, the differential equations of the law of vibra-
tional motion of seeds on parallel bases were constructed and programmed on a

computer, movements X=X(t) and y=y(t) based on graphs. Based on the
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laws of motion, it was substantiated that the angle of inclination along the ho-

rizontal, which gives the position of the seeds, is acceptable at a value of 13°. It

was also found expedient to have amplitude of 18 - 20 mm and a frequency of 6

Gts.
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