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INTRODUCTION

Currently, among natural fibers, cotton is the main raw material used in the
textile and light industries. According to statistics from the International Cotton
Advisory Committee (ICAC), "the world's leading exporters of cotton fiber are
India, the United States, Brazil, Australia and Uzbekistan, and the main importing
countries are China, Turkey, Vietnam, Bangladesh and Indonesia." At the same
time, these countries pay great attention to the further development of the
processing industry using advanced technologies, highly efficient machines and
mechanisms that reduce costs and improve the quality of products. Therefore, it is
urgent to solve the important task of obtaining high-quality cotton fiber by creating
highly efficient, resource-saving machine designs.

Comprehensive theoretical and experimental scientific research aimed at
creating new and improving existing techniques and technologies for cleaning
medium-fiber cotton varieties in the cotton ginning industry is carried out in
leading scientific centers and higher educational institutions of the world.

To intensify the use of modern equipment and technologies, when
processing large volumes of contaminated cotton, comprehensive theoretical and
experimental scientific research is carried out to improve technology, create a new
generation of technological machines, create modern computerized methods for
calculating operating parameters, load, and determine operating modes that ensure
an increase in the cleaning effect. At the same time, especially important tasks for
the industry are the development of highly efficient equipment and technologies
that allow optimizing cotton processing in order to maximize the preservation of
the natural properties of the fiber.

The implementation of these tasks, in particular, the development of
efficient, resource-saving technologies and designs of separators, raw cotton
cleaners with a rational arrangement of working parts, taking into account the
continuity and compatibility of technologies for separating cotton from air with
subsequent cleaning of cotton, allowing for the production of high-quality cotton
fiber, is relevant.



CHAPTER 1. ANALYSIS OF RESEARCH ON IMPROVEMENT OF
TECHNIQUE AND TECHNOLOGY OF COTTON SEPARATORS AND
CLEANERS

1.1. Review of research in the field of cotton separation and cleaning
1.1.1. Review of research on the technique and technology of separating
cotton from air

The process of separating cotton from the air flow that carries it has been
studied by many scientists. Separation of cotton from the air flow is performed on
a separator machine, which is one of the key elements of the technological
equipment of cotton plants. The separator separates cotton from dusty air and
partially removes small contaminants. The CC-15A separator [3] is widely used in
the technological process of cotton ginning plants. Figure 1.1 shows the diagram
of the CC-15A separator.

1 - inlet pipe, 2 - separation chambers, 3 - mesh, 4 - scraper, 5 - vacuum valve, 6 -

air intake.
Fig.1.1. Separator brand CC-15A

When the separator is operating, cotton enters the separation chamber 2
through the inlet pipe 1 with the air flow. In the chamber, the cotton speed is
significantly reduced, and the bulk of the cotton moves under the action of inertia,
hitting its wall and entering the vacuum valve under its own weight. A smaller
portion is attracted to the surface of the mesh 3 by the air draft. The cotton
adhering to the surface of the mesh is removed by the scraper 4 and transferred to
the vacuum valve. With the help of the air flow, small contaminants are sucked
through the surface of the mesh by means of the pipe 6. The efficient operation of
the separator depends on the interaction of the scrapers and the surface of the
mesh. If the scraper cleans the surface of the mesh in a timely manner, air will
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pass freely. Research [4] studied the formation of a cotton layer on the surface of
the mesh and its separation. When rotating, the scraper scrapes only part of the
cotton from the surface of the mesh. If we take into account that the separation
process is continuous, we can see that the cotton always adheres to most of the
surface of the mesh. This leads to an increase in the hydraulic resistance of the
separator and a decrease in the pressure in the pipelines.

Since the separator is located next to the fan, there is a pressure drop on the
mesh surface of the separator. This leads to a significant suction force that holds
the cotton on the mesh surface and draws the fiber into them. The CC-15A
separator used has the following disadvantages:

. cotton, entering the working chamber of the separator, hits its rear
wall with great force, which leads to damage to the seeds;
. as a result of cotton sticking to the mesh, the moment of resistance on

the scraper shaft gradually increases, overloading the drive belt transmission.

. the part of cotton held by the air draft on the mesh surface of the
separator within a radius of 200 mm is cleaned by the scraper only on the second
or third try. When processing low-grade cotton with a high moisture content, it is
difficult to separate the adhered cotton from the mesh surface within a radius of
200 mm. A layer of cotton is formed here, which gradually occupies the entire
surface area of the mesh. This leads to the separator stopping; due to the high
speed of the air flow sucked in through the holes in the mesh surface of the
separator, the cotton sticks to the mesh. As a result, during the separation of the
flies, the fiber is torn off from the seeds. The separated fibers are carried away by
the air flow into the trash;

. when cotton passes from the separator working chamber through the
vacuum valve, it gets between the blades and the shell, which leads to damage to
the seeds and fibers;

. As a result of the sticking of particles to the blades of the vacuum
valve, it is not completely cleaned in one cycle, the particles accumulate, creating
a blockage in the vacuum valve, making it difficult to operate and reducing
productivity.

A number of works by domestic and foreign scientists are aimed at
overcoming these shortcomings.

In publications by such scientists as V.A. Schwab, F. Zuev, A. Korn, A.M.
Dzyadzio, A.S. it was shown that the resistance to movement of a mixture of
cotton and air depends on the air flow rate.

In particular, [5], the author proposed to install an additional air-absorbing
cushion at the bottom of the mesh surface to reduce the adhesion of cotton to the
mesh surface and ensure its faster separation. However, the increase in pressure in
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the chamber as a result of the reduction of the useful working surface of the mesh
surface was not taken into account.

A number of scientists working on improving the operation of the separator
[7-12] wanted to carry out the process of separating cotton from air by abruptly
changing the direction of the air flow, using the inertial force created by the
movement of cotton, developing so-called pneumatic separators.

Experiments have shown that in pneumatic separators, if the aerodynamic
regime is maintained at a constant rate, it is possible to completely separate cotton
from the air flow if the cotton is uniformly transferred through the pipes.
Otherwise, as a result of a violation of the aerodynamic regime, there is a risk that
the cotton will be carried away by the air flow. The inability to uniformly transport
cotton through the air ducts in existing cotton processing plants today creates
difficulties in the use of pneumatic separators.

The main part of the air separator is the separation zone, in which the
separation of the product occurs. It is shown that a large-sized chamber is required
to ensure this during the separation from air.

In the work of N.E. Avdiev on the separation of various materials [13], the
process of separation of small particles through the surface of the mesh was
studied theoretically and experimentally. Particles that are in constant contact with
the surface of the mesh are more likely to be separated from the air.

In the work of J. Urban [14], the process of movement of particles of
different sizes in the air was studied.

Khasanov M.R. [15] investigated the relationship between air consumption
and the speed of material transfer during transportation of material by air flow.

As a result of theoretical and experimental research of the process of
pneumatic transportation of raw cotton by P.V. Baidyuk [16], a number of
regularities were identified. It was established that the useful surface of the
separator mesh and the increase in the total air flow through it leads to a decrease
in pressure losses in the separators.

Academician of the Academy of Sciences of the Republic of Uzbekistan
H.A. Rakhmatullin [6], taking into account the aerodynamic resistance of air to the
transverse movement of cotton, determined the law of its movement in the pipe
and put forward the idea that cotton can be separated from the air by inertial
forces.

The author proposed a special formula for determining the length of the
open part of a bent pipe, which allows the tearing process to be carried out.

Based on the results of research conducted by T.O. Shamsutdinov [17], it
was scientifically substantiated that cotton separation occurs at a flow speed of 16
m/s when turning it at an angle of 13°50°
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N. Artikov [18] investigated the dependence of the raw cotton movement
speed at the entrance to the separation zone of the pneumatic separator on the
length of the inclined pipe. According to the author, the separation process is more
effective if the length of the inclined pipe is | - 1,9 m and at this length the air flow
speed reaches 26,1 m/s. He established a correlation between the coefficients of
resistance to the movement of the mixture and its concentration. This made it
possible to determine the hydraulic resistance of pneumatic transport with high
accuracy.

Based on theoretical research, R. Amirov [19] studied the causes of clogging
of the separator mesh surface by gluing pieces of raw cotton to the scraper shaft.
He determined the indicators that characterize the cotton layer on the mesh and
proposed measures to eliminate clogs. At the same time, R. Amirov [19] found that
the geometric parameters of the holes on the mesh surface affect seed damage.
Based on the research results, he proposed reducing the diameter of the holes from
6 mm to 5 mm.

R. Amirov also proposed to create a zero-pressure zone where the scraper
interacts with the mesh surface. This area would cover the mesh surface behind the
scraper and rotate with it.

As a result, the speed of air sucked through the holes in the mesh surface is
zero. This should allow cotton stuck to the mesh to be easily separated. However,
the device he proposed failed to provide the required level of pressure reduction
and the proposed device did not find industrial application.

In the work of Y.D. Yangibaev [20], the movement of cotton on conical
mesh surfaces was studied. According to the author, one of the main disadvantages
of the air duct is that it consumes a lot of energy during the transportation of
cotton. The reason for this is that a certain part of the pressure created by the fan is
used to overcome the resistance of the carrier device using the air flow. The device
that creates the greatest resistance among the elements of the carrier device using
the air flow is the separator. The separator creates resistance when air passes
through a mesh located on the side of the working chamber. The author proposed
to make it in the form of a cone to increase the useful surface area of the mesh.
This increases the useful cross-sectional area of the mesh barrier, reduces the
aerodynamic resistance of the separator and increases productivity.

The operation of the vacuum valve has also been studied by many scientists.
The efficient operation of the separator is affected not only by the surface of the
mesh, but also by the vacuum valve, which is one of its main elements. The results
of the studies show that the existing defects of the vacuum valve have not been
completely eliminated. The analysis revealed the need for in-depth research to
improve the separator and its main working parts.

11



The vacuum valve is one of the main working elements of the separator,
which has the following drawback: when removing cotton from the separation
chamber, raw cotton gets between the blades of the vacuum valve and its shell. As
a result, the seeds are damaged and various defects are formed.

In the work of R. Muradov [21], the main reasons for cotton getting stuck
between the blades of the vacuum valve and the walls of the chamber were studied.

In another study [22], a loss of 20-25% of the total amount of air absorbed
by the fan in the vacuum valve is reported. This occurs during the process of
lowering a portion of cotton. At this point, air rises from the vacuum valve, in
which there is no cotton, into the working chamber filled with cotton. This rising
air creates a danger of cotton falling from the upper part of the working chamber
sticking to the surface of the mesh. To eliminate these drawbacks, a rotary vacuum
valve was created at the “Pakhta sanoati” Research Institute. In this case, the fan
pipe is connected to the lower cotton part of the vacuum valve. As a result, air
suction through the separator vacuum valve is eliminated.

« Thus, the main directions for improving cotton separation are:

« the need to control the flow of the cotton-air mixture at the entrance to the
separator to eliminate the impact of seeds on the wall of the separator and reduce
the crushing of seeds:

« the creation of rational conditions for removing a layer of cotton from the
surface of the separator mesh;

- the search for a rational shape of the holes on the mesh of the separation
chamber, allowing to reduce damage to the fiber and its loss.

1.1.2. Analysis of cotton separator designs

Let us consider the design of the machines used to separate cotton from the
cotton-air mixture. Figure 1.2 shows the separator of the XCCH brand, created by
Uzbek scientists. In this case, the transported raw cotton, together with air, enters
the separation chamber 3 of the separator through a pipe. The size of the separation
chamber is much larger than that of the short pipe. Consequently, the air speed
decreases from 20-25 m/s to 7-8 m/s.

At this speed, the raw cotton continues to move by inertia and sticks to the
mesh 2. The cotton is separated from the mesh surface by a drum with rubber
blades and then, under its own weight, enters the vacuum valve 7. The
disadvantage of this design is that the cotton entering the separator, moving by
inertia, hits the surface of the drum and blade, which leads to crushing of the seeds.
The blades on the drum are unevenly pressed against the surface of the drum and
clamp individual bats, which leads to ignition of the cotton.

The XCC separator is similar to the XCCH separator. It differs only in its
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design dimensions. The rotation frequency of the drum and vacuum valve of the
XCC separator has the same parameters as the XCCH separator. At present, all
cotton ginning plants use the CC-15A separator (Fig. 1.3) to separate raw cotton
from air transported through pipes.

3 4

2 4 /

—

|
Fig.1.2. Separators of the XCCH brand

1 - air flow; 2 - mesh; 3 - separation chamber; 4 - inlet pipe; 5 - router; 6 - drum; 7
- vacuum valve

Fig.1.3. Separators CC-15
1-inlet pipe; 2-mesh; 3-scraper; 4-vacuum valve; 5-short suction pipe

The CC-15A and CC-15M separators, originally developed in 1956, have
undergone some modifications, but the basic design structure has been retained
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[24]. The main difference from the XCCH separator is that the separator does not
have a drum with rubber blades.

When the separator is operating, the bulk of the raw cotton entering the
chamber moves by inertia, hits the wall of the separating chamber and enters the
vacuum valve. A certain part of it is directed by the air flow to the mesh walls and
sticks to them. These meshes are installed on the sides of the separator's working
chamber.

Cotton is scraped off the surface of the mesh using elastic scrapers (3 Fig.
1.3). The separator capacity is 15 t/hour, the number of revolutions of the scrapers
and the vacuum valve shaft is 80 min. Some of the small impurities are separated
from the cotton and carried away by the air flow through the mesh. The efficiency
of the separator cleaning is no more than 5-8%.

The main disadvantages are that during the transfer of raw cotton at low or
high humidity during operation, a large amount of cotton sticks to the surface of
the side screen. This increases the torque on their shaft and causes the drive belts
to slip. As a result, the scraper shaft stops and the separator becomes clogged.

In the short outlet pipe of the separator, the cotton falls between the paddles
of the vacuum valve drum and the steel shell. The paddles of the drum strike the
cotton against the surface of the shell, causing the seeds to be crushed and the
fibers to be damaged.

In addition, the cotton by inertia hits the inner surface of the separator. Due
to this, the impact force will be significant. An indirect indicator of the impact
force can be the destruction of the wall, which occurs over time, under the action
of the cotton flow. The wall of the separator is shown in 1.4.

1'-
JILL

Fig.1.4. Internal view of the wall of the CC-15A separator after repair.

S. M. Kadyrkhodjaev [23] created a new, more advanced separator CX for
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the pneumatic separator shown in Fig. 1.5.

During the operation of the separator CX, cotton enters through the air
intake 1. Air is sucked in through a tube through a cylindrical mesh surface 4 using
an outlet tube 5. Cotton is separated from the air by inertia and enters the
separation chamber 7 through the separation section 3. The mass of cotton, under
the action of its own weight, breaks up into 8 parts and is pushed out by the blades.

Some cotton shreds mixed with air will stick to the surface of the mesh 4.
The cotton stuck to the surface of the mesh is separated by an elastic drum with
blades and transferred to the vacuum valve by a separation chamber.

n

O

Fig.1.5. Separators

CX 1-working chamber; 2-lower tray; 3-two-way dividing pipe; 4-inlet pipe;
5-upper tray; 6-mesh surface; 7-suction pipe;

In cotton ginning plants, raw materials are unevenly transported through
pipes. As a result, cotton moves unevenly through the pipes and enters the working
chamber of the separator. Therefore, in pneumatic separators, when separating
cotton from air, there are cases when it gets into the fan.

Z.Shodiyev [24] proposed a more advanced design of the CXM pneumatic
separator, shown in Figure 1.6.

The proposed separator consists mainly of an input chamber 1, a distribution
chamber 2 and an output pipe 3. Cotton is distributed into two streams and enters
two air ducts 6 and 7. With the air flow, part of the cotton moves along the air duct
6 and hits the mesh drum 4 and sticks to it. To separate the cotton from the surface
of the mesh, a cleaning drum 11 is placed under the drum 4, with the help of which
the cotton moves to the vacuum valve 9. Air is released into the atmosphere
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through the outlet pipe 3.

Thus, having studied in detail the structure, processing processes and
shortcomings of various separator designs, one can be convinced of the need to
create an improved separator design.

Fig.1.6. Separator

CXM 1-inlet pipe; 2-working chamber; 3-outlet pipe; 4-cell drum; 5-guide
edge; 6-air duct; 7-lower tray; 8-shell; 9-vacuum valve; 10-wall; 11-cleaning roller

Hardwick-Etter separators are used in pneumatic conveying installations of
cotton ginning plants in the USA (Fig. 1.7) [25].

The flow of raw cotton moving along channel 1 enters wall 2, touching it, is
transferred to the vacuum valve and is carried out. Air sucked in by the fan enters
pipe 5 through surface 6, which is regularly cleaned by means of rotating separator
4. The company emphasizes the following advantages of the separator.
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Fig. 1.7. General view of the separator by Hardwick-Etter
1-channel; 2-wall; 3-vacuum valve; 4-rotating separator; 5-pipe; 6-mesh.

The raw cotton does not come into direct contact with the surface of the
mesh. This, in turn, prevents it from twisting. The surface of the mesh is regularly
cleaned, which ensures a constant supply of air.

Cotton ginning plants in India widely use separators, in particular those
similar to the CX brand separator. The main working element of the separator is
the brush-scraper, which occupies 1/3 of the working surface of the mesh. Figure
1.8 shows the process flow chart, and Figure 1.9 shows a general view of the
BAJAJ brand separator [26]

input

cotton raw=+air

vacuumn

_gjector

cotton raw

s ]
!

mesh

outlet (air)

scraper

vacuum valve

Fig.1.8. Cross-sectional diagram of the separator “BAJAJ”
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BAJUAJ
R/C AIR SEPARATOR
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Vs

Fig. 1.9. General view of the separator "BAJAJ"

The Big-J separator has automatic cotton feed control [53].

The separator consists of three pick drums 2, which pre-clean the cotton and
direct it to the bunker, where the cotton is loosened and accumulated. Cotton
enters the bunker freely in a loosened form (Fig. 1.10.)

»2

-

Fig.1.10. General view and process diagram of the Big-J separator

The separator consists of the following parts: 1. Output tunnel. 2. Pin drums.
3. Mesh surface. 4. Impurity accumulation bin. 5. Pipe through which impurities
and dirt move. 6. Accumulator bin. 7. Toothed straightening rollers. 8. Vacuum
valve. 9. Pneumatic pipe through which cotton moves. 10. Pipe through which air
MOoVes.

The separator operates as follows:

Air is removed from the bin through horizontally located transport pipes.
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The bin is continuously supplied with a flow of cotton. It is located above the
toothed rollers and has a volume that ensures free passage of cotton through the
toothed straightening rollers 7.

The toothed straightening rollers move at a variable speed and are provided
with a remote control system.

The raw cotton in the bunker is introduced from the bunker using vacuum
valves 8 and sent to the drying system. The loosened and controlled cotton flow
ensures efficient operation of the drying and cleaning units.

The Chinese company "Swan cotton machinery” produces the MZF-15
cotton separator, the general appearance of which and its process flow diagram are
shown in Fig. 1.11

Cotton mixed with air at a speed of 20 rpm enters the separation chamber 6
through the outlet pipe 1.

In the separation chamber, the cotton loses its initial speed due to the
expansion of the internal surface. Then it moves to the rotating drum and sticks to
it.

The separator consists of the following parts and components: outlet pipe 1,
valve 2, drum with mesh surface 3, brush-separator 4, vacuum-valve 5, 1
separation chamber 6, and base 7.

Brush-separator 4 retains cotton segments present on the surface of the drum
mesh and cleans the surface. This ensures free access of air to the mesh surface
[27].

Fig. 1.11. General view of the cotton separator MZF-15

Then the cotton, rotating together with the mesh drum, is separated due to
centrifugal force and gravity and enters the vacuum-valve 5 located below, along
the inner walls of the unit 7. The vacuum-valve, due to its rotation at a speed of 40
rpm, transfers the cotton loaded into it to the subsequent technological process.
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Small impurities pass through the mesh surface, then are removed from the
separator together with the air and are transferred to the dust collector unit.

The technology of drying and cleaning raw cotton from foreign impurities at
a cotton ginning plant for saw ginning is considered in [28]. The technological
process begins with the feed module. The main working element of the feed
module is the loosening section, consisting of seven peg drums and a roller
platform (Fig. 1.12). The peg drums begin to loosen the raw cotton on one side of
the module and evenly transfer it to the pneumatic tube. The movement of cotton
is regulated from the main control panel by the operator.

Fig. 1.12. Technological process system for drying and cleaning raw cotton.

In accordance with the amount of cotton, the light flow passing through it
changes, which is converted into an electrical signal and changes the speed of the
conveyor. Then the raw cotton, located in the pneumatic tube, is transferred to the
automatic feeder.

Above the feeder there is a large-volume bin, in the lower part of which
there are two vacuum valves 7, as well as a separator with three peg drums. The
cotton level in the bin is maintained by the automation system.

Figure 1.12 shows: cotton module 1; opening section 2 consisting of pin
drums; catcher for unopened bolls 3; pneumatic tubes 4; separator 5; automatic
feeder 6; vacuum valve for cotton discharge 7; vertical flow dryer 8; stone trap 9;
saw gin 10; tower dryer 11; inclined drum cleaner 12; fiber cleaner for small and
large impurities 13; distribution screw conveyor 14. When cleaning raw cotton
from small impurities for the second time, that is, during repeated cleaning, hot air
is supplied from the drying system to the cleaner with a pin drum, with the help of
which the cleaning process is carried out.

1.1.3. Analysis of research on improving raw cotton cleaning technology

One of the main processes that can preserve the natural properties of raw
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cotton is cleaning it from large and small debris. The original raw cotton supplied
for its primary processing contains large and small debris. Debris less than 0,8 mm
in size is deeply embedded in the fiber and is removed by strong impact and
shaking effects on the raw cotton. Large debris is located mainly on the surface of
the raw cotton, has weak adhesion to the fiber and is easily separated from it [29].
At the same time, it is the size of the debris that determined the two main
directions in the development and improvement of cleaning technology. The work
[30] describes in detail the main types of designs of small and large debris
cleaners, and provides methods for engineering calculations of their working
elements. '

At the current stage of development of the cotton ginning industry, it is
important to intensify the cleaning of raw cotton, develop more advanced designs,
find new, effective methods for cleaning raw cotton from small and large
impurities, as well as select rational modes of movement of the working parts of
cotton gins.

At present, ginneries use cleaners CHX-CHM2, CHX-5, 6A-12M1, 1XK,
UXK, etc. for cleaning medium-fiber raw cotton, and OXB-10M, CHX-ZM2, etc.
for fine-fiber raw cotton [31]. To increase the cleaning effect, a number of
scientists, based on theoretical and experimental studies of the cleaning process,
have recommended various design changes, substantiated rational technological
parameters of the working parts of the cleaners, optimal operating modes of the
working parts, etc. Let us analyze the results of work devoted to the technique and
technology of cleaning raw cotton.

The works of A.E. Lugachev and U.K. Ziyaev [32] are mainly devoted to
studying the influence of the angle of inclination of the lapping brush on the
cleaning effect of large debris, as well as the use of a peg leveler in front of the
lapping brush. The process of cleaning cotton fiber, recommended by B.S. Kotov
et al. [33], was sufficiently intensified by reducing the geometric dimensions of the
saw tooth.

G.l. Miroshnichenko, P.N. Tyutin and A.E. Lugachev [34] determined the
degree of influence of each factor on the cleaning effect of cotton processing
machines operating in production. R.Z.Burnashev [35] and G.l.Miroshnichenko et
al. [36], studying the issues of impact interaction of the raw cotton fly with the
grate, determined the values of the fly impact impulse on the grate using the strain
gauge method, provided the prerequisites for taking into account the dynamic
rigidity coefficient of the fly upon impact with the grate, as well as the influence of
the fly oscillation frequency on the cleaning effect. R.G. Makhkamov et al. [37]
presented the results of studies to determine the force of impact of the fly on
various surfaces. G.1.Boldinsky et al. [38] identified the optimal direction of flight
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of the cotton fly in the zone of entry into the tooth of the raw cotton cleaner of the
flow line.

The work [39] considered the issue of the influence of the number of
rotating grates and their rotation speed on the cleaning effect of the coarse debris
cleaner. The works [40, 41] present the results of optimization of the technological
process of cleaning raw cotton in a flow line from various design and
technological factors of machines and mechanisms.

Based on the analysis of the cleaning technology R.Z. Burnashev [37]
substantiated the theoretical prerequisites for determining the design and
technological parameters of the working elements of cotton cleaning, presented
original design developments.

G.P. Nesterov et al. [42] established the influence of the geometric and
technological parameters of the grates (the diameter of the grates, the gaps between
the grates and saw blades, etc.) on the cleaning effect of the saw sections of the
cotton gin. The works [43, 44] are devoted to the study of various issues of the
operation of the 1XK flow line for cotton cleaning. The works [45, 46] present the
results of studies of the influence of fiber cleaning plans in cleaning modules, as
part of flow lines, on the formation of "soft" defects in the fiber. It was found that
the disaggregation of raw cotton particles reduces the content of "soft" defects in
the fiber.

A.E. Lugachev et al. in [47] investigated the issue of choosing the optimal
zone for throwing raw cotton onto a serrated drum. The experimental results
showed that there is a significant reserve for increasing the cleaning effect while
reducing the amount of fly ash going to waste. A.E. Lugachev [48] presents the
results of studies of the effect of feed uniformity on the technological parameters
of cotton cleaners. At the same time, the author proposed a number of interesting
technical and design solutions that make it possible to increase the cleaning
efficiency while preserving the natural properties of cotton fiber.

In [49], the results of studies of the proposed cleaner of fibrous material with
differentiated linear speeds are presented, with their increase during the process,
where, due to the speed gradient, the material is drawn out and the bond between
the debris and the fiber is weakened. This proposal has not found practical
application due to the complexity of the design and technological shortcomings.

The rationale for the design parameters of the elements of the module for
cleaning raw cotton from large debris is presented in [50, 51, 52]. The authors
conducted experimental studies of the impact interaction of raw cotton flakes with
the working elements of the cleaner (lapping brush, saw tooth and grate).

In [53, 54] the results of studying the cotton cleaning process in the large
debris module are presented; prismatic grates are proposed and their efficiency is
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studied on the CHX-3M cleaner. To improve the flow line of the UXK, a comb-
type grate was proposed in [49]. However, this design has not found practical
application due to its low efficiency.

Cotton cleaning equipment and cotton cleaning complexes abroad are
mainly developed by US companies: Murray, Continental Moss Eagle, Continental
Consolidation, etc. [55]. The equipment of the Shandong (KHP) machine-building
company Lebed has a complex multi-tiered layout in a vertical plane, and the
cleaning units are bulky and difficult to maintain [27]. It should be noted that the
number of cleaning modules in the flow lines is significantly less than in domestic
developments, but the insufficiently high cleaning effect of the equipment is
compensated by enhanced cleaning of the fiber after ginning. In practice, the
technological line proposed by China is not universal. It is not suitable for
processing low-grade cotton.

The Continental Consolidation company uses a shortened technological
process for cleaning cotton, where up to three modules for cleaning from large
debris in the flow line are used.

In the works of R.Kh. Rasulov [56] a new arrangement of the saw-and-grate
system of the large debris cleaner is recommended. It is recommended to install
the grates in groups of three grates, while the distance between the saw drum and
the first grate is 16 mm, the second grate - 14 mm, the third grate 12 mm.
However, this recommendation has not found practical application.

The issues of improving the cleaning process and reducing the loss of
material to waste were considered in the work [57, 58]. The author obtained
experimental dependencies, and established a relationship between the strength of
the fiber and the degree of its fixation with a lapping brush. Models of the process
of fixation and interaction of raw cotton fluff with the grate surface are
recommended. In order to reduce the amount of cotton going to waste, it was
proposed to install a fixing roller in the space between the grates, and to install the
last grates of the module with an increasing gap along a parabolic curve. The
results have not found practical application.

The results of theoretical and experimental studies of the interaction of
cotton with various grate profiles are presented in the work of S. Fazylov [59]. The
author gives a detailed analysis of a number of models of the cleaning process,
characterizing the grate profile. A grate with variable curvature in the form of an
Archimedes spiral is proposed. But the results were not implemented in industry
either.

In a number of works by K. Olimov and A. Dzhuraev et al. [60, 61], grates
on elastic supports in the form of rubber bushings were studied. Based on
theoretical and experimental studies, the authors substantiated the parameters of
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the grate and the elastic-dissipative properties of the rubber bushing. The
recommendations are used in a number of cotton mills.

Sh. U. Rakhmatkariev in his work [62] mainly presented theoretical studies
on the calculation of the working bodies of cotton cleaners, proposed a number of
design solutions, which also did not find industrial application due to the
complexity of the designs.

The paper [63] presents the results of studies on the impact process of
interaction of material particles in the cleaning zone of the large debris module.
The paper examines the kinetics of a cotton particle in the grate gap taking into
account the force factors arising during the interaction process and obtains a
number of mathematical models describing the cleaning process. However, due to
the lack of numerical values of some physical and mechanical parameters, such as
the damping coefficient, the rigidity of the fiber bundle, etc., during the processes
of interaction of fibrous material with the elements of the cleaner, the work was
not brought to a numerical solution and did not find practical application.

It is known that during cotton processing at factories, the fibrous mass
intensively contacts with the working surfaces. Repeated frictional interaction of
cotton with metal working elements leads to significant damage to cotton fibers.

As a result of interaction with transition surfaces, saw teeth and grates, raw
cotton can be damaged. Damage occurs both due to the presence of sharp peaks of
irregularities and burrs of hard metal surfaces of working elements, and due to the
high force of frictional interaction of these surfaces with cotton, especially at high
humidity of the latter. In this case, cotton damage reaches 13,7% due to the
formation of free fiber, flagella, seed skin with fiber and crushed seeds.

R.G. Makhkamov [64] studied the interaction of raw cotton with the
surfaces of structural materials from the position of optimization of surface
roughness, aimed at reducing the mechanical damage of cotton fibers. The author
showed that the interaction force of raw cotton with metal surfaces increases due
to micro-cutting of cotton fibers by micro-protrusions.

From the above analysis of research in the field of cleaning raw cotton and
cotton fiber, it can be concluded that most of the research is aimed at developing
and modernizing the working elements of cotton cleaners from large debris based
on technology using optimization methods. The effect of grates on the operation of
large debris cleaners has not been sufficiently studied. There are practically no
dynamic studies and the effect of dynamics on the cleaning effect and damage to
raw cotton. In addition, it is necessary to clarify the effect of vibration of the
working elements on cotton, which allows for a significant increase in the release
of foreign impurities.

It should be noted that it is advisable to study increasing the degree of
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mobility of the working elements of cleaners, as well as the use of lightweight
grates with low rigidity, allowing for controlled vibration and, due to this, variable
cotton cleaning modes, which can increase the cleaning effect.

1.2. Features of cotton cleaning technology from small debris in existing
cleaners

Cleaners for separating small impurities from raw cotton are installed in
drying and cleaning shops at cotton ginning plants. This task is also performed by
feeder-cleaners installed on each gin [65; pp. 129-130, 66; pp. 16-17]

Processes for cleaning raw cotton from small impurities are divided into
pneumatic, pneumatic-mechanical and mechanical; according to installation in the
cleaning process line - into individual and battery.

Small impurities penetrate deeply into the fibers, so their separation is a
difficult task. To ensure the necessary effect in these cleaners, the cleaning process
Is carried out repeatedly.

In a cleaning machine, the main working element affecting cotton is the
drum pick. The picks and bars of the drum pull the cotton along the mesh surface
of the cleaner.

Foreign companies "Platt-Lummus”, "Hardwick-Etter" and "Murray"
produce coarse and fine litter cleaners. The cleaning process is especially
intensive on cleaners of the company "Continental-Moss-Gordin", which have
an increased number of grates and cleaning sections [67; pp. 65, 68; p. 15].
Recently, foreign companies from the USA and China have been producing
combined cleaning units, which include sections for coarse and fine cotton
cleaning in sequence [69; pp. 381-382].

The cleaning section is designed to separate small impurities from raw
cotton; it (Fig. 1.13) has a peg-and-bar drum 1 and a mesh surface 2. The
efficiency of this section, assessed by the cleaning effect and seed damage,
depends on the design of the drum and the mesh surface, the peripheral speed of
the drum and the joint operation of adjacent drums, productivity, gaps and
distributions, and air flows in the working volume [29; pp. 134-135].

Cleaning drums and mesh surfaces. By design, cleaning drums are
divided into tooth-and-bar, slat, peg and peg-and-slat. Research [70; p. 22] has
shown that the greatest cleaning effect is achieved on peg-and-slat cleaning
drums.

A number of studies have established that, along with the design of the
drum, the design of the mesh surface affects the cleaning effect [29; p. 135].
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1-pin drum; 2-mesh surface
Fig. 1.13. Cleaning section of drum-and-slat cleaner
Table 1.1 presents the generalized indicators of research of various
designs of drums and mesh surfaces, conducted by S.D. Baltabaev, at vq = 9,42
m/sec. [71; c. 65]

Table 1.1
Drums Cleansing effect %
Grate bars Stamped mesh with holes | Woven wire
mesh
round oval
Dentifrices 41,1 42,6 40,8 41,0
Plank 40,4 37,4 36,6 41,0
Pegs 414 36,1 38,6 41,5
Peg-slat 35,7 37,8 36,7 39,5

Modern designs of cleaning sections use peg-and-slat drums and stamped
mesh surfaces with a hole size of 5x50 mm and the location of the major axis of
the holes perpendicular to the movement of cotton in the cleaner. The peg-and-slat
drum (Fig. 1.12) is a prefabricated structure consisting of a shaft, disks, a casing
made of thin sheet and slats, of which eight are peg-shaped and four are bladed
[29; pp. 135-136].

Four rows of slats and eight rows of pegs are installed on the surface of the
drum. In this case, the slats in the cleaning zone create a kind of air aerodynamic
flow, and the pegs directly interact with the cotton bats and, dragging them along
the mesh surface, ensure the separation of impurities from the cotton.

Fig. 1.14 shows the diagram of the combined cotton ginning unit UXK,
which includes three sections with four peg-mesh sections and two saw-grate
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sections [71 p. 92]. During operation, raw cotton is fed through the loading shaft
to the peg drums, which loosen it, pull it along the mesh surface and clean it
from small debris, and the first slatted drum of the feeder in the course of the
technological process sends it to the saw-type section for cleaning from large
debris, then it gets to the first saw-type drum in the direction of movement, is
threaded onto the teeth of the saws by a lapping brush and is pulled along the
plane of the grate bars to the second saw-type drum, where the process is
repeated. Removal from both saw-type drums is performed by one slatted drum,
which returns the raw cotton to the feeder to the outlet opening. The separated
waste is discharged to the outside through a valve by a screw. The raw cotton,
cleaned of large debris, is removed from the cleaning section and sent by the
second feeder drum to the picking block for re-cleaning of small debris [66; pp.
18-19].

Fig. 1.15 shows the feed zone (a) and the kinematic diagram of the drive
of the first section of the UXK unit. A special feature of the UXK unit is the
combined cleaning of raw cotton in several repetitions.

The mesh surfaces of the small debris cleaners are made mainly of two
types: stamped with holes and braided wire, as well as rod [66; p. 18].
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1- electric motor; 2- belt drives; 3-variator; 4-feed rollers; 5-pin drums.
Fig. 1.15. Feed zone (a) and kinematic diagram of the drive of the first
section of the UHK unit (b)

For cleaning raw cotton from small debris, the following are mainly used:
1XK, SCH-2 cleaners (Fig. 1.16) and EN-178 peg blocks (Fig. 1.5), which are
used in cotton cleaning units of the UXK type or for assembly in 1XK type
cleaners with an increased or decreased number of peg drums (a multiple of four).
In these cleaners, sections or blocks, peg drums of practically the same design are
used, installed in a row one after another in a horizontal plane and working in
combination with perforated meshes enveloping them from below, through which
debris is separated during cleaning of raw cotton. Above the first two pin drums
along the raw cotton flow there is a shaft with feed rollers, the rotation frequency
of which is regulated using the IVVA variator, thus setting the required productivity.
[73; pp. 34-36].
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Fig. 1.17 shows the types of mesh surfaces of small debris cleaners [74; p.
64]. The cleaning meshes are installed under the peg-type working bodies of the
cleaners and are designed to separate small debris. The cleaning effect of the
cleaner, along with the design of the working body and other parameters, largely
depends on the design of the mesh surface. The criteria for the technological
evaluation of mesh surfaces are: the coefficient of the live section, which is
determined by the ratio of the area of the openings of the mesh surface to its entire
area, and the coefficient of efficiency of the live section, which shows the
influence of the surface design on the cleaning effect [75, 66; pp. 16-24].

1-pin blocks EN-178; 2-racks; 3-bunkers
Fig. 1.16. Raw cotton cleaner brand 1XK.

Analysis of the designs of small debris cleaners shows that although they
have some differences in design, they are generally of the same type and have
identical units, such as cleaning mesh surfaces. Researchers have developed and
recommended various designs of mesh surfaces and devices used in small debris
cleaners in order to improve the cleaning effect [66; pp. 12-22].
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1, 3, 5- racks; 2 - normalized pressing block EN. 178.02; 4 - normalized pin
block EN.178.01 (with feed rollers); 6- bunker
Fig. 1.17. Initial section of the 1XK raw cotton cleaner

In the work [76; pp. 52-53] mesh surfaces of the small debris cleaner are
proposed, where part of the bridges of each row of holes are made spherical
protruding, in a checkerboard pattern (Fig. 1.18). In Fig. 1.18 b, a version of the
mesh surface design is shown, where the protruding bridges are made in the form
of a broken curve. The advantage of the presented designs of mesh surfaces is that,
due to their configuration, they actively affect the mass of raw cotton, however, it
should be noted the low efficiency of the separation of foreign impurities
compared to other mesh surfaces, since foreign impurities are mainly separated
through the lower perforations, as well as the increased damage to the fibers and
cotton seeds. The main working element of the feeders, along with the pin drum, is
the sifting surface, designed to separate small foreign impurities. In cleaners for
raw cotton, the following types of sieving surfaces are used: a woven wire mesh
with 10x10 mm cells, a grate made of rods with a diameter of 6 mm, located at a
clearance interval of 5 mm, and, finally, a perforated mesh with opening sizes of
20x4.5, 50x5, 50x6, 45x8 mm, etc. (Fig. 1.7) [66; pp. 20-26].

With an increase in the live cross-section of the mesh, the amount of
separated trash increases [77; p. 26]. Based on this, and also taking into account
that this direction is promising and relevant for the cotton ginning industry, new
studies were further developed in this work.

From the analysis of existing designs of trash-separating surfaces, the
following effective schemes can be noted. Fiber-processing machine [78; pp. 188-
191], where the perforation of the surface is covered by stamped protrusions from
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the mesh material.

N

o

a - stamped from sheet steel with cells of various shapes; b - from woven steel
mesh; ¢ - grate.

1-arc sidewall; 2-plate; 3-holes; 4-crossbars
Fig. 1.18. Trash-collecting surfaces of small trash cleaners

All mesh openings are located towards the direction of the debris. This
design has the following disadvantages: identical uniform perforation, the
recesses-openings are located against the rotation of the pin drum, which leads
to clogging of the recesses with material. The overlapping elements are made
rigid, practically non-oscillating from the mesh material, sharp edges directed
towards the movement of the fiber degrade its quality [66; pp. 20-25].

1.3. Features of the technology of cleaning raw cotton from large debris

Existing designs of cotton cleaners for removing large impurities from raw
cotton consist of two main parts, a working element in the form of a rotating
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serrated drum and a knockout device for knocking out large impurities in the form
of grates. The use of fixed grates of round cross-section in the cleaner facilitates
the separation of large impurities (see Fig. 1.19). At the same time, the main
disadvantage of these grate grates with grate arrangement with gaps is the large
loss of cotton flies into waste, which requires the mandatory use of a regeneration
section in the flow line for cotton processing [79].

In work [80] it was established that when using triangular grates with an
angle of 157° to the radius of the saw-tooth drum and a gap between the grates
equal to 40 mm, the cleaning effect of the machine increases significantly.

In the cleaners CHX-3 and CHX-3M, trapezoidal grates with edge sizes of
25, 16, 12 and 10 mm were used. It was found that triangular and trapezoidal
grates contribute to significant seed damage. The grates have the same working
edge sizes as in triangular grates. The main advantages of grates with a flat
working edge (triangular, trapezoidal) are the increase in the force of impact
interaction with cotton. This leads to an increase in the cleaning effect of raw
cotton. The disadvantage of these grates is an increase in the formation of free
fiber, as well as some damage to the fiber and cotton seeds.

Trapezoidal grates were also used in the cleaning section under the serrated
drum of the OXP-3 cleaner (Fig. 1.21). When using trapezoidal grates in the CHX-
3M cleaners, their working edge was made 12 mm in size. Research has shown
that this design was ineffective. Round grates are inferior to grates with a flat
working edge in terms of impact force, which allows for intensive separation of
impurities and leads to a decrease in the amount of free fibers [81]. It is known that
in the OH-2 cleaners, CHX-3M2 "Mehnat", the UXK unit, and in the RH cleaner-
regenerator, grates of a round profile are used. Fig. 1.19 shows the cleaning section
of the CHX-3M2, "Mehnat" cleaners and the UXK unit. In our opinion, round
grates without additional design solutions do not improve the cleaning effect. One
of the ways to achieve this is to increase the degree of mobility of round grates.

1-saw-tooth drum, 2-trapezoid grates.
Fig. 1.19. a) Working area of the cleaner CHX-3M2 with trapezoidal grates,
b) Working area of the cleaner OXP-3 with trapezoidal grates
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Fig. 1.20. Working area of the UXK cleaner with round grates

Recently, cotton ginning units UXK have been widely used in production
[70]. The UXK unit includes successive sections for cleaning raw cotton from
small and large debris. Fig. 1.20 shows the basic diagram of the UXK cotton
ginning unit, which includes three sections for cleaning cotton from large debris.
All three of these sections have two saw-tooth drums 4 and grate bars 5
underneath them. The grate bars have a round cross-section with an outer diameter
of 20 mm. It should be noted that with an increase in the cleaning efficiency of
each section, it is possible to reduce the number of sections, and thereby the
frequency of cotton cleaning [82]. The lower the frequency of cleaning, the less
damage to the fiber and seeds.

As noted in the work [83], E.F. Budin et al. proposed elastic grates (Fig.
1.22), which consist of a cylindrical rod with a diameter of 18 mm and a rubber
tube mounted on it. During the operation of the cleaner, the grates with a rubber
coating cushion the impact of the cotton flies on the grates, which reduces
mechanical damage to the seeds and the waste of flies. At the same time, the
rubber shell leads to a decrease in the impact impulse. In addition, the rubber
coating slows down the pulling of cotton due to increased friction between the
cotton and the grates. Therefore, grates with an elastic coating are inactive and
have not found application in production. The design of the grate (Fig. 1.23) with
grates with ribs on the cylindrical surface has also not found application [84],
which leads to damage to the fiber and seeds, the amount of free fiber increases.
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sections for coarse cotton cleaning, 4-saw drum, 5-bar grate with round grates.

34



Fig.1.21. Scheme of the cotton ginning unit UXK
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1-round rod; 2-rubber tube.
Fig.1.22. Round grate with rubber with a nozzle
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Fig.1.23. Grate of the fibrous material cleaner
with grooved grates 1-grate; 2-riffles (straight); 3-serrated drum

A more efficient design is the grate of the raw cotton cleaner [85], the
diagram of which is shown in Fig. 1.24. When the material interacts with the
bushings 3, the latter rotate on the rods 2, performing complex movements:
oscillatory and rotary - oscillatory due to the free fit of the bushings on the rods
with the formation of a gap between them of no more than 0,1-0,15 of the outer
diameter of the bushing. With such a complex movement of the bushings 3,
additional shaking of the cotton occurs, facilitating better separation of impurities
from it.

In the grate [86] the grates are mounted on the side segments by means of
elastic supports (see Fig. 1.24). When raw cotton is pulled through, the latter
interacts with the grates and imparts an oscillatory motion to them, which
facilitates additional shaking of the cotton filaments and the release of impurities.

However, the disadvantage of this design is the limited amplitude and
frequency of the grate oscillations, which depend on the characteristics of the
rubber bushing.

In [61], a grate for cleaning coarse debris is proposed, where three-sided
grates with a circumferential circle diameter of 20 mm, having forced rotation, are
installed under a saw-tooth drum. The advantage of a grate with three-sided
rotating grates (see Fig. 1.25) is that they allow better separation of debris due to
their edges, and somewhat increase the cleaning effect. When the depressions of
adjacent three-sided grates coincide, the gap between the grates actually increases,
which leads to the loss of raw cotton flakes through them. In addition, in three-
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sided grates, a significant number of flakes can fall out into waste, and damage to
the fiber and cotton seeds increases.

1-saw drum; 2-rod; 3-bushings (grate bars), 4-segment stand, 5-rolling bearings.
Fig. 1.24. Grate with composite grates made of a bushing installed with a gap on
the grate rod

N

1-working drum, 2-pin, 3-housing, 4-grate, 5-sleeve.
Fig.1.25. Grate bars on elastic supports

In the grate, where between adjacent round grates are installed grates of a
multifaceted shape [82], which also have forced rotation (Fig. 1.26). During the
operation of the cleaner, the grates with forced rotation shake the cotton to some
extent, due to which some additional effect of cleaning the cotton appears. But in
this design, there is also a loss of flies into waste and to some extent the
mechanical damage of the fiber and seeds increases. Fig. 1.27 shows a cleaner of
raw cotton from large foreign impurities. The cleaner works as follows. Raw
cotton enters the bin 1, passes through the feed rollers 2, is captured by the serrated
drum 4 and fixed by the lapping brush 3. In this case, the raw cotton filaments
fixed in this way on the teeth of the serrated drum hit the grate surfaces, due to
which some of the impurities are removed and released into the tray 7. The raw
cotton filaments captured by the serrated drum hit the first grate harder and bounce
back to the surface of the serrated drum. At this moment, additional engagement of
the uncaptured fibers by the teeth of the serrated drum occurs. The length of the
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connection between the saws and the raw cotton decreases. In this case, the
filament hits the nearest second grate. Due to the reduction in the length of the
bundles, the fly center moves toward the center and, due to the reduction in the gap
between the saw drum and the grate, it is close to the center of the grate, due to
which the impact force increases and the cleaning effect is enhanced. The process
Is repeated in the second and third groups of grates.

When grates of different diameters are installed with constant gaps between
us and the saw cylinder, as well as an invariable gap between the grates, the
necessary condition for loosening and cleaning the fibrous material is ensured
[86]. The cleaning effect is increased by successive impacts of the fibrous material
(cotton) on grates of different diameters (due to different cylindrical surfaces, the
impact impulse will also be different). In this case, the radius of the grate
installation relative to the axis of rotation of the cylinder and the step between
them will be different, which correspond to the values of the corresponding grate
diameters. Disadvantage is big care flyers to waste.

O

Fig.1.26. Raw cotton cleaner grate with rotating triangular grates
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1-saw-tooth drum; 2-round fixed grates;
3-rotating multi-faceted grate.
Fig.1.27. Raw cotton cleaner grate with rotating multifaceted grates

I grate
group

Fig.1.28. Cleaner for removing large impurities from raw cotton

-~

1.4. Conclusions on Chapter 1

1. An analysis of work on cotton separation technology has revealed its main
shortcomings, such as increased crushing of seeds, separation of fibers and
their disposal as waste, and unstable removal of fibers, which leads to their
damage.

2. It has been established that the considered designs of cotton separators and
their operating modes do not ensure the preservation of the natural properties
of raw cotton.

3. An analysis of the processes of cleaning cotton from small debris made it
possible to establish the main directions in which their improvement took
place, and the main directions of technology development were identified,
which consist in the need to avoid regular movement of the processed material.

4. It has been established that the vibration effect on the processed material is not
fully utilized, and its use represents a reserve for increasing the efficiency of
cleaning equipment.

In the process of cleaning cotton from large debris, the reserve for increasing

efficiency lies in the use of grate vibration to intensify the impact on the processed

material.
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CHAPTER 2. DEVELOPMENT OF AN EFFICIENT DESIGN OF THE
SEPARATION AND CLEANING SECTION OF A FLOW LINE FOR
CLEANING RAW COTTON

The flow line for cleaning raw cotton in cotton mills and cluster productions
includes a raw cotton separator, 1XK, UXK cleaners. The main disadvantage of
the existing designs is: uneven distribution of raw cotton, both in the direction of
movement and across the width of the working bodies, low effect of cleaning
cotton from large and small foreign impurities, incompatibility of the separator
with the cotton cleaners in terms of their productivity, etc. Therefore, in order to
eliminate the above disadvantages, increase the cleaning effect, uniformity of the
processes of separating cotton from air and cleaning, ensuring their compatibility
in productivity, a design scheme of the separation and cleaning section of the flow
line for cleaning cotton was developed. In addition, to further increase the effect of
separation and cleaning of raw cotton, a number of effective and resource-saving
designs of individual working bodies of separators and cotton cleaners were
developed, which together provide a high effect of separating air from cotton and
cleaning it from large and small foreign impurities.

2.1. Improving the technology in the separation and cleaning section of the
cotton cleaning flow line

As noted above [6, 22], the known separation and cleaning section of the
cleaning shop includes the CC-15A separator, SHX-screws and two parallel-
mounted cleaning units of the UXK. The main disadvantage of the separation and
cleaning section of the cleaning shop is the uneven feed of raw cotton by the
separator along its working length and the uneven distribution of raw cotton
among the cleaning units of the UXK due to the sequential distribution of cotton,
as well as the low effect of cleaning cotton from small and large debris due to the
imperfection of the working parts of the cleaning unit of the UXK. (Table 2.1)
[88. 233-234 pp]

In addition, the design cannot be used in cluster production, where a single
flow cleaning line with a capacity of (7+8) t/h is appropriate.

It should be noted that the cotton cleaning unit UXK consists of
successively installed cleaning zones from small and large debris, while the
cleaning zone from small debris includes feed rollers and successively installed
pin drums and mesh surfaces under them. Cleaning zones from large debris
include two saw cylinders and grates under them. In this case, small and large
debris fall into one screw conveyor. The main disadvantage of the cleaner is the
low cleaning effect of cotton due to the imperfection of the working parts [89].
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Table 2.1
Cleansing effect UXK unit

difficult purified by C4880, 149-F,

in grades | and Il , with an initial moisture content of 8-9% at
productivity no more than 7000 kg/h 75-80
in grades Il and IV , with an initial moisture content of 9-10%
productivity no more than 5000 kg/h 75-80

From the above analysis it can be noted that the existing separator is a
chamber divided by a mesh partition into two parts: cotton and air. In the cotton
part there is a guide and a scraper, which cleans the raw cotton from the mesh
located on the sides, and directs it to the vacuum valve. The vacuum valve is
designed to unload the raw cotton from the separator chamber and create a seal
that prevents outside air from being sucked into the separator chamber through
the discharge opening. The air part of the chamber is limited by a mesh surface
on the sides. The raw cotton fed to the separator by the air flow through the
branch pipe hits the wall of the working chamber. In this case, the speed of the air
flow in the separator drops sharply, and the main part of the raw cotton falls into
the vacuum valve, and a certain part reaches the mesh surface and is dumped by
the scraper into the vacuum valve. A significant disadvantage of this separator is
that during the removal of raw cotton by scrapers, the fiber, pressed by the air
flow to the mesh surface, and the seeds are damaged. In addition, the useful area
of the mesh surface is limited, which makes it difficult to completely remove part
of the cotton [90].

We have proposed a design for a separator for raw cotton, containing a
separation chamber with perforated nets in the end walls, the openings of which
are made cylindrical at an angle of 45°-60° to the plane of the net. Pipes for the
input and output of raw cotton, a vacuum valve, scrapers with elastic blades
adjacent to the disks, mounted on a drive shaft [91].

In order to ensure continuity and uniformity of separation of cotton from air
in the separator along its length, increase the cleaning effect, ensure the
compatibility of the separator and cotton cleaner, allowing use in cluster
production with a single flow line for cleaning cotton, we have improved the
design, layout and compatibility of separators and cotton cleaner, and the designs
of the cleaner elements.

The essence of the design is that the separation and cleaning section of the
cleaning shop consists of a separator combined with one cotton cleaner and
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includes a separation chamber with inlet and outlet pipes, a perforated end screen
with a scraper installed at the end of the chamber, a vacuum valve with an
impeller located in the lower part of the chamber, and a guide mounted at the inlet
in the chamber, while at the inlet to the separation chamber an upper guide is
mounted, oriented from the inlet to the vertical axis of the end screen, made
composite, including a curvilinear main rigid plate, to which an outer plate is
attached through a gasket having elastic deformation, and a lower guide. In this
case, the mesh surfaces are made spherical with a radius of (1,25+1,35)*R.y,
(where Ry is the inner radius of the cylindrical part of the chamber), and the clips
with elastic blades are also made spherical with a radius equal to the radius of the
mesh surface, the cotton cleaner combined with the separator consists of
successively installed zones of fine and coarse cleaning, wherein the fine cleaning
zone includes feed rollers and successively installed peg drums and mesh surfaces
under them. Coarse cleaning zones include two saw cylinders and grates under
them and trash collectors made separately for fine and coarse cleaning. The left
feed roller is made with a diameter 1,2 times larger than the diameter of the right
feed roller, the drum pegs are made multifaceted and in the form of a truncated
cone. In the coarse cleaning zones, the gaps between the saw cylinders and the
grates are selected to decrease as the cotton is pulled through, with this gap being
17 mm in the initial cleaning zone and 13 mm in the output zone. Chapter 5 shows
that the design ensures effective separation of cotton from air, combined operation
of the separator and cleaner, and also ensures an increase in the cleaning effect of
cotton from small and large debris [91].

The design consists of a separator and a cotton cleaner (Fig. 2.1) The raw
cotton separator consists of a separation chamber 2, on the ends of which mesh
surfaces 3 are mounted, having a spherical shape with a radius R = (1,25-1,35)*Ry
(Rey Is the inner radius of the cylindrical part of the chamber). (Fig. 2.1 a and b)
Scrapers 5 with elastic blades adjacent to the mesh surfaces 3 are mounted on a
drive shaft 4, which are also made spherical with a radius R (see Fig. 2. 1.b). In the
center of the chamber there is an inlet pipe 1, on the sides there are outlet pipes 6.
A vacuum valve 7 is installed under chamber 2. A shaft 8 is installed at the bottom
of the separator and then feed rollers 9.

The cotton cleaner includes a small debris cleaning zone 10 and a large
debris cleaning zone 11 installed in a housing 12. In the small debris cleaning zone
10, pin drums 13 are installed and under them a mesh surface 14 and a trash
collector 15 for small debris. The large debris cleaning zone 11 includes brush
drums 16, saw drums 17, a grate 18 under them, a removable brush drum 19, and
at the bottom a screw conveyor 20 for removing large debris.

The feed rollers 9 are made with different external diameters, where d; = 1,2
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d, (see Fig. 2.1.c). The pins 21 of the drum 13 are made in the form of a truncated
body (see Fig. 2.1.d). In the large cotton cleaning zone, the gaps between the grate
bars 18 and the saw cylinder 17 are made decreasing, wherein Aj, - Aqyt =17-13=4
mm (minimum seed size), Ai, IS the gap between the saw cylinder 17 and the grate
bar 18 in the initial cotton pulling zone, Aq IS the gap in the output part [92].

The separation and cleaning section of the cleaning shop operates as follows.
Raw cotton enters the separator through the inlet pipe 1. With the help of the upper
and lower guides 4 with a curved working surface, raw cotton and air are directed
to the zone of enhanced hovering of raw cotton, i.e. to the central section of the
mesh surface 3. In this case, mechanical effects on cotton are significantly reduced.
In addition, the lower guide 4 additionally prevents cotton from falling into the gap
between the wall of the housing and the mesh surface 3. Guide 4 ensures
continuous and uniform distribution of cotton and separation of air from it.
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a-general diagram; b-separator diagram; c-feed roller diagram; d-drum pin
diagram.

Fig.2.1. Separation and cleaning section of the cleaning shop, distribution of
cotton and separation of air from it.

In this case, the air is sucked out by the pneumatic system through the mesh
surfaces 3 and is carried out of the separator from the outlet pipe 6. The raw cotton
hits the mesh, the air flow speed drops sharply, and the bulk of the raw cotton falls
into the vacuum valve 7, and some settles on the surfaces of the mesh surfaces 3. It
should be noted that due to the implementation of mesh surfaces 3 as spherical
with a radius R=(1,25-1,35)*R.y, the working surfaces of meshes 3 are increased.
This allows air to be sucked out through meshes 3 without braking. The rotating
shaft 4 sets in motion the clips 5, which, moving the cotton bats settled on the
spherical mesh surfaces 3, direct them into the vacuum valve 7. In this case, due to
the spherical shape of the mesh surfaces 3, the amount of raw cotton settled on
them will be evenly distributed and therefore their removal from the holes of the
mesh 3 will be easy. In this case, as shown in Chapter 5, the damage to the raw
cotton fibers is significantly reduced and the reliability of the separator operation
will increase. Then from the vacuum valve 7 through the shaft 8 the cotton goes to
the feed rollers 9. To eliminate the faces in the feed zone the left feed roller 9
rotates with a higher linear speed of its blades relative to the linear speed of the
blades of the right feed roller 9. In the zone of cleaning cotton from small debris,
the conical multifaceted choppers 21 of the drums 13 capture the cotton, dragging
it along the mesh surface 14, loosening it. In this case, small debris is removed by
the trash collector 15 separately from the cereal debris. In the cotton cleaning zone
from large debris, brush drums 16 transport cotton, which falls onto saw cylinders
17. The teeth of saw cylinders 17, capturing cotton volatiles, drag them along the
grate bars 18. In the initial cleaning zone, the cotton will be less loosened and
therefore the gap between saw cylinder 13 and the grate bar 18 is chosen to be
larger 6in = 17 mm, and in the output zone doyt = 14 mm. This is provided effective
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selection weeds impurities.

The design ensures efficient separation of cotton from air, combined
operation of the separator and cleaner, as well as an increase in the cleaning effect
of cotton from small and large debris and the use of the recommended design in
cluster production.

At the same time, for the considered section of separation and cleaning of
cotton, a number of efficient and resource-saving designs of working parts of
separators and cleaners of cotton, mainly from large debris, were developed.

2.2. Separator with curved cotton guides in the inlet part of the chamber

In order to maximally preserve the natural qualities of the manufactured
products, eliminate the impact of raw cotton on the back wall and exceptionally
extend its service life, the design was improved with the necessary geometric
parameters of the separator guides, allowing for a minimal reduction in cotton
damage and an increase in the reliability of the separator [92].

The essence of the design is that the separator contains a separation
chamber, at the end of which a mesh surface with scrapers is located, in the lower
part of the chamber a vacuum valve with an impeller is located, while in the
separator chamber at the outlet there are guides made of metal sheets, the working
parts of the upper and lower ones are made curvilinear, in the form of a part of a
cylinder with a radius Ry = 1.25 R (where R is the radius of the mesh surface),
and the working surface of the upper guide is located up to the vertical axis of the
mesh surface. The working surface of the lower guide is made shortened, and
forms a gap with the mesh surface of no more than (10 + 15) mm. The guides are
rigidly installed in the separator body (Fig. 2.2).
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a-general diagram of the developed separator; b-cross sections of the separator.
Fig. 2.2. Raw cotton separator.

The raw cotton separator consists of a body 1 (Fig. 2.2), an inlet pipe 2,
upper and lower guides 3, an outlet pipe 4, a mesh surface 5, a scraper 6 and a
vacuum valve 7.

For suction of air from the air chamber 9, perforated walls 5 are installed in
the ends. For cleaning individual cotton bats adhering to the perforated nets 5,
there are scrapers 6 installed on the shaft. For removal of raw cotton from the
separator, there is a vacuum valve 7 with an impeller installed on the shaft.
Rotation of the scraper shaft is carried out by a V-belt transmission from the
vacuum valve 7. The working surface of the upper guide 3 is made curved with a
radius Ry = 1,25R. (where R; is the radius of the mesh surface), the length of the
working surface 5 of the upper guide 3 reaches the vertical axis of the mesh
surface 5. The working surface of the lower guide 3 is also curved, with a radius
RH and makes a gap with the mesh surface 5 within (10+15) mm.

The separator operates as follows.

Raw cotton enters the separator through the inlet pipe 2. With the help of the
upper and lower guides 3 with a curved working surface, raw cotton and air are
directed in the zone of increased hovering of raw cotton, i.e. in the central section
of the mesh surface 5, and not on the rear wall 8 of the separator housing 1. In this
case, mechanical effects on cotton are significantly minimized. In addition, the
lower guide 3 additionally prevents cotton from falling into the gap between the
wall of the housing 1 and the mesh surface 5. Air is sucked out through the air
chamber 9 and discharged through the outlet pipe 4. To clean the separated cotton
voles that have stuck to the perforated meshes 5, scrapers 6 dump them into the
vacuum valve 7.

The proposed raw cotton separator allows for maximum preservation of the
natural qualities of manufactured products and significantly extends their service
life.

2.3. Raw cotton separator with composite elastic guide

The design of the separator has been improved, allowing for small vibrations
of the guide, reducing damage to cotton and increasing the reliability of the
separator (Fig. 2.3).

The essence of the design is that the separator contains a separation
chamber, at the end of which a mesh surface with scrapers is located, a vacuum
valve with an impeller is located in the lower part of the chamber, while in the
separator chamber at the outlet there are guides made of metal sheets, the working
parts of the upper and lower are made curvilinear, in the form of a part of a
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cylinder with a radius Ry= 1.25-R¢ (where Rc is the radius of the mesh surface),
and the working surface of the upper guide is located up to the vertical axis of the
mesh surface. The working surface of the lower guide is made shortened and forms
a gap with the mesh surface of no more than (10 + 15) mm. The guides are rigidly
installed in the separator body. Moreover, the upper guide is made composite from
the outer part of the plate made of plastic, which is attached to the main plate by
means of a rubber gasket, the thickness of which increases from the outlet part to
the axis of the mesh surface. The main plate is rigidly installed in the separator
body. The plates and the rubber gasket are connected to each other with a special
glue. At the same time, due to the small nonlinear vibrations of the plastic plate,
the interaction with the cotton will be soft, and damage to the seeds will be
reduced [93].

Raw cotton enters the separator through the inlet pipe 2. With the help of the
upper and lower guides 3 with a curved working surface, raw cotton and air are
directed in the zone of increased whirling of raw cotton, that is, in the central
section of the mesh surface 5, and not to the rear wall 8 of the separator body 1.
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Fig.2.3. Separator with a composite guide with an elastic shock absorber.
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In this case, mechanical impacts on cotton are significantly reduced. Air is
sucked out through air chamber 9 and discharged through outlet pipe 4. To clean
separated cotton bats adhering to perforated nets 5, scrapers 6 dump them into
vacuum valve 7. In this case, nonlinear angular oscillations of outer plastic plate
11 occur. Cotton movement is cushioned, and the main part of cotton falls into
vacuum valve 7. In this case, cotton damage is significantly reduced. In addition,
hard impact interactions of cotton with rear wall 8 of separator housing 1 are
virtually eliminated. The reliability of separator operation is increased.

2.4. Cotton separator with improved perforated disc design

In order to reduce damage to cotton fibers during the interaction of scrapers
with perforated disks, the separator design was improved to reduce the friction
force between cotton fibers and the surfaces of the holes of the perforated disks
(nets) (Fig. 2.4). The raw cotton separator consists of a housing 1 with inlet 2 and
outlet pipes and a vacuum valve 4 installed in the lower part of the housing 1. A
cylindrical chamber 5 is located in the housing 1, along the ends of which
perforated nets (disks) 6 are fixed (Fig. 2.4).

To clean individual cotton filaments that have adhered to the perforated
meshes 6, there are scrapers 7 mounted on the shaft 8. In this case, the openings 9
of the perforated mesh 6 are made conical with a curved surface, the ratio of the
diameters of the main openings 9 is selected d,=(1,15 + 1,255) d; (where d; is the
diameter of the small base, d; is the diameter of the large base of the conical
openings) [94].

The separator for raw cotton operates as follows. Cotton is fed by an air
flow through the inlet pipe 2 into the separating cylindrical chamber 5 of the
separator. In this case, the air is sucked out by the pneumatic system through the
perforated mesh 6 and is removed from the separator from the outlet pipe 3. The
raw cotton hits the mesh 6, the air flow speed decreases sharply, and the main
mass of the raw cotton falls into the vacuum valve 4, and some settles on the
surfaces of the perforated mesh 6. It should be noted that, due to the conical design
of the holes 9 of the mesh 6, the force holding the cotton fibers on the surface of
the mesh 6 is significantly reduced. Therefore, the portion of the cotton mass
settling on the surface of the mesh 6 is reduced.

The uniformly rotating shaft 8 sets in motion the scrapers 7, which, moving
the cotton flakes settled on the surfaces of the perforated nets, direct them into the
vacuum valve 4. In this case, due to the conical openings 9, the main mass of the
flake fibers will mainly be located on the side of the large base of the openings 9,
and therefore their pulling out of the openings 9 by the scrapers 7 will be with less
force. The curvilinearity of the surface of the openings 9 allows for a reduction in
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the friction force between the cotton flake fibers and these surfaces due to the
coincidence of the generatrices of the openings 9 with the direction of the shear
force of the scrapers 7. In this case, the damage to the raw cotton fibers is
significantly reduced.

2.5. Separator with a spherical mesh surface of the separating chamber

To ensure maximum preservation of the natural properties of raw cotton, the
design of the raw cotton separator has been improved by increasing the useful area
of the mesh surface [94].

The essence of the design is that the raw cotton separator contains a
separation chamber with mesh surfaces in the end walls, pipes for the input and
output of raw cotton, a vacuum valve, clips with elastic blades adjacent to the
mesh surface, mounted on a drive shaft, wherein the mesh surfaces are made
spherical with a radius of (1.25+1.35) R¢, (where Ry is the inner radius of the
cylindrical part of the chamber), and the clips with elastic blades are also made
spherical with a radius equal to the radius of the mesh surface.
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a-general diagram of the separator; b-cross-section of the separator;
c-perforated disc (part).
Fig. 2.4. Raw cotton separator.

The raw cotton separator operates as follows (see Fig. 2.5). Raw cotton is
fed by the air flow through the inlet pipe 1 into the separator's separation chamber
2. In this case, the air is sucked out by the pneumatic system through the mesh
surfaces 3 and is carried out of the separator from the outlet pipe 6. The cotton hits
the meshes 3, the air flow velocity sharply increases, and the main mass of raw
cotton falls into the vacuum valve 7, and some settles on the mesh surfaces 3. It
should be noted that due to the mesh surfaces 3 being made spherical with a radius
R = (1,25-1,35) Ry, the working surfaces of the meshes 3 are increased. This
allows air to be sucked out through the meshes 3 without braking.

The uniformly rotating shaft 4 sets in motion the clips 5, which, moving the
cotton bats settled on the spherical mesh surfaces 3, direct them into the vacuum
valve. In this case, due to the spherical shape of the mesh surfaces 3, the amount of
raw cotton settled on them will be uniformly distributed, and therefore their
removal from the holes of the mesh 3 will be easy. In this case, the damage to the
raw cotton fibers is significantly reduced and the reliability of the separator
operation is increased [94].

2.6. Improving the technology of cleaning cotton from small debris

In the technology of cleaning raw cotton from small debris in the cleaning
zone, mainly pin drums and mesh surfaces are used.

In order to improve the technology of cleaning cotton from small debris,
effective designs of mesh surfaces have been developed [66; pp. 29-31, 95].
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Fig. 2.5. Scheme of a separator with a spherical shape of the mesh surface of the
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chamber

In order to increase the effect of shaking the cotton bats over the mesh
surface due to their vibrations, a design of a fibrous material cleaner mesh has
been proposed [95; pp. 267-270]. In this design, the mesh, rigidly installed in the
arcuate sidewalls, is made with rows of holes, part of the crossbars of each row of
holes are made protruding, having either a spherical or a broken curve. In this
case, the mesh with the recommended crossbars forms a peculiar wavy (there are
protrusions and depressions) surface. A disadvantage of the known design is the
significant slowdown of the cotton bats on the mesh surface due to the cyclically
changing heights of the crossbars between the holes. This significantly increases
the damage to the cotton fibers, and also reduces the productivity of the machine.

In a device for drying and cleaning raw cotton [96], containing a vertical
chamber with feed units located along the height of the chamber in a checkerboard
pattern, perforated (with holes) and solid surfaces, wherein each solid surface of
the walls is combined with the wall of the corresponding branch pipe for feeding
the heat agent and is made of two different-sized mutually perpendicular sections,
the smaller of which is located in the plane adjacent to the perforated surface,
wherein the nozzles of the branches are located on the smaller section. In addition,
the angle of inclination of the perforated surfaces to the horizon is 50-55° wherein
large sections of the solid surfaces of the walls are connected to subsequent
perforated surfaces by vertical shields, with the formation of a zigzag channel for
the fiber. The disadvantage of this design is the low effect of cotton cleaning due
to the lack of forced mechanical pulling along the zigzag-arranged mesh surface.
This design is primarily intended for drying cotton.

In another known design [97], the mesh surface, made of stamped sheet steel
with holes, bent along an arc of a circle at four corners (edges), has steel bushings
welded to it, into the holes of which pins enter, rigidly connected to the body of the
cleaner, and elastic (rubber) bushings are installed between the pins and bushings.
As a result, when the fibrous material interacts with the surface of the mesh,
oscillations (vibrations) of the mesh occur due to the deformation of the elastic
bushings. In this case, the first two elastic bushings, installed in the left corners of
the mesh, have a greater thickness relative to the thickness of the two elastic
bushings installed in the right corners of the mesh. This ensures the greatest
amplitude oscillations of the mesh at the beginning of the interaction of the pulled
fiber with the pin drum of the cleaner [98]. The disadvantage of this design is
insufficient contact and monotonous movements of the cotton fly being pulled
along the surfaces of the bridges between the mesh openings, as well as
insufficient pulsed interaction of the cotton fly with the mesh surface and
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insufficient braking when pulled along the arc of the inner cylindrical surface of
the mesh, which do not allow a significant cotton cleaning effect to be achieved.

A significant increase in the cleaning effect of fibrous material (cotton) from
small debris of the debris-collecting mesh of the fibrous material cleaner is
achieved by improving the design of the mesh surface by providing a trajectory of
movement of cotton bats in the area of its dragging along a broken line along the
planes (faces) that make up the mesh surface. In this case, the directions of
interaction of cotton bats with the planes of the multifaceted mesh surface will
change cyclically. This leads to effective separation of small debris from cotton
bats.

The mesh surface of the fibrous material cleaner consists of a trash net with
holes (Fig. 2.6). The mesh surface is made in the form of a part of a polyhedral
prism with ribs. The holes are made in rows on each face (plane), and between
adjacent faces the holes are staggered. The trash net has rigidly connected
bushings at the edges in four corners, into which pins enter, rigidly connected to
the cleaner body. Elastic (rubber) bushings are installed between the bushing and
the pins. A drum with pins is installed above the net in the body.

During operation, raw cotton is captured by the drum pins and pulled along
the mesh surface. In this case, the cotton bats will move along the edges of the
mesh surface, changing the trajectory of movement, undergoing cyclic interactions
with the multifaceted mesh surface. This leads to the effective release of foreign
impurities. The foreign impurities released in this case fall out through the holes.
At the same time, due to the change in the total mass of cotton located on the mesh
surface, some deformations of the elastic bushings occur. Considering that the
mass of the raw cotton being pulled changes over time, the deformations of the
bushings also change. This leads to vibrations of the mesh with a certain frequency
and amplitude.
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1-mesh surface; 2-holes; 3-prisms with ribs; 4-bushings; 5-finger; 6-rubber
bushings; 7-cleaner body; 8-drum; 9-pegs.
Fig. 2.6. Mesh surface of the fibrous material cleaner

In this case, at the beginning of the raw cotton pulling zone, the mesh
vibrations will occur with the greatest amplitude due to the larger diameter of the
elastic bushings in this zone, and at the end of the raw cotton pulling zone, the
mesh vibration amplitude will be the smallest. The frequency and amplitude of the
mesh vibrations depend on the rigidity of the elastic bushings, the mass of the
mesh, and the change in the mass of the cotton being pulled.

2.7. Improving the efficiency of cotton cleaner grates for removing large
debris.

The main disadvantages of the considered grate cleaners for large debris are:
low cleaning effect, complex designs, imperfect structural elements, multiple
cleaning, insufficient justification of technological and design parameters and
rotation modes of the saw-tooth drum.

In order to improve existing designs and increase the cleaning effect, we
have developed a number of highly efficient grate designs that allow maximum
preservation of the natural qualities of cotton and seeds [99, 100, 101].

In the design recommended by us, the composite grates are installed in the
side segments by means of elastic bushings, the thickness of which is selected to
decrease as the cotton is pulled through. In this case, the gaps between the grates
are also selected to decrease as the cotton is pulled through, and the difference
between adjacent gaps between the grates as the cotton is pulled through is
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selected to be equal to the difference in the thickness of the elastic bushings
between even and odd adjacent grates as the cotton is pulled through. In this case,
at the end of the pulling zone, the cotton will be looser, and in order to reduce the
loss of cotton fly ash along with the debris, the gaps between the grates will have
smaller dimensions.
The design works as follows (Fig. 2.7). Saw cylinder

2 grabbing raw cotton with its teeth, it pulls it along the grates 2. In this case, the
grates 2 oscillate due to the impact of the cotton flies on them and the
deformations of the elastic bushings 3. The thickness of the elastic bushings 3 is
chosen to decrease as the cotton is pulled through and have the following
relationships:

A=11—R: A= 12— R; Av=1a— R; Ar> A > A, (2.1)

where R is the radii of the grate bars; r;,r, r , are the outer radii of the elastic
bushings 3 of the corresponding grate bars 2; Ai, A, A, are the thickness of the
elastic bushings 3 of the corresponding grate bars 2 .

In this case, at the beginning of the pulling zone, the raw cotton will be less
loosened and therefore, due to the greater thickness of the elastic bushings 3, the
grates 2 in this zone will oscillate with a greater amplitude and lower frequency,
which allows not only the separation of foreign impurities, but also some
loosening of the cotton. At the end of the cotton pulling zone, due to the smaller
thickness of the elastic bushings 3, the grates 2 oscillate with a greater frequency
and lower amplitude. This leads to the separation of foreign impurities located
deeper in the fibrous mass (fly).
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Fig.2.7. Grate of the fibrous material cleaner

The gaps between the bars are also selected to decrease as the cotton is
pulled through, which have the following ratios:
d|—d>— ﬂ.|—&3; dy—d3— 52—34; di—dqa— ﬂ\;—zﬁ:ﬁ, dp-1—dp— ﬁn-|—rﬁn+| (22)

where ai, a,, a,, - the gaps between the grates 2 along the direction of cotton
pulling.
In this case, the difference in the gaps between adjacent grates 2 along the
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course of cotton pulling is selected according to (2.2) equal to the difference in the
thicknesses of the elastic bushings 3, respectively, between even and odd adjacent
grates 2. Along the course of pulling, the cotton will be more divided into strands,
and, in order to reduce their falling out through the gaps between the grates 2,
these gaps are made decreasing, according to expressions (2.2).

The recommended fibrous material grate allows for a significant increase in
the cleaning effect and reduces the loss of cotton flies with the released debris.

The following grate for a fibrous material cleaner has been developed,
containing multi-faceted grates with a different number of faces, which, in the
course of pulling the fibrous material, are selected in such a way that each
subsequent grate has one more face than the previous grate.

The grates are installed in the arc-shaped sidewalls by means of elastic
rubber bushings. In the initial cleaning zone, the cotton is exposed to interaction
with the grates with a smaller number of edges, ensuring gradual loosening of the
cotton with the release of debris. At the end of the cotton pulling zone, due to the
larger number of grate edges, the cotton is exposed to multi-frequency interactions
with the grate edges in different directions. This also leads to the release of debris
located deeper in the cotton.

The proposed design consists of grates 1, which are installed in elastic
rubber bushings 3, in arched strips 4 and a rotating saw-tooth drum 2. The grates 1
are made multifaceted. In this case, each subsequent grate 1 has one more face
than the previous one. The first grate is made tetrahedral, the second is
pentahedral, the third grate, installed along the cotton pulling path, is made
hexagonal, and so on. With a three-section grate, each section has five grates 1,
then the last grate 1 will have 18 facets (Fig. 2.8).

AsA (mxreased )

Fig.2.8. Grate of a fibrous material cleaner with multi-faceted grates on elastic
supports

During operation, raw cotton (fibrous material) is fed to the saw cylinder 2,
the teeth of which grip the raw cotton and drag it along the grates 1. In this case,
the cotton hits the multi-faceted grates 1. The force and direction of the impacts
along the rotation of the drum 2 will be different due to the different number of
grate faces 1. In this case, with an increase in the number of grate faces 1, the force
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of the impact of the cotton on the face of the grate 1 decreases, and with a
decrease in the number of grate faces 1, on the contrary, the force of the impact
increases. Therefore, in the initial zone, raw cotton, hitting the grates 1 with four
faces, is subjected to loosening and separation of debris from it with greater force.
Further, with an increase in the faces of the grates 1, the force of interaction of the
cotton with the faces of the grates 1, although decreases, their frequency and
amplitude of interaction increase. This contributes to the effective separation of
mainly large debris. In this case, the following ratio is adhered to:

K=K, +1 (2.3)
where K is the number of faces of the i -th grate 1. K ; +; - the number of faces of
the (i -1)-th grate.

In order to increase the productivity, cleaning effect and reduce the loss of
cotton fly ash to the trash chute, the grate design has been improved by providing
the required sequence of installing round and multi-faceted grates along the cotton
pulling path. During operation, raw cotton (fibrous material) is fed to the saw-
tooth drum 3, the teeth of which grip the raw cotton and pull it along the grate. In
the area of action of the saw-tooth drum 3, the cotton cyclically strikes the multi-
faceted grates 1 and the round grates 2 (Fig. 2.9). In this case, the force and
direction of the impacts along the rotation of the saw-tooth drum 3 will be
different due to the different number of grate faces 1. In this case, with an increase
in the number of grate faces 1, the force of the impact of the cotton on the face of
the grate 1 decreases, and with a decrease in the number of grate faces 1, on the
contrary, the force of the impact increases. This interaction of cotton with multi-
faceted (various quantities) grates 1 facilitates the separation of impurities of
varying mass and with varying depth of presence in the cotton from raw cotton.

The alternation of round grates 2 between polyhedral grates 1 during
interaction with fibrous material significantly reduces their braking and also makes
it possible to change the forces of impulsive interaction and the law of movement
of fibrous material in the zone of their dragging [102, 103, 104].

Fig.2.9. Grate of the fibrous material cleaner

In the next design that we recommend, the composite grates are attached to
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the side segments using elastic elements [91, 99, 100] Appendix (16a, 16b, 16c).

The design works as follows (Fig. 2.10). Saw cylinder 1, which holds the
cotton bats with its teeth, pulls them along mesh 2. In this case, mesh 2, fixed on
elastic bushings, vibrates under the action of the pulled cotton tufts. The thickness
of elastic bushings 3 decreases as the cotton advances so that ratio (2.2) is
satisfied:

Ar=n—Re A=r-Re Ay=r—R: A =A== 0 =A, (24}

where R is the radii of the grate bars; ry, rp, ry - the outer radii of the elastic
bushings 3 of the corresponding grate bars 2; Aj, A,,.., Ay IS the thickness of the
elastic bushings 3 of the corresponding grate bars 2.

The use of a composite with a plastic matrix for the manufacture of grates
completely eliminates the possibility of cotton ignition from a spark caused by a
stone hitting the grates.

o
-

A*/ A-A
Fig.2.10. Proposed grate for cotton cleaner
The proposed design was studied theoretically in Chapter 4 and tested under
production conditions; the results of the testing are presented in Chapter 5.

(§%)

2.8. Conclusions on Chapter 2

1. Combination and continuity of technologies for separation of raw cotton
from air and cleaning are proposed. On this basis, a design scheme of the
separation and cleaning section of the flow line for cleaning raw cotton is
developed.

2. Effective design schemes of working bodies and elements of cotton
separators have been developed:

- separator with curved cotton guides in the inlet part of the chamber;

- diagram of a raw cotton separator with a composite guide with an elastic
shock absorber;

- raw cotton separator with improved perforated disc design;

- diagram of a separator with a spherical shape of the design of the mesh
surface of the chamber.

3.Based on the analysis of work on improving the technology and
technology of cotton cleaning, a modernized technological line for cleaning raw
cotton has been developed
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4. A cotton cleaning scheme using developed designs of multifaceted
mesh surfaces is recommended.

5. Recommended effective design schemes of working bodies and
elements of large cotton cleaning sections:

- a cotton cleaner with conical grates on elastic supports, the thickness of
which decreases as the cotton is pulled through, while the gaps between the grates
are also selected to decrease;

- araw cotton cleaner with multi-faceted composite grates on elastic rubber
supports;

- a cotton cleaner for large debris with combined grates, made in the form
of cylindrical and multi-faceted grates, installed in alternation along the cotton
pulling path.
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CHAPTER 3. THEORETICAL JUSTIFICATION OF THE PARAMETERS
OF WORKING BODIES AND TECHNOLOGICAL MODES OF THE
ZONE OF SEPARATION OF AIR FROM COTTON IN A COMBINED
SEPARATION AND CLEANING UNIT

In the developed design of the separation and cleaning unit, the machines are
arranged in series. This ensures continuity and uniformity of the technological
processes of separating raw cotton from air, as well as cleaning the cotton. It is
important to ensure the efficiency of separating air from cotton, preserving its
natural physical and mechanical properties. To minimize damage to fibers and
cotton seeds in the zone of separation and cleaning of raw cotton, working
elements are used that allow gentle interaction with cotton. To ensure the main
parameters of the separation and cleaning unit, complex theoretical and
experimental studies were carried out. The results of theoretical studies of the zone
of separation of raw cotton are considered below.

3.1. Theoretical study of the processes of formation and removal of a layer of
raw cotton from the surface of a separator mesh.

Let's consider the process of movement of the cotton layer in the separator.
Such a layer is formed on the surface of the mesh under the action of a continuous
flow of cotton, as a result of separation of the raw material by a scraper. The
thickness of the layer on the surface changes, when rotating, the scraper scrapes it
off the surface, and under its own weight it gets into the vacuum valve zone.

We select a polar coordinate system (h, 0), which is located at the central

point of the surface. The layer thickness is determined as follows ' = h(8), where
h is the thickness of the cotton on the surface of the mesh, the angle of inclination

& is calculated based on the position of the scraper and depends on time t (Fig.
3.1).

Since the scraper has a constant speed, the process is stationary and the
thickness of the feedstock depends on the difference 6= 0 - wt (where w is the
angular velocity of the scraper rotation). Using the stationarity condition, we
consider the process actions in the interval 0 <t < T (T =27/w)), and the
interval of change of the angle & we will take as 0 < § <2 =z. In this case, the air
flow through the surface dS will:

dQ = p(0)YU()dS, (3.1)

where p (8) and U (0) dS are the density and velocity of air on the surface.

We assume that the air density is constant p(8) = po.
Let us consider the coordinate system as shown in Figure 3.1, in this case
dQ = poU(8)dS | and the air flow rate ¢ = poU(8)rdrdo.

To determine the air flow in a sector with a central angle of 4 along the
surface, we write the previous expression as follows:

Q= Q) = po [ rdr [T U(8)dO = po "1

INUGLT (3.2)
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where: R ¢ and R are the inner and outer radii of the mesh surface.
This equation is obtained from the steady state of the air flow

R RD
Qo = f Uu(e)de , (3.3)
where Qo - general air flow to the surface.
y
A

1

Fig.3.1. Scheme of movement of the scraper along the separator grid

The air suction rate varies based on equation (3.3). The equation is a first-
order integral equation with multiple solutions. To obtain a unique solution, it is
necessary to know the law of air suction along the surface of the mesh. To do this,
consider the process of air passing through the layer based on filtration theory.
According to this theory, the speed at which air passes through the layer (filtration)
is proportional to the pressure gradient in it.

U= kuj_i (3.4)

where k, =k / p,g (m*/Ns), k is the filtration coefficient (varies depending on the

thickness of the cotton layer), m/s, p o is the air density. Considering 2 = h (6),
then according to formula (3.2), the air flow rate will take the form:

Q = Q) = po [y rdr [, U(B)dO = poko~—2 ""” [) L de (3.5)

Thus, the air flow in the layer is determined by the pressure gradient, which
is a function. Let us give a special case.
p=A(h—ho)/hy +po  (hy = h(0)) (3.6)
Here is A ; - a constant, - depending on the values of 6, = 0, the thickness of the
layer h o and the pressure in it po. Using condition (3.3), we determine the constant
Ar
A, = #M (3.7)
Thus, we obtain the following formulas for air flow, its speed and pressure:
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Je— % (3.8)

m(R*~R§)po
_
Q=" (3.9)

£ = n?falzkl—(g:?}k:n;{n *Po (3.10)

Since the pressure is in a linear dependence (3.4) on the layer thickness on

the surface of the grid, the air flow does not change according to formulas (3.9), its

flow is limited by a linear law relative to the angle in. We assume that the

maximum hi1 + hy and the minimum will be equal to & = 0 and 6§ = 2=,

respectively, in this case the ratio will be the following h = hy(2%)/2z + h o,
then the air pressure in the raw material is calculated as follows.

Qohy(2m) -

- 2m?(R2=Rj)kopy +Po (3.10)

Let us consider theoretically the laws of distribution of the speed and density

of cotton raw material on the surface of the net. Let the movement of the raw

material flow occur only in the angular direction, and its speed v , depends on the

angle 4. In the layer under the action of the scraper, we determine the pressure p,

which depends on the change in the angle 8. The element of the OAB

highlighted in Fig. 3.1 moves along the surface of the grate, the Coulomb friction

force acts on it f(P —Po)SdO. the surface area can be expressed through

— 2 _ pi . . .
S =m(R" = R5) ds = R.d6, then the Euler equation for the stationary motion of
an element along an arc MMy can be expressed as follows:

dvy . d{SaPn) . fS(]'.'-' _ Pn}r {3 11 ]

ﬂ'pnsﬂﬁ = ds
where So = R(B)(R — Ro)js the surface area of the layer, the center of which is
located at point M.

Equation (3.11) includes three unknowns: velocity v, pressure p, and
thickness of the initial material h(¢), so to solve it we will use two additional
equations. The first equation is the law of conservation of mass, due to the
stationarity of the process (Q, is the consumption of raw materials)

PnVnhyn = ProVnohne = @n/(R — Ry) (3.12)
In addition, the equation of state of the raw material has the form
L =}'3m}{1 +f1|:pn _TJHU]} {3|4}

where ppo, Vno, hno are, respectively, the density, speed and thickness of the raw
material layer in the area of action of the scraper, in the initial area & = 0. Since
the raw material and the scraper move together, Vno = Vo = Rew.

A is the experimental constant, p n o iS the pressure exerted by the scraper
on the surface of the raw material. With the same pressure of the raw material and
air, we will take the pressure equal to po. If the consumption of raw materials is
designated by Qn, then the following equation is valid

Pno = QrafhnDUU(R_Rﬂ} {3-15]
Using equation (3.10), we determine the velocity by pressure for the case A <1:
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v = Vpgl[l — A(P — Pro)l (3.16)
From equation (3.9) we find that pressure is expressed in terms of density

Pn = Pno +5 (2=~ 1) (3.17)

For 6=2x the densities of the raw material and air are close to each other.
Therefore, the pressure on the scraper surface can be determined by taking the
equations Pn = Pos Pn = Po B (3.17).

1
Pno = Po + 5 (1 =-2) (3.18)

Let the following linear relationship be known between the properties of raw
cotton and pressure.

Pn = B(h —hg) + po (3.19)
where h = h(6) is the thickness of the material as a function of the polar angle,
which must be determined, B = (pno - po)/(hn - ho), C = (pohn - pnoho)/(h, -
ho), and with equations (3.16) and (3.19) s = R @ , taking into account that in the

dvy d(hpn)
(Re =R/2) (=) u ; o . .
‘ ae a9~ we will write the equation of the variable 0

equations
relative to h (0):
hmtComdh _
hm+C  de
— 1__' - _ - -
Where & = h/hy,m = =32 € = o = hom 2 = mf (R + Ro)/2hy, ho = ho/hy

Po = Po/PnoVs

Equation (3.19) is an equation for the angle # to determine the thickness
h(6@) of the original material, in which case the solution satisfying the condition
h(6)=1 looks like this:

—A (3.20)

6 =3[~ 2(h - 1) (3.21)

Expression (3.21) determines the thickness of the layer h as a function of the
continuity of the angle 6. In Fig. 3.2, the graphs of the dependence of the thickness
of the raw cotton layer on the surface of the mesh on the angle are given for two
values of the parameter A.

Let us take the following numerical values: ho = 0,03 m, R = 0,05m,
Po=10kg/m3,p » = 80kg/ m3, w = 1551, f = 0,2, po = 10.

From the analysis of the graphs it can be noted that the thickness of the layer
of the initial material changes according to a linear law relative to the angle 9, the
same as the pressure (3.13). If & = 0, given the thickness of the original material
ho, its thickness can be calculated at any angle using the graphs in Figure 3.2. Let
us introduce the concept of the bulk compression modulus K = 1/A.

For example, if A = 0,001 Pa %, (K = 1/A = 10®Pa) h =h (= 0,03 m, then
the thickness of the original material on the surface of the scraper is h , = 0,0833
m. The consumption of raw material distributed over the surface of the grid is
Qn = 1250 kg/s. In other words, the volume of raw material decreases, while the
thickness of the layer in front of the scraper and the consumption of raw material
decrease, i.e. h, = 0,066 m and Q=900 kg/ s. Q,=900 kg/s.
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Figure 3.3 shows the angular changes in pressure in the feedstock for two
values of parameter A. The highest pressure value is created when the screen
surface contacts the scraper, and an increase in parameter A (i.e. a decrease in the
bulk compression modulus K) leads to a significant decrease in pressure.

A= 0,001Pa?! hy=0,03m, h,=0,0883m, A = 0,005Pa "* hg = 0,03m,
h,=0,066m,
Qn= 1125 kg/s Qn =900 kg/s

an Bfradian )
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Fig.3.2. Graphs of the dependence of the raw material layer thickness h/ h at
different values of the pole angle 4.
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Fig.3.3. Graphs of pressure dependence on h / h , for different values of parameter
A
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Fig.3.4. Graph of air flow velocity dependence v, from h/h,

Figure 3.4 shows the changes in the speed of the scraper with respect to the
angular 8 when the linear velocity voo = Vo = Rw = 0.75 m/s. The graph of the
change in density with respect to the angle with such a ratio po = 10kg/ m* and p,
= 100 kg/ m3 is shown in Fig. 3.5. Since the surface pressure is linearly related to
the angle, the velocity and density of the initial material on the surface also turned
out to be linearly related.
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Fig.3.5. Graph of raw material density dependence p, fromh / h ,

Thus, in the chosen scheme, i.e. when the pressure changes proportionally to
the layer thickness, the speed of movement of the raw material increases on the
surface of the grid relative to the polar angle and decreases with density.

3.2. Analysis of the change in tension of cotton fibers when removing a layer
from the surface of the net and its effect on seed damage and the formation of
free fibers

The raw cotton is in constant contact with the surface of the net during
movement. Under the influence of external pressure due to friction against the net
surface, especially against the surface of the net holes, some fibers are stretched,
which can lead to their detachment from the seed. To analyze this phenomenon, we
set the value of the friction force in the fiber per unit area, based on Coulomb's law
of friction, assume that the tension is equal to the product of the friction force and
the area of the contact surface of the scraper with the net surface. In this case, the
tensile strength is calculated using the formula:

T = [Skp(0) (3.22)

Here S « contact area, which can be calculated using the following formula. Sy =

(R - Ro) Hg where H ¢ - the width of the scraper contact. Thus, taking into

account the change in pressure on the surface, the formula for calculating the
maximum tension is presented in the following form:

T = fp(2m)(R — Ro)H, (3.23)

For numerical calculation we assume that f = 0.2, h o = 0.03m, R = 0.05 m,

Hy =0.01 m. The results of calculations for different values of parameter A and the

io Po/PnVs are given i
ratio 0/ Fn ™0 gre given in Table 3.1.
Results of calculation of the tension parameter A and the ratio po/pnVvo? for
different values:
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Table 3.1

A = 0,001 Pal (K = 10 % Pa)

Po/Pnvs 05 1 15 2 25 B 35 4 5

T(N) 5,04 518 532 (546 5,6 5,74 588 16,02 6,31

A = 0,005Pa ! (K = 5-102 Pa)

Po/Pnvs 05 1 15 2 25 3 35 W 5

T(N) 10,75 0,84 1093 1,03 1,12 1,22 (1,31 14 1,6

From the analysis of the calculation results given in Table 3.1, it is evident
that the extension increases with increasing external pressure and the raw material
compression modulus (or decreasing the parameter A). Such a change can be more

abrupt as the modulus K increases. For example, when K=10% Pa, the stress at
Po _

Pnvi isequal to T = 5,18 N, and at Po/PnV6 = 5 the stress is T = 6,31 N.
At K = 5.10 2 Pa, these values are equal to T = 0,84 N and T = 1,6 N.
respectively, that is, the voltage increases by 1,22 and 1,9 times, respectively,
when the pressure increases by 5 times, and the voltage increases by 6 times, when
the modulus increases by five times, respectively, an increase of 3,94 times is

observed.
d'
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Fig.3.6. Scheme of particle movement on the surface of the scraper

Let us formulate the equation of motion of a particle on the surface of the
scraper at any time t >0. If the particle is at a distance r at an arbitrary time on the
surface of the scraper, we determine the forces acting on the particle, taking into
account the friction between the surface and the particle. For clarity, let us assume
that the particle's motion along the axis of the vector is positive o ¥. In this
direction we will determine the forces acting on the area:

1. Projection of the particle's gravity force onto the direction of the tangent to the
scraper.

P, = mg sin(wt — 6), (3.24)
where w is the angular velocity of the scraper
2. If r> 0, then according to Zhukovsky's method the Coriolis force of inertia is
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directed
normal to the plane of the drawing and inversely proportional to the particle
velocity, its value can be expressed as:

Py = 2rom (3.25)

3. This force presses the particle against the scraper and creates an additional
friction force. The total friction force on the scraper will be:

F. :—fom[gcos(wt—90)+2r'co] (3.26)

where: fo - coefficient of friction between particles and scraper.

4. On the surface of the mesh, the particle is subject to pressure - Po from the
suction air flow. If we assume that the surface in contact with the surface is S, then
this pressure creates a friction force.

Py=-fP,S (3.27)
f - coefficient of friction between the mesh surface and the particle.
5. In addition to the pressure, using Euler's formula we determine the tension
force T of the fiber on the surface of the holes.

T = Tye 1% (3.28)

where f; is the coefficient of friction between the fiber and the hole surface. o is
the angle of coverage. Ty is the external tensile force. Stress also creates a friction
force.

Pe=-f,T) = —f;Tpe h® (3.29)
Under the action of the indicated forces, equation (3.16) of the particle’s

motion along the scraper is written as follows:
mit — mw*r = —fmg|sin(wt — 0,) + fy cos(wt — 6,)] — 2fyFwm — fP,S —

fETnE'_'rla (33[.}]

According to the accepted condition, when t =0, #>0 (r =r o, r =0, t =0),
the condition must be satisfied. Using equation (3.30), we obtain the following
inequality:

mw?ry — mg(f, cos 8, — Sinby) — fLPyS — f,Toe /2%>0 (3.31)

From this inequality follows the following condition for the angular velocity.
If the condition w? > wy? is satisfied' the particle moves under the action of
gravity in the direction from the center of the grid. Assuming that condition (3.19)
Is satisfied, we present the equation in the following form:
P — w?r + 2fyrw = —g[Sin(wt — 8y) + focos(wt — 8y)] — Py — Py (3.32)

Tﬂe_fﬂa

- PS -
P0=fﬁ;P1—

Where
The general solution of equation (3.32) is as follows

_ kit kot g(1-f* . _ fog cos(wt—8y) | Py
r= (et 4+ Ce +72w2(1+f2)5m( wt —06y) + o2 (1[5 +- (3.33)

m

_ 11 f2 .. )
where K12 = w(Exy1+f5 = fﬂ), C: and C, are constant coefficients determined
from the initial conditions.

Forr=0, r= 0, t = 0 we construct using the following conditions:
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1-£,) . :
C, = . {_;?{K % )[{ zf” (K, sing, —0056'[])}+_ o[(K, cosb +sind,)]- C, =
S0 2 1

(1-fo) ; :
w2(1+f02.gj(Kl-K2} [ > (K, sin8, — Cosﬂg)] + fol(Kq cos 8y + sin6y)] (3.34)

From equation (3.34) one can determine the radius r and the stress using formula
(3.29).
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Fig.3.7. Dependence of the tensile force acting on the fiber on
time (1) w =155 1(2) v =20s
Based on the graph in Fig. 3.7, we can recommend an angular speed of

scrapers w = 15 s 1, at which the tensile force is more stable, which helps to
reduce fiber damage.

3.3. Justification of the parameters of perforated meshes with conical
holes

As noted above, the creation of conical holes in the perforated meshes with a
curved surface allows the scrapers to smoothly remove cotton fluff when they
interact with the perforated meshes. Part of the meshes 1 with holes 2 are shown in
Fig. 3.8.
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P
N
£

Fig.3.8. Grid hole pattern.
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For efficient removal of cotton attached to perforated nets, the holes 1 have a
conical shape with a curved surface. The ratio of the diameters of the base of the
holes 2 is d, = (1,15 + 1,255) di (where d; is the diameter of the small base, d,is the
diameter of the large base of the conical holes).

In order to reduce the amount of free fibers, it is important to study the
process of removing cotton fluff from the separator screens with a scraper. Fig.
3.21 shows the calculation scheme for determining the force and torque on the
separator shaft.

In this case, the following forces act on the cotton located on the net. Fs is
the friction force of the fibers on the surface of the net of holes. G is the weight of
the fibers and seeds in the hole, Fs is the suction force of the air flow on the fibers
in the cross-section of the holes and the friction force of the seeds on the surface of
the nets.

The friction force of the fibers on the surface of the hole is determined from
expression (3.55):

Fro=f-N; (3.35)
where f; - coefficient of friction between the fibers and the surface of the mesh.
The pressure on the surface of the mesh is determined from the expression.

N, =m,g+F F =kv* (3.36)
where is m¢ - mass of fibers located in the mesh opening; g - acceleration of
gravity; V - air velocity in the opening; k - coefficient of aerodynamic force in the

transverse direction.
Substituting (3.36) into (3.35) we obtain

Fiy = T (Mg +kV?)

Fig.3.9. Calculation scheme for determining the force of removal of the fly from
perforated mesh a - existing mesh; b - recommended mesh;
1-net; 2-seed; 3-fibers.
Friction force of fibers when bending around a hole

67



_ f,8
F., =nke>

where n is the number of fibers in the hole;

Fo - tension of fibers in the hole;

f, - coefficient of friction of fibers on the curved surface of the hole; 4 is the angle
of coverage of the curved part of the hole.

Then the total friction force of the fly on the grid

F= (M g+kV?)+nFe® (3.37)

Then the shear force, that is, the force of removing the cotton tufts from the
surface of the mesh, must be greater than the friction force between them and the
surface of the mesh.

|:sh Z Ffr
Fy > (Mg +kV?)+nFe" (3.38)

For the existing option S = 90 ° for the recommended =90 °- « where, a is
the angle of inclination of the hole axis.
In addition, it is necessary to take into account that in a conical inclined hole there
is a smaller number of fibers. As a result, we finally get.

Fy, = f,(am g +kv?)+nF,e"*”) (3.30)

S

where a is a coefficient that takes into account the reduction in the number of
fibers in the conical hole.

Let us assume that the shear force of the cotton particles falling into each
mesh hole will be the same. However, the moment relative to the scraper axis from
this force will be different, depending on the radius of the hole relative to the mesh
axis and the scraper. In this case, the total separation moment is determined from
the expression for the recommended mesh option:

M. = (KiRy + KyR; + -+ KR [ f(am,g + kVZ) + nFyel2#] (3.40)
where, K;, K3,...K p is the number of holes on the same grid radiusR 1. R 2,... R .
The numerical solution of (3.68), (3.72) and (3.73) is performed with the following
initial values of the parameters:
m, =(0,7+0,9)g; F,, =(0,24+0,34)-10° N; F, =(60+150)-10° N;
V, =(10+20)m/s;K =(1,0+2,5); o =(30° +45°); n=(150+200);
F, <(10+15)N; f,=(0,3+0,4); f,=(0,45+0,55); f,=(0,35+0,5);

Based on the solution, graphical dependencies of the change in shear force
on the suction force of fibers in the mesh openings of comparable versions of the
mesh separator were constructed. The moisture content of raw cotton was taken
into account by the values of the friction coefficients. The obtained dependencies
are presented in Figure 3.10. Analysis of the graphs shows that with an increase in
the suction force of fibers, the shear force of fibers along the mesh by scrapers

increases linearly. It should be noted that an increase in F, = 3,0-10 ~2 N , the
tension of fibers from friction against the rim of the opening, leads to an increase
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in Feg = 6,2:10° 2 N in the recommended version and up to (12-15)-1072 in the
existing version of the openings of the meshes of the compared separators.
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0B 16 2AF, I0'N

Fig. 3.10. Graphic dependences of the shear force of a cotton bundle on the change
in the suction force of cotton fibers by air.
1.2 - for the existing option; 3.4 - recommended option, 1.3 - with cotton moisture
content of 10,5%; 2.4 - with cotton moisture content of 9.0%.

The influence of the angle of inclination of the axis and the mesh holes on the
force of removing cotton particles from the mesh surface is important. Analysis of
the graphs in Fig. 3.23 shows that increasing the angle of inclination of the hole
from 50 °to 46 ° leads to a decrease in the force from 14,7-10 N to 4,82-102 N
with a bulk compression modulus of K = 2,5 N/m, and at K = 2,5 N/m the force
value decreases to 2,1-10 2 N at a = 46°. It follows that for guaranteed removal of
raw cotton it is desirable to increase the angle of inclination of the axis of the grate
openings in the direction of the scraper movement. The recommended values of the
angle of inclination of the axis of the grate opening are o = 40° + 48%

Fa
1N
-]

Fig. 3.11. Graphic dependences of the change in the shear force of a fiber bundle
on the surface of the mesh on the change in the angle of inclination of the axis of
the holes.
l-at K=2,5N/m; 2-at K =2,0 N/m; 3-at K = 1,5 N/m

The force of pulling and moving the fibers and cotton seeds stuck in the holes
depends largely on the coefficient of friction of the fibers on the surface of the
mesh holes. It should be noted that an increase in the number of fibers in the holes
increases the friction force. In the recommended conical hole, the number of fibers
in it is significantly less than in the cylindrical hole. This decrease in expressions
(3.72) and (3.73) is taken into account by the coefficient "a". Fig. 3.12 shows the
change in the shear force of the cotton bundle on the surface of the separator mesh
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from a change in the coefficient of friction of the fibers on the surface of the mesh
holes.
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Fig. 3.12. Dependences of the change in the shear force of the bundle on the
surface of the separator mesh on the change in the coefficient of friction of the
fibers on the surface
grids.

1.2 - for the existing version; 3.4 - for the recommended version,
1.3-atVi-20 m/s, 1,3 - at Vs -15 m/s

3.4. Theoretical study of the removal of raw cotton from the surface of the
separator mesh in the presence of an isolating chamber.

Using the suction pressure 4p on the surface of the mesh, let's assume that the
cotton flow is Qo (Fig. 3.5). We will represent the isolating chamber as a sector
abcd moving with an angular velocity o, moving to clean the raw cotton stuck to
the surface of the grid. The back part of the sector is closed, and the raw cotton in
this sector is in a free state. It falls freely due to its own weight and the rotation of
the separator shaft. The size of the isolating chamber is characterized by the angle
a.




Fig. 3.13. Schematic diagram of the arrangement of a sector moving at an angular
velocity along the surface of the mesh to clean it from cotton lobes stuck to it.
raw material.

Under initial conditionst = 0 (a),t > 0 (b),r = (2 7 - «)/ @ (c) and (d) is
the location of the scraper at any time.

Let the total weight of raw cotton that is not located within the sector region
(within the moving sector) on the surface of the network be equal to m ¢

During rotation, the surface sector of the mesh is cleaned and filled with
portions of fresh cotton.

If the edge bd of the sector is located in the direction of the Oy axis, the
time it takes for the sector to pass through the gridist = T = (27 - @)/ @ (c),
then the moving sector abcd occupies the position shown in Figure 3.5.

In this case, the total mass of cotton seeds (including the mass of cotton) on
the net is determined by the following expression:

my = 2 (3.41)

[/}

If the current processes are stationary, then it is assumed that m = mg, and

the angle changes as follows: ? = & — @t.
In this case, the location of the edges ac and bd depends on the change in
angle ¢:
o =0 and ¢ = a
Let us denote the total density of raw cotton ¢ by p. It is subject to excess
pressure. Depending on the change in pressure at any point on the surface of the
net, its volume is determined as follows.

p = po(1 + BAp) (3.42)
where: po - density of raw cotton on the surface of the mesh, 4p=p-po - value of
pressure change, where p=p(p) and po are the current and initial pressure.

We assume that in the absence of cotton on the surface of the sector 4p=0.

Since the pressure and thickness of the seed cotton layer vary depending on
the mesh surface and sector area, its weight also changes.

Let us assume that the mass of raw cotton on the surface of the sector and
the net are equal to m ; and m ,, respectively. Let us determine the mass of the
layer on the above surfaces in d¢ (Fig. 3.8, g):
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dm, = 7(R* = r®)poh(p)dp 0 < p < a (3.43)

dm, = m(R?> —r?)py(1 + BAp)h(p)de a < ¢ <2m—«a (3.44)
where: h (¢) is the sector being determined and the thickness of the raw cotton on
the surface of the mesh.

By integrating equations (3.36) and (3.37), we write the law of change in the
mass of a layer of raw cotton as follows:

m., =my +m,
my; = (R? —1r%)p, fntph(-rp)dfp npu 0 < ¢ < «a,

m, = m(R? —r%)p, [Y(1 + BAp)h(p)d¢] mpua < ¢ <2m—a (3.45)

According to equation (3.23), if the total mass of cotton is mp, we obtain the
following equations using this condition:

Q

Mey = My (@) + my(2m — a) == (3.46)
Taking into account equations (3.27), we obtain the following expressions:

' [r4 Zn-a Q{)
n(R” =)ol | h(oddg+ [ (L4 BaphCp)g) =

Let us express this equation in the following form:

[ h(p)de + B [, Aph(p)dp = ——2—— (3.47)

nw(R?-12)pg

The integral equation (3.41) is used to determine the thickness of the raw
cotton layer on the contact surface.

Let us consider the modeling process at different performance levels of the
grid surface.

Since the above equation is difficult to solve by mathematical methods, we
will consider several cases in which the thickness of the raw cotton layer is taken
based on experiments to solve the equation.

In computer calculations we take the pressure change as follows:

Ap = Apy = p; — Po = const
1. If we assume that the thickness of raw cotton on the surface of the mesh is
ho, then:

— Qo
hn T nw(R%-r2)[2m-a+2BApy(t-a)) {348}

Fig. 3.9 shows the change in the relative central angle a (grad) from the
thickness of raw cotton on the surface of the mesh at different productivity Qo
(kg/hour) and pressures Apo (Pa).

Let's take the following data into account in the calculations: R = 0,5m,
r = 0,045m, B = 0,0001m 2/N, @ = 15s°%.

According to the analysis of the graphs (Fig. 3.14), with the increase of the
central angle value, the sector width increases linearly. There are several options

for the selected angle values.
2. The thickness of the raw cotton layer decreases according to a linear law as

follows:
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h=hy(1— k) (3.49)
where k - proportionality coefficient, k <I1/(2n — a ),
h o - thickness of the raw cotton layer at the beginning of the sector.
Substituting the values of h into (3.28), we calculate the integrals and

determine the relationship between h o and k:
1 2kQyq

mTpgw(RZ=1r2) 1=[1-k(2m—a)|?+BApg{(1-ka)?-[1-k(2m-a)]*} (3'50)

Fig. 3.15 shows the graphs of the dependence of the value of the parameter k
from the angle a of the parameter ho at Q o = 12000 kg/h. According to
calculations, the thickness of the raw cotton layer has virtually no effect on the
change in pressure at height ho, therefore, the calculations were carried out for the
value 4po = 1100 Pa. As shown in the graph, a sharp increase in the thickness of
the cotton layer is observed as the deflection angle k increases, and this value
approaches the value ki= /(2% - o).

ho =

[ — |
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08 - ad T -1
nes — > s —
o 2 h _F___,a-" ']
1 _— — -
| e Y | oes{ _— ] ) -3
an ) ] o - L
— 4 a8 — o 4
or - - p -
aesl o
o [4 i % F] = Ml grad ) o E L B B = Maf grad }
a. OQp= 2000 kg/h b. Qp= 4000 ke/n

B |

0 [ 1] [ F:] = Dafgrad)
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Fig. 3.14. Graphs of cotton thickness dependence on the size of the isolating
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chamber (a), productivity @ o (kg/hour) and pressure change
Apo(Pa):1-A4po=1050,2-po = 1100,3-4p ¢ = 1150,4 - 4po = 1200

The efficiency of the separator mesh surface at Q ¢ = 12000 kg/h depends
on the angle ¢ of the raw cotton layer, and different values of the parameter k are
shown in Fig. 3.11. According to calculations, it was found that the values of the
height h and the angle ¢ of the cotton layer do not depend on the change in
pressure. However, it was found that these values depend on the parameter k.
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Fig. 3.15. Dependence of the thickness of the layer ho on the size of the insulating
chamber a for different parametersk: 1-k = 0,11; 2 - k = 0,12; 3-k = 0,13;
4-k=014;5-k=0,145;6 -k = 0,15; 7 -k = 0,155; 8 - k = 0,158.
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Fig. 3.16. Dependence of the layer thickness h on the angle ¢ for different values
parameter k
1-k=0,10;2-k=0,11;3-k =0,12;4-k =0,13;5-k =0,14; 6 - k =0,15;
7-k =0,155; 8 - k =0,16.

It is evident from Fig. 3.15 that the initial thickness of the cotton h o
decreases asymptotically with increasing angle a, which characterizes the size of
the insulating chamber. The change in hg at a = 15 ° practically does not occur,
therefore this value can be considered recommended.

3.5. Effect of air flow on separator performance

In order to study the movement of the air flow in the separator and determine
its aerodynamic components, we will consider the change in the cross-sectional
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area of the flow (Fig. 3.17) during horizontal movement in the pipe.

Let us assume that the air flow density is constant and that it is one-
dimensional in each zone ABCE and BDEK. In this case, using the Euler equation,
we write the air flow equation in both zones as follows:

!

Fig. 3.17. Air movement diagram in a pipe.

In zone ABDX: (zone 1)
dv, _ d(Sp)

VS, — = . 0<x<l (3.51)
ax oax

In the BDEK zone: (zone-2)
p i' ﬂ — _ﬁ

J.TI
2 . l<x<ly (3.52)

where p1 p, - density in zones; speed in zones - vi, Vo, P1, P2 - pressure in zones; S;
= b(x) L - law of change of pipe height in zone 1 along coordinate x, L - length of
separator.
When integrating equations (3.51) and (3.52), we accept the following conditions:
The air density does not change, the air flow movement is stationary. In this case,
the amount of mass per unit of time does not change, that is,
S, = pvSy =0, (3.33]

where, Qo is the mass flow rate

Based on these assumptions, we will determine the air flow and pressure in
each zone. For clarity, we will express the linear law of change of the x coordinate.
That is,

S,f=f’1'5?r.l-ﬁ?{',.i'.r{. . {354]
where Kk is a constant, b ¢ is the height of the surface in the section at x =0,

k=tga, a is the angle formed by the segment AB with the axis OX: Let us
determine the speed, when p=const in equation (3.52).

1':1'| — Qil — QI'J {3.55}
205, pol(by —kx)
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The pressure is determined by integrating p = po at x = 0 equation (3.45):

- b 1- 0, { b x‘| 3.56
b, —kx i L'b p.p,\ b —kx | (3.50)

I |
Equations (3.54), (3.55) represent the distribution laws in a pipe where the cross-
sectional area of velocity and pressure is variable. In particular, if the cross-
sectional area is constant, we obtain the values
g,
k=0,p= Vv, = 3.57

-]-!Jn .IHIIH - - pl:li.b“ { }

where the pressure and velocity v = v ; inthe section | < x < | 4,

The cross-section of the pipeline is constant and can be expressed as follows:

QI'I
:'_| = 1 Jil = — q..
V2 =%0) oo Lib, =Kkl (3.58)

P

k=—— v, =W T
Where : " and the connection between b
The obtained velocity is valid in the interval | < x < |, of the pipeline. Equation
(3.56) shows the air flow velocity in the second zone, the value of which is times
b,

b greater than the flow velocity in the separator. According to the formula
we determine the pressure (3.42) on the section x = |.

_ _ by _ Qi kl \
P =p:(D) = bo_kl PO [1 L2bZpopo (bu—k])] (3.59]

The calculation scheme assumes that the pressure during the transfer process
at an arbitrary section is positive. This requirement must be met so that the process
IS resolved in a stationary form. If this condition is not met, the flow movement
cannot be considered stationary. This condition occurs because the pressure has a
positive value, so expression (3.44) will take the following form:

1— g2 >0 (3.60)

bo—kl
From this inequality we obtain the condition for the boundary angle
b, I

lga =k <—-

- 3.
[ g +1 (3.61)

}_"
qg=—>= i_' by .
Where  L'&ipopy height |, - length.
Taking into account the pressure, density and air flow rate in the transition section,

2

& = arcty T
it is possible to select the boundary angle Hli+q7) bo satisfying inequality
(3.46). Figure 3.18 shows the graphs of the relationship between the angle a and

: : . b I (L=15xm, b, =05m
the air flow rate Q for different values of the ratio " ( ¥s 70 }and
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Fig. 3.19. Graphs of the dependence of air flow rate on angle.
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Fig. 3.20. Graphs of the dependence of air flow pressure on the x coordinate at
an angle o = 15°, and two values of the initial pressure and different values of air

flow rate Q ( m 3/ sec):
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1-Q=10,2.-Q =11,3.-Q =12,4-Q = 13,5.-Q = 14,6.-Q = 15.
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Fig. 3.21 Graphs of the dependence of air flow pressure on the x coordinate at an
angle a = 35° and two values of the initial pressure and different values of air
flow Q (m 3/ sec):
1-Q=10,2-Q=113-Q=12,4-Q=13,,5-Q=14,6 - Q =15.

Based on the graphs shown in Fig. 3.13-3.16, it is possible to determine the
limiting value of the deflection angle a to ensure a continuous air flow in the pipe.
For example, atbp=0,5m, | =0,5m, Q =10 m3/s, a < 35° should correspond
to the limiting angle for transmitting the air flow at a steady-state pressure of po =
1000 Pa, that is, the value of the angle « should be less than 35 °to ensure steady-
state movement. At the same pressure,
if the flow rate is Q = 10 m®/ s, then « < 40°. That is, the taper of the branch pipe
should be less than 40 °.

3.6. Study of the movement of cotton flakes in the guide chamber of the
separator.

The separator chamber has a non-uniform cross-section. Let us assume that a
particle moving with the air flow in the chamber does not exert a large influence on
it. On a moving particle of mass m under the influence of the air flow, the active
driving force of air F acts (Fig. 3.22).

A

X E: K X
Fig. 3.22. Scheme of cotton fly movement in the separatdr chamber

Let us assume that the modulus of this force is proportional to the square of
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the difference between the particle velocities and the air velocity v ¢ >10 m/ s. In
addition, taking the condition zga = k£ < 1, there will be no transverse motion in
section AB. In this case, the equation of particle motion can be considered in a
two-dimensional plane along the xy axes. In this case, we will express the fly as
point C of the initial section of the pipe, direct the OX axis in the direction of the
air flow, and the OY axis perpendicular to it, and the motion of the fly can be
represented by the following equations:

mi = ey (v = 1) + 37 (v, = %) (3.62)

ny = cyf (v, -%)° + 3" +mg (3.63)

where c is the proportionality coefficient of the air flow force,
Vo - air flow rate, and its expression is expressed by the formulas:

<y 0 ! (3.64
V —_— . [ = .
" "r'pn{hn _"E"'“ = }

where |; is the length of the pipe. We see the following special case, in practice

¥<L(v,=%) the condition is satisfied. Therefore, we write equations (3.62) and
(3.63) in the following form:

¥ =n(v, —%)° (3.66)
J=nlv,—%) +g (3.67)

where n = ¢/m.
Equations (3.57) and (3.58) are nonlinear and require numerical integration.

If the air flow velocity is not high enough, vo <5 m/s, the air resistance force can
be obtained in linear form.

ny = Ili:-n{l"-:'r _*ﬂ {3‘63]
my = C, v +meg (3.69)
The solution of equations (3.45) can be carried out on the basis of initial
conditions.
x=0, V=V, X=V_, =0
where y o is the initial ordinate of the fly, Y«=Vo(!//is the initial velocity of the fly in
the pipe (separator chamber), to determine it, the separator performance can be

used. ¥ =@ Lhyp, Qn - specific productivity per unit time, (kg/s), p1 - raw
material density. Taking into account formula (3.45) in the expression v ¢ is the air
flow velocity. Equation (3.51) takes the following form:

2n, 0, C,
— 2n, = — 3.
2o Lb, = kx) " m (3.70)

Equation (3.70) is nonlinear and can be solved numerically. To transform it
into a linear equation, we set the condition € = (by — b1)/by < 1for the following

Case:‘ =1).

X+2nx=
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(I 1 1
h _I|I1.-.'||- a h" _h| - h
(i} h-. ]. N — (i}
ol ™ x] y (3.73)
X+2nx—2nex/l=2nv,
Ii.':r] ik
e=l-—1v =—-
Where by pLb,
Equation (3.71) is linear, and its general solution is as follows:
+ kit Bl "r
x=Ce" +Ce™ —— (3.72)
&

Under the following boundary conditions x (0)=0 ; x(0) = v , we get the
coefficients

C = Ik, —v,.e C = v,& — Ik,
k, =k, k, -k,

Wherek' =-n(l+J1+5) kb, =-n(l=I+f  p=2ne/nl, n=C,/m.

The motion of a particle along the axis oy (3.69) is determined by
integrating the equation y (0) =y o, y(0) = 0 under the following boundary
conditions. Its general solution is as follows:

S oF
v=Ae " +=4,

2n
The coefficients A; and A, will be equal to:
4, :Lr; 4, =y, _ia
dn- 4n-

And the equation of motion of a particle along the ordinate will take the following
form:

g 2 .E
== (l-e )+ =1+, 3.73
1 4,*1"{ e ) . 3 (3.73)
(3.48) solutions 0 < x < | as obtained for the interval. The equation in the range
Vg =V {”=‘—“_
I<x<ljat pulby —K)  should be written as follows
mi = (v, —x)C, (3.74)

Solving equation (3.74) for values *o)=!. (f)=Vi.\we obtain the
following roots of the equation:

v, = Cke™ +C ke (3.75)
At to we obtain a particular solution £
x=x, =v, —(v, — v, N1 —exp(—2n1)]/ 2n (3.76)
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When studying the movement of the fly in the separator chamber at the angle
of the guide wall of the branch pipe a, collisions with it are minimal. At such an
angle of deviation of the guide, the fly does not experience impact in this zone. The
following parameters were taken as a calculation: L = 1,Am, | = 0,5m, b ¢ = 0,5m
n=0,35po=1,2kg/m3 pi=50kg/m?3, Q,=12000 kg/h.

Fig. 3.23 shows the trajectory of the flyer at two angle values in the first
zone, where the line determines the trajectory of the flyer. From the analysis of the
graphs it is evident that the trajectory of the flyer is a straight line in the direction
of movement, and the speed of the flyer decreases along the angle a of the guide
wall.

Figure 3.24 shows graphs of the change in particle velocity in the separator
chamber over time for two values of a. It is shown that with an increase in the
angle of the guide to the horizon, the velocity of the fly increases, and the location
of the hole can partially reduce the velocity of the fly.
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Fig. 3.23. Trajectory of the raw cotton fly in the first zone for two angle values (1 -
position of the air duct wall, 2 - trajectory of the fly)
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Fig. 3.24. Change in particle velocity over time in the separator chamber
without a guide (line 1) and with a guide (line 2).
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3.7. Justification of cotton separator parameters.

An analysis of the graphs (Fig. 3.25) shows that with an increase in the
coefficient of friction of the fibers on the surface of the mesh holes, the force
required to remove the cotton decreases. At an air speed of 20 m/s for the existing
version of the separator, it reaches 14,65-10 2N, and for the recommended version,
F.adecreases to 8,9-10 2N.

At an air speed of 15 m/s for the recommended version of the separator mesh
it is 7,6-10 2 N. When the separator is operating it is necessary to ensure the lowest
possible torque on the scraper shaft. Calculations were carried out using expression
(3.76) for the recommended version of the mesh. Fig. 3.26 shows a graphical
dependence of the change in torque on the scraper shaft on the total mass of cotton
stuck to the mesh.

F,
N
5,01

60 1 /2

o
02 03 o4 o5 [

Fig. 3.25. Graphic dependences of the change in the shear force of cotton on the
mesh surface of the separator on the change in the coefficient of friction of the
fiber on the mesh
1-for the existing option; 2-for the recommended option

Analysis of the obtained graphs shows that with an increase in the total
weight of cotton on the surface of the mesh from 1,22 kg to 6,0 kg, the torque on
the scraper shaft increases from 0,51 Nm up to 4,29 Nm in the recommended
version of the grid at v = 20 m/s. In the existing version of the grid, the torque on
the scraper shaft reaches 5,24 Nm. It should be noted that the low torque value on
the scraper shaft for the recommended version of the grid is explained by the fact
that the friction force of the fibers on the surface of the grid hole will be less due to
the small number of fibers, as well as the reduction in the projection of the friction
force due to the angle a.
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1.3 - for the existing option; 2.4 - for the recommended option,
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Fig. 3.26. Dependences of the change in torque on the scraper shaft on the total
mass of cotton on the screen.
Fig. 3.27 shows the graphical dependence of the change in moment on the change
in the angle of inclination of the axis of the conical holes of the grid.

M, 4
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1-at mg = 7,0 kg; 1-at mg = 5,0 kg;
Fig.3.27. Variation of the torque on the scraper shaft from a change in the axis tilt
mesh holes.

To justify the angle of inclination of the axis of the conical holes of the
separating mesh, corresponding experiments were carried out for five variants of
meshes with cylindrical and conical holes at an angle a (Fig. 3.20) of inclination of
the axes of the holes: 0°,15°,30°, 45°, 60 °. The experiments were carried out
at three moisture contents of cotton W = 12.5%, 10.5%, 9.5%, respectively.

Based on the results of the experiments, dependencies were obtained (Fig.
3.28) for the change in the amount of free fiber from the change in the angle of
inclination of the cylindrical and conical holes of the separator mesh. Analysis of
the graphs shows that at an inclination angle of the axes of the mesh holes of 45 °
for both cylindrical and conical holes, the amount of free fiber is the smallest. But
with conical holes at a = 45 %and a humidity of 12.5%, there will be less free fiber,
(0.3 - 0.4) 10 2% compared to the serial version of the mesh. At a cotton humidity
of 9.5%, this difference reaches (0.35 - 0.45) 10 2 %.
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Fig.3.28. Amount of free fiber depending on the change in angle
inclination of the holes of the dividing grid.

Therefore, in the recommended variant a = 45° the free fiber is significantly
reduced. It should be noted that in the recommended variant of the mesh with
conical holes with an axis inclination of 45 ° the seed damage is reduced by
(20+30)% compared to the serial variant.

3.8. Analysis of the movement of a cotton particle along the curved surface of
a separator guide

The calculation scheme of a particle with a curved surface, guiding is shown
in Fig. 3.29.

Fig.3.29. Calculation scheme of a guide with a curved surface

The forces acting on a cotton particle are: G - the force of weight, N - the
reaction force, Fy, - air force (blowing flow), Fy, - friction force between the cotton
particle and the surface of the guide. Let us write the basic equation of dynamics in
projections on the Lagrange coordinate axes:

mix = Fycosp — F, + Gsina
my = Gecosa — Fysinff — N (3.77)

When a cotton particle interacts with the surface of the guide, its movement

along the y- axis will be limited, because the cotton particle in this zone will be in
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contact with the surface, i.e. y=0.
Then the second equation of the system takes the following form.
N = Gcosa — Fysinf3 (3.78)
Moreover, given that G = mg ; Fp = kv?,
and, substituting (3.77) into (3.78), we have
mx = mgsina + kv, cosp — f(mgcosa — kviB) (3.79)
where m is the mass of the cotton particle; g is the acceleration of gravity; kv, is
the air velocity; o is the angle between the vector of the weight force and the y-
axis; S is the angle between the vector of the aerodynamic force and the x-axis; f is
the coefficient of friction of the cotton on the surface of the guide.
From (3.79) after integration we obtain an expression for determining the
law of motion of a cotton particle along the x-axis:
1 gf—kvi, (fsin f—cos B)
X= kvi(fsin B—cos B) {|g(5in cE+Fcus a)—kvi (fsin [3—]::05 B}|} (3.80)
In this case, the speed of movement of the cotton particle is determined
taking into account x = Rsinf3

_ |lg(sin a+fcos ) —[gf—kv{ (Fsin B—cos B)|e—R sin B(fsin B—cos B)

V= fsin f—cosp (3.8])

Figure 3.30 shows the graphical dependences of the velocity of the ejection
of a cotton particle when leaving contact with a curved surface on the velocity of
the supplied air. Analysis of the graphs shows that with an increase in air velocity,
the velocity of the ejection of cotton particles increases according to a nonlinear
pattern.

It should be noted that a change in the moisture content of the original cotton
leads to a change not only in the mass of the cotton particles, but also to an
increase in the friction coefficient. The higher the friction coefficient, the lower the
cotton ejection velocity (see Fig. 3.30, a, b, c, curves 1,2,3). The location of the
cotton particles in the initial interaction zone with the guide surface is important. In
this case, the greater the angle a, the greater (see Fig. 3.30, ¢) V «. An increase in
the radius of the separator guide surface also leads to an increase in the cotton
particle ejection velocity. This is explained by the fact that with an increase in R,
the surface approaches the plane, which leads to a decrease in the braking of the
cotton particles (see Fig. 3.31, curves 1,2,3).
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Fig. 3.30. Graphical dependence of the change in the velocity of the ejected cotton
particle upon exiting contact with the surface is directed from the change in the
velocity of the supplied air. 1 -—atf=0,35; 2 —at f=0,30; 3 —at f =0,25.

An increase in the coefficient of friction leads to a decrease in the speed of
the height of the cotton particles (see Fig. 3.32).
Results of comparative production tests of a cotton separator-cleaner.
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Fig.3.31. Graphic dependences of the change in the velocity of the ejection of a
cotton particle when leaving contact with the surface of the direction from the
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change in the radius of curvature of the guide

Based on the substantiated parameters of the separator, a prototype of the
design was designed and manufactured. Comparative production tests of the
separator were conducted.
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Fig.3.32. Regularities of change in the velocity of the ejection of a cotton particle
with curved surface of the guide from the coefficient of friction.

3.9. Finite element modeling of the movement of cotton-air mixture in a cotton
separator

Section 2.2 examines the operation of the SS-15 cotton separator, designed
to separate raw cotton from the air flow transporting it.

One of the shortcomings of the separators currently in use is the increased
crushing of the seeds, which occurs as a result of the impact of the cotton voles,
moving by inertia, on the wall of the separating chamber. In this section, design
measures are proposed to eliminate this shortcoming. They boil down to installing
a guide 3 (Fig. 2.2), which deflects the air flow entering the separating chamber
and, thus, reduces the force of the impact of the raw cotton voles on the wall. In
[105], the position of the visor, which ensures an acceptable level of seed crushing,
is experimentally determined.

For a more detailed study of the aerodynamic processes occurring in the CC-
15A cotton separator, finite element modeling was carried out in the ANSYS
environment. CFX. Since the separator design has a plane of symmetry, half of the
design was used as a geometric model. Fig. 3.33 shows a model of a cavity in
which a mixture of air and raw cotton moves with a finite element mesh applied to
it. The mesh is tetrahedral, the maximum element size is 3 cm. For better flow
resolution in the boundary layer, orthogonal layers of a regular mesh of 10 layers
with a total thickness of 40 mm were created near the walls. In total, the model has
about 600 thousand elements and 140 thousand nodes.

To simulate the perforated wall, 3 (Fig. 3.33.) between the separating and air
chambers holding back the cotton particles, the model included two domains, the
interface between which allowed the pressure difference to be set according to a
given law. In this model, the difference was calculated depending on the average
air velocity through the interface surfaces according to the Darcy-Weisbach
formula for local resistance in the flow [106]
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AP =§2p (3.82)
where AP is the pressure loss due to hydraulic resistance
& — local resistance coefficient (loss coefficient);
p - air density;
v - flow velocity.

1 0

1 [0
: 5]

Fig. 3.33. Geométric model with finite element mesh

In the simulation, the cotton fly particles were represented as balls with a
mass equal to the mass of the fly particle and a diameter that ensured a hovering
speed equal to the hovering speed of the fly.

The mass of the fly was taken to be 0,25 g [29]. In [107] the average value of
the volume of cotton fly is given, which is 5,2 cm 2. This allows us to calculate the
radius of the sphere simulating the fly in this calculation, which is 1.6 cm.

The number of particles in the flow is calculated as follows. The separator
capacity of the machine is 3 - 7 t/h. At maximum capacity, 1,9 kg/s of raw cotton
will pass through the inlet pipe, which corresponds to 9500 volatiles per second.

Based on the calculation results, a comparison was made between two
variants of the cotton separator design: a serial one (Fig. 3.33) and a modernized
one, in the inlet pipe of which a guide was installed, which should ensure the
deviation of the cotton-air mixture towards the vacuum valve (Fig. 3.34). Fig. 3.34
shows the trajectories of cotton volatiles in the volume of the separator’s
separation chamber and in the central section (Fig. 3.35)
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Fig. 3.34. Trajectories of cotton particles (3D picture) in section (a - existing
separator scheme, proposed separator scheme)

| Fluid 1. Fluid 1 Velocity
| Res PT for Fluld 1 Res PT for Flud 1
1.0000+001 1,0000+001

C4 0400

Fig. 3.35. Trajectories of cotton particles in the central section (a - existing
separator scheme, b - proposed separator scheme)

From the figures it is clear that the installation of the guide results in the
deflection of the flow of fly ash downwards towards the vacuum valve.
The air flow lines for the two variants are shown in Fig. 3.36.
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Fig. 3.36. Air flow lines (a - existing separator scheme, b - proposed separator
scheme)

The flow line pattern shows that when a guide is installed in the upper part
of the separation chamber, a vortex is formed, the maintenance of which consumes
a certain amount of flow energy, which can contribute to a decrease in the flow
velocity in the central part of the chamber. This is confirmed by the turbulent
viscosity distribution pattern shown in Fig. 3.37.

Eddy Viscosity Eddy Viscosity

Plane 1 Plane 1

1 3.984¢-002 3.8640-002
2,988e-002 2.9880-002

B 1.992e-002 1.9920-002
o 9.983e-003 - 9.863e-003

- 4.091e-008
[Pas]

4.091e-008
[Pas]

;
s,

/

C

ou,\na ! —omT'
Fig. 3.37. Turbulent viscosity (a - existing separator scheme, b - proposed
separator scheme)

Fig. 3.38 shows the field of air flow velocities in the separating chamber.
Comparison of the figures shows that compression of the flow by the guide leads
to an increase in the air velocity in the separating chamber. However, as can be
seen from Fig. 5, the velocities are directed tangentially to the wall, so an increase
in velocity as a whole should not lead to an increase in the velocity of impact of the
flies with the wall of the separating chamber and crushing of the seeds.
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Fig. 3.38. Air velocity field in the separation chamber (a - existing separator
design, b - proposed separator design)

ANSYS C FX has a software module that allows for computational
experiments to determine the mutual influence of various factors included in the
mathematical model. In this way, it is possible to construct the dependences of the
averaged pressure force of cotton buds on the wall of the separation chamber
calculated within the framework of the developed model. This parameter does not
allow for obtaining the impact force of each bud and assessing the probability of
seed destruction, but it does allow for comparison of various technological modes
and design options.

Fig. 3.39 shows the dependence of the average force of pressure of the
flywheels on the wall of the separation chamber on the velocity of the flywheels at
the inlet for the compared design options.

As can be seen from the graphs provided, the proposed version of the
separator with a flow guide in the separation chamber provides a reduction in the
impact force of the flywheels on the wall of the separation chamber by up to 18%,
which, as experiments show, allows the flywheels to be deflected from a direct
impact with the wall of the separation chamber and the flow velocity to be reduced
due to the formation of a turbulent vortex behind the visor, which intensively
absorbs energy.
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Fig. 3.39. Total force of particle impact on the walls depending on the velocity of
the cotton-air mixture at the inlet
(a - existing separator scheme, b - proposed separator scheme).

3.10. Conclusions on Chapter 3

1. The law of distribution of the velocity and density of raw cotton on the
surface of the perforated mesh of the separator is determined. Graphic dependences
of the change in the thickness of the layer and the density of cotton on the surface
of the mesh on the change in the pole angle and pressure are constructed. Their
values are substantiated.

2. It was found that the change in pressure is proportional to the
thickness of the cotton layer, the speed of which increases on the surface of the
mesh relative to the polar angle and decreases from the density value.

3. The patterns of movement of a part of cotton on the surface of the net
are determined. A formula for calculating the radius of the location of cotton
particles on the surface of the net is obtained.

4. The influence of the law of motion of the separator scraper on the
fixation of cotton bats on the net and on the efficiency of removing raw cotton
from the surface of the nets is determined. The required angular dependence of the
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speed of the scrapers is determined for different parameters of the net.

5. The dependence of the height of the raw cotton layer and the value of
the pole angle on the air pressure in the separating chamber was established. As a
result of theoretical and practical research, a separator with an isolating chamber
was proposed.

6.  Approximate calculation formulas for determining the speed and
pressure of a stationary air flow in a channel with a variable cross-section are
obtained. The condition for the stationarity of the flow speed is determined, at
which the magnitude of the channel expansion angle is practically independent of
the air flow rate.

7. The regularities of cotton fly movement in the separator are
determined taking into account the flow guide. The dependences of the trajectories
and speeds of cotton fly movement on the change in the separator guide angle are
obtained.

8. A formula has been obtained for calculating the force required to shift
a layer of cotton on a separator mesh, taking into account the shape of the holes in
the meshes.

9. Graphic dependencies of the change in the shear force of cotton bats
are constructed taking into account the change in the angle of inclination of the
holes, their coordinates, the coefficient of friction and air speed. The parameters of
the grid and conical holes are substantiated, at which the minimum value of their
shear forces is ensured.

10. A formula for determining the displacement and speed of a cotton
particle on the curved surface of a composite separator guide has been obtained.

11. Based on finite element analysis, the distribution of air flows, the
trajectories of the fly particles and the force of interaction of the fly particle flow
with the wall of the separator separation chamber were determined. The efficiency
of the flow guide installed at the entrance to the separation chamber was
confirmed.
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CHAPTER 4. THEORETICAL JUSTIFICATION OF TECHNOLOGICAL
PARAMETERS OF COTTON CLEANERS

4.1. Small debris cleaners

4.1.1. Influence of the flyer movement mode on the interaction of cotton with
the mesh

In the technology of cleaning raw cotton in a fine debris cleaner using a
multifaceted mesh, it is important to determine the reaction force, which depends
on the angle of interaction and the angular velocity of the drum. Fig. 4.1 shows the
calculation scheme of the cleaning zone. It is known that at the moment of the
cotton fly flying out from the end of the drum peg, it is mainly affected by the
centrifugal force. At the same time, in the free flight zone, the fly is additionally
affected by the forces of air resistance and the force of gravity. Considering that
the gap between the ends of the pegs and the mesh surface is small, and, in the first
approximation, only the centrifugal force was taken into account as the main one,
as well as the variability of the rotation of the peg drum, we have:

Foen =M Ry (@, +sin ozt)2 (4.1)

where, m; - mass of the fly, Rg - radius and amplitude of the variable part of the
angular velocity of the peg drum.

It should be noted that, as noted in the work of G. I. Miroshnichenko [29;
pp. 137-140], the speed of interaction of the fly with the mesh surface is
determined from the expression:

(4.2)
where g is the acceleration of gravity, c; is the drag coefficient, c;~ 0.65.

But the expression does not take into account the centrifugal force acting on
the fly. At the same time, taking into account the centrifugal force according to
[108], we obtain:

(1+k,)cosa

b (4.3)
where, ky, is the coefficient of recovery of the fly on impact, (0,3 — 0,35); a is the
angle of inclination of the fly's flight speed, t; is the time of impulse interaction
(0,015+0,030) s.

The reaction forces, according to Fig. 4.1, are determined from the
expressions for the elastic interaction of the flyer with the grid:
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RF+R; R=F+F; F=F+F; R=F+F gy

r_ r_ r_ r_
or [i=Fcosa; Fy=Fcosa,; F=Fcosa;; F,=Fcosa,;

Fig. 4.1. Calculation scheme of the cotton cleaning zone from small debris

It is known that the linear velocity of cotton flies when interacting with the
net should not exceed 11,5 m/s, at which the damage to seeds and cotton fibers
increases significantly [109; pp. 7-8]. Therefore, it is advisable to accept, taking
into account (4.2) and (4.4)

{(a)av +ysinat)t; }
¢, > arccos

1+Kk, 45)

To ensure condition (4.5) with the initial values of the cleaning zone parameters,
the angle «; is obtained within the limits:

(27 .7
ar—[g -4] (4.6)

4.1.2. Analysis of the interaction of cotton filaments with the multifaceted
mesh surface of the cleaner

During the process of cleaning cotton from small debris, the fly hits the
mesh surface and the impurities are released from it. In this case, the cotton fly
flies off the surface of the splitter under the action of centrifugal force. Given the
relatively small gap between the splitters and the mesh surface, in the first
approximation, the speed at the moment of impact of the fly with the mesh surface
will be determined by:

Vi <o, R (4.7)
where w  is the angular velocity of the peg drum, R  is the radius of the tops of

the drum pegs.
At the same time, as R.Z. Burnashev notes, the loss of speed in the zone of
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the fly reaches 10% [110; pp. 7-8]. According to the calculation scheme, taking
into account the angle of inclination of the cotton fly speed P, the vertical
component of which determines the actual impact impulse, and the horizontal
component determines the speed of the fly movement along the mesh surface of
the cleaner:

\7| =\7'|+\7'|; \7|0 =\7'|0+\7'|0; (4.8)

Where V, =V, cos B; V, =V,sin B; V,, =V,, cos B; V,, =V,, sin f;
by

o
1%

Fig.4.2. Calculation scheme for determining the interaction of the fly with the
mesh surface

In this case, the interaction of the cotton fly with the mesh surface is
considered elastic, therefore the angle of reflection will also be . The
determination of the post-impact velocities of the cotton fly and the mesh surface
was carried out using the Lagrange method [111; pp. 38-40], according to the
calculation scheme in Fig. 4.2. In this case, the generalized coordinates were taken
to be y for the fly and ¢ for the mesh surface.

The kinetic energy of the system will be equal to:

1 . 1ml? .
T =_mgy? +_ = @? (4.7)
The derivatives of kinetic energy will be:
2 _(6_T)_ 5. O _mi o, i(a_T)_m_lZ--.
oy elYs 5i\Gy) T 5, T3 Y %\ee) T 3 ¥
(4.8)

It should be noted that the velocity of the cotton fly at the beginning of the

impact on the mesh surface is equal to Vi , and its projection on the y-axis is

negative, according to (4.6) Vi . At the beginning of the impact, the mesh surface
on the elastic base is at rest, i.e. the initial angular velocity of the mesh is zero. At

the end of the impact, the velocity of the cotton fly along the y-axis will be Vio :
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= r

and the velocity of the mesh after the impact will be Pe.
Based on these considerations, the increments of the partial derivatives (4.8)
of the Kkinetic energy of the system with respect to the generalized velocities are

equal to:
oT . . oT JA? .,
A(5)=maG+3) A(5) =" ¢ (4.9)
According to the -calculation scheme, the generalized impulses are
determined as follows:

p 6A| _Soy
T gm0 YT
_ 0A _ 5116(pc _
Py = iy = 0 Sl (4.10)

It is known [111; pp. 19-20] that the Lagrange equations for impact are
linear equations relative to the velocities of the cotton fly and the net after impact.
For the system under consideration, they are written in the following form:

o. =S (4.11)
In a cotton cleaner for small debris, the impact of the cotton flakes occurs
when it interacts with the surface of the mesh. Its speed determines subsequent
vibrations of the mesh. The relationship between the speeds is achieved through
the coefficient of recovery during impact. This coefficient takes into account the
relative speeds of the interacting elements, in projections on the y-axis. In this
case, we have:
p U+ alh)
—
From equation (4.35) we obtain the dependences of the velocities before and after
the impact.

(4.12)

k=" +¢i1) (4.13)

Then the system of linear equations will be:
(3" + @lt,) = ky
L, omlt =@

VYV =—y
3m 1,

Having solved (4.14), we obtain the velocity of the cotton fly after impact
with the mesh surface
§ = [ km1* =3m I} ]i‘

m I +3m [}

(4.14)

and the angular velocity of the net after impact
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iy 3m I, (k + ])
P = m i +3m i’
Taking into account (4.6), we have the velocity of the flyer along the y axis
(cos ﬁ+(p < 1>mllz—3mllf
Vl’ — Vi

mcl2+3m;l?

) V,cosf; (4.15)

On the x- axis we have: VI =i sm,B

The important thing here is the amount of rebound of the cotton bats after
hitting the mesh surface:

z (4.16)

(cos ﬁ+<pc 1)m 12—3m;l?
[ mel2+3myl? ] tnj
Based on the numerical solution of expressions (4.15) and (4.16), graphical
dependencies of the change in the speed and the magnitude of the rebound of the
cotton fly after impact with the mesh surface are constructed depending on the
parameters of the system. Fig. 4.3 shows graphical dependencies of the change in
the speed of movement of the cotton fly on a multifaceted mesh surface on the

change in the angle of inclination of the flight of the fly in the cleaning zone.
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Fig.4.3. Graphic dependencies of the change in the speed of movement of a cotton
fly on a multifaceted mesh surface on the change in the angle of inclination of the
trajectory of the fly in the cleaning zone.

1.m=025¢g;2.m=059g;3.m=0,85¢.

Analysis of the obtained graphical dependencies shows that an increase in
the angle of flight of the cotton fly from 4,5 °to 31,5 © leads to an increase in the
speed of movement of the cotton fly along the polyhedral mesh surface according
to a nonlinear law. Thus, with an increase in the angle f with a mass of m , = 0,25
g, the speed V | " increases from 1,2 m / s to 3,49 m / s, and with a mass of the
cotton being pulled equal to 0,85 g, the speed increases only to 1,83 m / s.
Therefore, to increase the rapid movement of cotton voles in the cleaning zone, it
IS necessary to loosen the cotton sufficiently so that the mass of the raw cotton
lump being pulled does not exceed (0,5+0,7) g. In this case, the speed of pulling
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the cotton will be within the range of (3,0+3,5) m/s.

Figure 4.4 shows the graphical dependences of the change in the speed of
movement of cotton bats along a multifaceted mesh surface on the change in the
length of the edges and the length of the flight of the bats in the cleaning zone. It is
evident from the calculation scheme (see Figure 4.2) that the speed of movement
of the cotton bat along the mesh surface depends on the length | of the mesh edges
and on the length I ; flight of a fly in the cleaning zone.

Vi A

(m/'s)
3.6

1.0 2.0 3.0 40 11.(10m)

Fig.4.4. Graphic dependences of the change in the speed of movement of cotton
bats on a multifaceted mesh surface on the change in the length of the edges and
the length of the flight of bats in the cleaning zone.
123-V\"=1();456-V,"=1f()1,4-att,=0,25¢9;2,5-att,=0,5¢;
3,6 -att;=0,85g¢;

Analysis of the graphs shows that with increasing | and | ;1 the speed of
advancement of the bats increases according to a nonlinear pattern. In this case, an
increase in the length of the mesh edges to 4,0-10 2 m leads to an increase in V"
to 3,5 m/s at m ;= 0,25 g, and at a cotton lump mass of more than 0,85 g, the
speed of cotton movement along the mesh surface reaches only 0,95-1,2 m/s.
Therefore, to ensure the speed of cotton filament movement along the mesh surface
of up to 3,0-3,5 m/s, the recommended length of the mesh edges is | = (3,2 —
4,5)-10 2 m. From curves 4, 5, 6 in Fig. 4.4 it is evident that the speed of filament
pulling along the multi-faceted mesh surface reaches 3,0+3,5 m/s at a filament
mass of 0,25-0,30 g and at I, = (2,0 — 2,5)-102m.

It is important to study the rebound value h o the flyer after interaction with

the surface of the polyhedral mesh.
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where,1-t,=04s;2-t,=0,2s;3-t,=0,085s;

Fig.4.5. Graphic dependences of the change in the rebound value of a cotton fly on
the change in the angle of its trajectory in the cleaning zone

Figure 4.5 shows the obtained graphical dependencies of the change in the
rebound value of a cotton fly on the change in the angle of inclination of its flight
trajectory in the cleaning zone.

Analysis of the technology of cleaning cotton from small debris shows that
the value of the angle of flight of the fly mainly depends on its mass, as well as on
the angular velocity of the peg drum of the cleaner. An increase in the angle of
flight of cotton flies from 4,4° to 32° leads to a decrease in the value of the fly
rebound on cotton from 1,5:10 * m to 0,46-10 > m at a pulse time of t = 0.4 s,
and at t = 0,08 s the value of the fly rebound decreases from 0,75:10 * m to
0,21-10° m. This is explained by the fact that at smaller values of the angle g the
impact of the fly will be significant, and thus the rebound value will be greater. In
this case, the separation of debris will be more effective. But the speed of pulling
the cotton fly will be significantly reduced. In addition, the damage to the fibers
and seeds of cotton may increase. Therefore, the recommended values are g < 25°
-35%, Fig. 4.6 shows the graphical dependencies of the change in the rebound value
of the cotton fly on the change in the interaction zone on the mesh.

h, s

(1 )
1.5

1,0

.

0.6 1.2 L8 | :.-'f.l M)
Fig.4.6. Graphic dependences of the change in the rebound value of the cotton fly
on the change in the length of the interaction zone with the mesh.
1-m=0,25¢;2-m=059;3-m=0,85¢

An analysis of the graphs in Fig. 4.6 shows that an increase in the flight
speed of the fly when leaving the surface of the peg also leads to an increase in the
flight length, while the rebound value of the fly after impact with the mesh
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polyhedral surface is significantly reduced. It should be noted that with an increase
in the flight length I; the impact interaction of the cotton fly with the polyhedral
mesh surface decreases. With an increase in | ; from 0,2-10 * m to 1,76-10 “*m
the rebound value of a cotton fly from a polyhedral mesh surface along the y-axis
decreases from 1,46-10 *m t0 0,47-10 *m att,= 0,25 g, and at h; = 0,85 g the
rebound value decreases from 0,52:10 2 m to 0,19-10 ® m according to a
nonlinear pattern. In this case, the greater h,, the greater the probability of debris
release and the possibility of cotton fly movement due to the reduction of its
contact with the mesh. Therefore, the recommended values of the flight length
(projection along the x- axis of the polyhedral mesh surface) are I, = (2,0 + 2,5)
10 2m

4.1.3. Determination of the reaction during the interaction of cotton filaments
with the multifaceted mesh surface of a fine debris cleaner

When cotton is pulled by a pin drum over a mesh surface, the force of
interaction between the cotton and the mesh surface is random [112; pp. 152-154].
In this case, the vertical component of the disturbing force is determined from the
expression:

F(t)=F,/(t)-sinf (4.17)
where Fy (t) is the resultant disturbing force, £ is the angle of inclination of the
disturbing force with the horizontal axis (Fig. 4.7).
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Fig. 4.7. a - Diagram of interaction of cotton with mass "t" on the mesh surface of
a cotton cleaner; b - graph of the disturbing force from cotton

Due to the fact that the mesh surface is attached to elastic supports, when
interacting with cotton, its angular vibrations occur.
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Using the d'Alembert principle [111], one can obtain differential equations
for the motion of the cotton being pulled and the mesh surface of the fine debris
cleaner:

my+N—-F(t)=0
I ¢+bLp+cLlp=-NL (4.18)

where N - reaction force;
L - distance between the supports of the mesh surface;
y is the vertical displacement of cotton of mass m;
¢ - angular displacement.
In this case, excluding the reaction force from the system of equations (4.18)
and taking into account small displacements of the mass m vertically:

y=Igp (4.19)

we can write:

(I, +ml*)p+bL'p+cLlo= fF(t) (4.20)

where, | ¢ is the moment of inertia of the mesh surface relative to the left support.
Reducing (4.43) to standard form, we obtain:

b+ 2ngp+ pip=—T ) (4.21)
I, +ml"
3 1L:
2n= — Py = € -
Where I, +ml’ I, +ml’

Fig. 4.8 shows the mass of cotton m and the mesh surface at an arbitrary
moment in time.

Fig. 4.8. Scheme of the working position of the mesh surface
c, b - coefficients of rigidity and viscous friction of the elastic support.
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The solution of the differential equation (4.21) according to the
methodology [113; p. 120] can be represented as:

l i

= —— | sin p,(t — 7)F(t)dt 4.22

P iy 1P 2

Where Pt =VPo =1

Taking into account the relationship between y and f from the first
differential equation of system (4.41), we determine the dynamic reaction:

. d’
N = F,(t)sin B — ml drf’ (4.23)

Taking the time derivatives (4.22) and substituting them into (4.19) we have:

F !j !j] [ 4+4 2. 2 !
N = E,(I}Siﬂﬁ— Ih(r]m 5 + " Po 3 " P -J.f_””_rj Siﬂ[P] (f —T)_y]ﬁa(f)df (424)
o, +ml (I, +ml")p,

0

2np,
y =arclg——
Where, Po
The dynamic reaction reaches its maximum value when the raw cotton fly is
torn off from the mesh surface of the fine debris cleaner. In this case, the disturbing
force F  (t) sin P takes the values = Fo, and the integrand remains positive all the
time. The moment of discontinuity of the function F(t) is determined from the

condition [114; pp. 20-26]:

sin(p.g, +7)=0, p&, +y=kn

ko —
.{’;'k: T ’:V.

at the same time P

Then, by integrating (4.47), we can determine the maximum value of the
dynamic reaction during the interaction of cotton with the mesh surface of the
cleaner:

[ F —-nE & —-nE &
:7[ -:1;1’2 —A[f sin(p,&+y+y, )‘u' [ sin(p,e+y+y,) £_|~+...] (4.25)
0
A= m Folpy + 4L V= arctg&
Where pop, (I, +ml*) ! n

In order to obtain the values of the dynamic response Nmax, the upper limit is
taken to be equal to infinity. In this case, we obtain:

_,{ F f=on MET—F)
N, =—""——Asin(y+y)+2siny, >0 " (4.26)
- I, +ml” =
Z;‘ " = nx
. k=1 Y
into account -/
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Finally, we obtain an expression for calculating the maximum dynamic
response in the form:

_r:[ Ty

—ﬁ—fl sin ¥ cos¥, + cosy sin +25invl
max 10 +mi2 Y e 4 g £ » ;;T,-,— (427}
P,

¥, = arcsin————
i ~ 2
Where VP th
For small values of the coefficient of viscous friction of the elastic support
of the mesh surface of the cleaner, we can write:
. 2n . n
siny=—:  cosy=Il; siny ~l, cosy =—
p['r p[]

Then, expanding / " and / ™ in a series and keeping only the linear terms
of the expansion, from (4.27) we obtain:
_ 2F,p,ml’
T m(l, +mi?)
The dynamic reaction when cotton interacts with the surface of the fine
debris cleaner mesh will be:

(4.28)

max

N = m!‘f}{?[; sin(Z + p,t)+ F,sin p,t (4.29)

(I, +ml”) 2np, 2
During the operation of the cotton cleaner from small debris, about 40-60
flies are concentrated in one row of pins. In this case, F ( changes within the range
of (12,8+20):102 N . The maximum value of the dynamic response with pulsed
disturbance from cotton reaches 30% and more, compared to the harmonic change

F(t) = Fosin wt .

4.1.4. Analysis of small vibrations of a polyhedral mesh under the influence of
technological load from cleaned raw cotton

The recommended technology for cleaning cotton from small debris
includes pulling the cotton bats and raw cotton along a multifaceted mesh surface
with pegs. A special feature of this technology is the small vibrations of the
multifaceted mesh due to the mesh being installed in elastic (rubber) supports. The
calculation scheme for calculating small vibrations of the multifaceted mesh is
shown in Fig. 4.9. According to the calculation scheme, the mesh of the cleaner
was taken as a beam, fixed at one end to the body with a hinge, and the other end
was installed by means of an elastic support. In this case, the generalized
coordinate of the oscillatory system we take the angle of deflection of the mesh ¢..
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Then the Kkinetic energy of the polyhedral mesh of the cotton cleaner from small
debris will be [115; pp. 56-58]:
,.=J,.t;bf =l mi® ., 4.30
== 2( 3 ]w(. (4.30)
where, J . - moment of inertia of the mesh, m; - mass of the polyhedral mesh, | -
length of the mesh, @s - angular velocity of the grid

A lf-:a £
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[

Fig. 4.9. Calculation scheme of the polyhedral mesh of the cleaner
The potential energy of the system will be:
1
1= chgof (4.31)

where c is the coefficient of rigidity of the elastic support, @ - angular movement
of the grid.

In this case, having designated Pem \/;?:’we obtain the law of small
angular oscillations of a polyhedral grid in the form:
¢=A4,sin(p.t+p) (4.32)
where t is the time, g is the initial angular phase of the polyhedral grid installation,
and ¢ is the amplitude of small oscillations of the polyhedral grid.
From expression (4.55) after differentiation we obtain

¢ =4,pcos(pt+p) (4.33)
Taking into account the initial conditions att =0, ¢ =0, ¢= @s

0=A,sin; ¢, =w, cosp (4.34)

In this case, we obtain the law of small oscillations of a polyhedral grid:

A .
Q. = ;sm(p r+ﬁ) (4.35)
A= 1 P = arcrg—sm Pt :
Where  J.+2(1—cospi) 1—cos pt

In the calculations we take the following parameter values F,=1238 H
J, =(1,042+1,5) keme’; ¢ = 1,4 - 10*Hm/pag.
Based on the numerical solution of the problem, graphical dependencies of
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the parameters of the polyhedral mesh on elastic supports are obtained. In this case,
it is important to determine the angular displacements of the polyhedral mesh.
Since at large values of the span Ag, the gap between the pegs and the mesh can
increase, this leads to the fact that the pegs stop moving the cotton, there is a
decrease in the cleaning effect and a decrease in the productivity of the cleaning
section of the unit.

Fig. 4.10 shows the graphical dependences of the change in the amplitude of
oscillations A@ca polyhedral mesh on the circular stiffness of the elastic support.

Aq, 107 rad “
60 4

404

201

0 ‘ “l5 , lj" ‘ l:‘ ¢, 10* Nim/rad
Fig. 4.10. Graphic dependences of the change in the amplitude of oscillations of a
polyhedral mesh on the increase in the torsional rigidity of an elastic support
1- with m; =14,5 kg; 2 - with m, =10 kg

The analysis of the constructed graphs shows that the increase in the circular
stiffness of the elastic support of the polyhedral mesh within the range of (0,25 —
1,45)-10 * Nm/rad leads to a decrease in the magnitude of the mesh oscillation
amplitude Ag. according to a nonlinear pattern from 3,68:10 2 rad to 3,68:10 2
rad with a mesh weight of 14,5 kg. With a weight of 10,0 kg, with an increase in
the circular stiffness of the support, it leads to a decrease in the oscillation
amplitude A¢. from 5,81:10 2 rad to 1,93:10 "2 rad. In order to ensure the
required permissible values of the technological gap between the pegs and the
mesh of no more than (18,0-20,0)-10 3 m, the values of the amplitude Ag.
should be selected within the range of (3,8-5,6)-10 2 rad. The recommended
values of the coefficient of circular stiffness of the elastic support of the polyhedral
mesh are (0,42-1,05)-10* Nm/rad.

It is known that the greater the moment of inertia of a polyhedral mesh, the
more difficult it is to ensure oscillations of the polyhedral mesh with the required
amplitude and frequency. Therefore, it is important to reduce the mass of the mesh.
Figure 4.11 shows the graphical dependences of the change in the oscillation range
A a polyhedral mesh on the increase in the moment of inertia.
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Fig. 4.11. Graphical dependencies of the change in the amplitude of oscillations of
a polyhedral mesh on the increase in the moment of inertia
1-atc=0,5510“*Nm/rad; 2 -atc =1,05-10 * Nm/rad; 3—atc=1,45-10 *
Nm/rad

The analysis of the graphs shows that an increase in the moment of inertia of
the polyhedral mesh from 0,25 kg m 2 to 1,35 kg m % the amplitude of mesh
oscillations A, decreases from 4,72-10 2 rad to 2,94-10 2 rad with a circular
stiffness coefficient of the elastic support of 0,55-10 * Nm/rad. With an increase
in the value of ¢ to 1,45-10 * Nm/rad, the amplitude of angular oscillations A,
the polyhedral mesh decreases from 2,47-10m 2 rad to 1,78-10 -2 rad. To ensure
the required values Ag. = (3,8 = 5,6) 10 2 The recommended values of the moment
of inertia of a polyhedral mesh are (0,21+0,65) kgm?. In this case, the mass of the
polyhedral mesh should be selected to be no more than (7,5+9,5) kg.

4.1.5. Justification of the rigidity of the elastic support of the mesh surface
taking into account the impact of raw cotton during its cleaning

The proposed design of the mesh surface of the fibrous material cleaner is
illustrated by the drawing, where Fig. 4.12. a shows the general diagram of the
mesh surface in the working position, and Fig. 4.12. b shows the section A-A [116;
pp. 31-33].

A-A
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Fig.4.12. Schematic (a and b) and calculated (c) diagrams of the mesh surface on
elastic supports of a cotton cleaner for small debris

During operation, raw cotton is captured by the pins of the drum 8 and
pulled along the mesh surface 1. In this case, the cotton in the contact zone is
subjected to cyclic action by the edges of the holes 4. As a result, the cotton
receives high-frequency vibrations and is shaken. The dirt released in this case falls
out through the holes 4. In this case, due to the large mass of cotton located on the
surface of the mesh 1, some deformations of the elastic bushings 6 occur.
Considering that the mass of the raw cotton being pulled changes over time, the
deformations of the bushings 6 also change. This leads to vibrations of the mesh 1
with a certain frequency and amplitude. In this case, at the beginning of the raw
cotton pulling zone, the vibrations of the mesh 1 will occur with the greatest
amplitude due to the larger diameter (d 1 > d », thickness) of the elastic bushings 6
in this zone, and at the end of the raw cotton pulling zone, the vibration amplitude
of the mesh 1 will be the smallest. The frequency and amplitude of the oscillation
of the mesh 1 depends on the rigidity of the elastic bushings 6, the mass of the
mesh 1 and the change in the mass of the cotton being pulled through. The
oscillations of the mesh 1 significantly intensify the release of impurities, which
leads to an increase in the cleaning effect by 12 - 17%.

The calculation scheme for the oscillations of the mesh surface on elastic
supports of a cotton cleaner for small debris is shown in Fig. 4.16c. According to
this scheme, using the d'Alembert principle [117; pp. 114-118], we will compose a
differential equation for the oscillations of the system:

my + by +(c, +¢, )y = F, sinat (4.36)
where m is the mass of the mesh surface, b is the coefficient of dissipation of
elastic supports, c1, C, are the stiffness coefficients of elastic supports, Fo - the
amplitude of oscillations of changes in technological resistance from the raw
cotton being pulled through, @ - the frequency of changes in technological
resistance.

In this case, the amplitude of forced vibrations of the mesh surface on the

108



elastic supports of the cotton cleaner:
.

“._. = uJII'.'H (4+37}

] 2
m ., 2nw
J{l-—gh( 2
pi] pﬂ

F,

]

Where Yo € 16

It is important to determine the recommended values of the vibration
amplitude of the mesh surface. Since a significant increase in the vibration
amplitude of the mesh surface leads to a decrease in the gap between the ends of
the drum pins and the mesh surface. This can lead to increased damage to the
fibers and cotton seeds, and in some cases, to the slaughter of cotton [118; pp. 256-
260].

Figure 4.13 shows the graphical dependencies of the change in the amplitude
of forced oscillations of the mesh surface on elastic supports in the steady-state
mode on the change in the amplitude of the external technological load from raw
cotton at different values of the mesh surface mass. They show that an increase in
the amplitude of the disturbing force from 0,210 2 N to 0,71:10 2 N leads to an
increase in the amplitude of oscillations of the mesh surface of the cleaner in the
steady-state mode from 0,4:10°3 m to 2,93:10 * m at m = 13 kg, and at a mesh
surface mass of 15 kg, yo accordingly increases according to a linear pattern from
0,18:10 *m t0 0,94-10 3 m.

Y
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Fig.4.13. Dependences of the change in the amplitude of oscillations of the mesh
surface on elastic supports on the change in the amplitude of the technological
load. 1-for m=12 kg; 2-for m=12,5 kg; 3-for m=13 kg; 4-for m=13,5 kg; 5-at
m=14,4 kg; 6-at m=14,8,2 kg; 7-at m=15,1 kg

To ensure the required gap between the ends of the pegs and the mesh
surface of 0,014-0,016 m, the recommended parameter values are: m = 13,5,0-
14,4 kg; yo= (1,1-2,4)-10 2m; Fo = (0,45-0,60)-10 2 N.
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4.2. Theoretical research on the substantiation of the parameters of the large
debris cleaner

4.2.1. Effect of the rotation frequency of the saw drum on the deviation value
of the captured cotton fly

In cotton cleaners for large debris, it is usually assumed in studies that the
saw drum rotates with a constant angular velocity [29]. But in reality, the angular
velocity of the saw drum is variable [83, 119], especially with a lightweight
version of the saw drum [120]. Variability in the rotation of the saw drum occurs
due to errors in the installation of the pulleys and debris getting into the grooves of
the pulleys. Let us consider the effect of the variable speed of the saw cylinder on
the movement of the flyers in the cleaning zone. The angular velocity of the saw
drum can be determined according to [121]:

@, = @, + @-sinkt (4.38)

where g IS the average angular velocity of the saw drum in the steady state of
cotton cleaning; w; is the amplitude of the angular velocity oscillations, t - time.

Figure 4.14 shows the interaction diagram of a serrated drum tooth with a
single fly in a raw cotton cleaner. According to the calculation diagram, the fly
participates in the transfer movement together with the serrated drum and relative
to the center of oscillation (at the point where the drum teeth capture the strand of
raw cotton fly).

The angle formed between OM and OB is designated by ¢ , and the angle
between the radius of the drum and the flyer strand MN by 3 .

According to the works [122, 123, 124, 125], when analyzing the relative
oscillation of the flyer, it is necessary to take into account the translational and
Coriolis forces of inertia of the flyer.

The transfer force of inertia is directed along the straight line OB and is
determined by
where:

R =mle’ (4.39)
__ R+ly+cosf
Where =~ csco
t; - mass of the fly, | - distance from the center of rotation of the serrated drum to
the center of mass of the fly seed, I; - the length of a strand of cotton wool.
The Coriolis force of inertia is directed along the straight line NM, and the
moment of this force relative to the rolling point N is zero. Therefore, we discard

this force [126].
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The fly is affected by the force of inertia, the force of weight, and the force
of resistance.

2m

.
L 4

» P

0

Fig. 4.14 Calculation scheme (a) and graph of the angular velocity of the saw drum
(b).

In this case, the air resistance force is determined [140] from:

2
S, =F,-6-21,
2 (4.40)
where F  is the midsection; p is the air density; v is the transport speed of the
flyer; 0,is the drag coefficient.
From ADON and A OBM we have:

. DN h h
sSInp=——=—=—
ON R |

OB =0ON + NB =R+, cos f3; (4.41)
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[ =MD+ DO =/l —h* + Rcosg,
h (4.42)
R+1 cosf

The equation of moments of forces relative to point N, taking into account (4.41),
(4.42) and (4.40), has the form:

g =

md; B +m, (@, + e sin K1) -[\//:3 + R sin” @+ Rcos@ |

2
><Rsingo+m|ghl+\/I2+R2cosz(p-FIHI-%Ilzo (4.43)

During the operation of the fly cleaner, in the period between impacts on
adjacent grates, it makes small oscillations and, due to the smallness of the angle f,

it can be written:

h
p=-" (4.44)
l,

In addition, to simplify the problem, we do not take into account the last
term in (4.43) due to its smallness. Then, taking into account (4.44), (4.43) will be

rewritten as:

d’h, Rh _ 5
—a+ T‘{a;-” + o, sink 1) +f —h =0 (4.45)
According to the methodology given in the work [127], we reduce the

differential equation (4.19) to the standard form of the Mathieu equation:
d*h

F + (a + 2gcos 21') =0 (4.46)
Where,
Rw’ K.t
oS
14k Y
20,0,R
qu"[lT%‘ (4.47)

where Ky - grate rigidity; R - radius of the saw-tooth drum; w; - frequency of
change of technological resistance; mo - average angular velocity of the saw-tooth
drum; | ; - length of the strand of cotton fly;

The solution of equation (4.47) is oscillatory in nature and depends crucially
on the values of the parameters a and g. In this case, if the amplitude of the
oscillations remains limited, the system will be stable; otherwise, resonance occurs
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and the system is unstable. For practical purposes, the boundaries between the
regions of stable and unstable solutions are of greatest importance. This issue has
been sufficiently studied in [127] and is presented in the form of the Ince-Strutt
diagram. According to this diagram, specific parameters of the serrated drum and
the frequency of change of its angular velocity can be recommended, at which the
process of cleaning raw cotton from large debris will proceed favorably due to
intensive shaking of the captured fluff.

Numerical calculations were carried out at the following parameter values:
wo = 31,4 rad/ s; 1 = 2,5 rad/ s; R = 0,16m; |; = 0,02m; B, = 8% Kk = 45;
m;=0,2-103kg.

Moreover, according to the Ince-Strutt diagram [128, 129], the intersection
points of the coordinates of the values of the coefficients, a = 0,21 and g = 0,34,
are in the unshaded zone, that is, the oscillatory motion of the fly is in the stable
zone.

Changing the values of the system parameters may lead to unstable motion
modes. Therefore, the following values of the parameters are recommended:
wo=31-35rad/s; ®;=2,0-2,6rad/s; R=0,15-0,17m; | ;— 0,02 — 0,022 m; Kg
-35 - 45, according to the calculations for whicha =0,24 -0,83; q=0,3i - 0,46.

If the saw-tooth drum of the cleaner rotates with a constant angular velocity,
then expression (4.19) can be rewritten as follows:

2 2
d ?‘ +(m R+g)h. =0 (4.48)
dt LI
In this case, the natural frequency of the flyer oscillations will be equal to

Ro’ +
fu= 758
|

The solution of the differential equation (4.22) can be represented in the form [76]:

h=cssinf t+c,cosf t (4.49)
or

h =dsin(f,t—a).

The integration constants are determined from the initial conditions:
t=0;v=vp hy=hyp C = i, Cy=hio

2
2V h
d=_|h, + fl; a = arctg =%
\ v
o O 4]

Then the solution will be:
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v,

hy =h ,cosf t+—"sin f,t (4.50)
or, taking into account (4.48)
h =h cosf t+ vyl sin f_t 4.51
11— "o oS oa ij + g J on ( " }

Analysis (4.50) shows that at the initial moment, when t = 0, the value of h ;
= h 10 and, according to the data of E.F. Budin [83], the angle of deviation of the
strand of fibers of the fly from the radius of the saw-tooth drum is 60 °- 62 ©.
Taking into account the length of the strand of the fly of 0.022 m, h ;o will be equal
t0 0.019 m.

Let us use the method proposed by H. Tursunov [125]. At a rotation
frequency of the saw drum of 300 rad/ s, ® = 31.4 rad/ s, and the location of
adjacent grates forms an angle of 0.17 rad with the axis of rotation of the drum.
Then the fly between adjacent grates is in accordance with the proportion of 0,009
S. In this case, sinf,t=1.0,h1~0.019 m.

4.2.2. Oscillations of a grate on an elastic foundation with nonlinear
rigidity

In order to reduce damage to cotton fibers and raw cotton seeds, it is
advisable to reduce the frequency of interaction of working parts with cotton
during the primary processing of cotton.

It is important to increase the efficiency of interaction of cotton with
working bodies by improving their design. We recommend a new design of the
grate of the cotton cleaner from large debris [130,131,132] with composite grates
on elastic supports.

In this case, the recommended grate design significantly reduces the friction
resistance of raw cotton against the side surfaces. In addition, the elastic bushings 4
are installed eccentrically in the sidewalls 3 of the grate. In this case, the elasticity
of the supports will actually be nonlinear. According to the well-known technique
[99], the elastic element can have nonlinear rigidity (see Fig. 4.15 b). Fig. 4.15 a
shows a diagram of the installation of composite grates 1 on elastic supports 2 in
sidewalls 3. In this case, the elastic bushings 2 are made eccentric and have a
variable thickness during their installation. From the experimental data obtained, it
can be noted that the grates on elastic supports perform mainly vertical oscillations
[133]. In this case, the load distribution will be more uniform, both in the middle
and in the extreme zones of the grates, which is confirmed by the results of the
experiments given in [102, 103].
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a-composite grates of sectional design  b-calculated scheme of oscillations of a
(large diameter) composite grate
1-composite grates, 2- rubber bushing with variable thickness, 3- body (side,
segment) of the grate
Fig.4.15. Scheme of composite grate on elastic supports and calculation scheme

When choosing the calculation scheme, taking into account the above, in the
first approximation we considered only the vertical oscillations of the grate, which
directly affect the cleaning effect of cotton, and assumed a conventional single-
mass oscillatory system. It should be noted that during operation the position of the
eccentricity can change (there are slight circular movements). Therefore, the value
of the eccentricity ex composite grates 1 does not exceed (2,0-3,0)-103 m,
according to the work of A. Dzhuraev [89]. According to the calculation scheme
(Fig. 4.15 b), we will compose an equation describing the oscillation of the grate.
During the cotton cleaning process, the grate is acted upon by the inertial force, the
restoring force of the elastic support and the random disturbing force from the raw
cotton. It should be noted that in the existing design, the mathematical expectation
of the load on the metal grate is 12,5 N, and the random component is within the
range of (0,8-1,1) N [134].

F,=(F)+4(F) (4.51)

where (Fy); 0 (Fb) is the mathematical expectation or average value of resistance
from the cleaned cotton and the random component of resistance.

Considering that the rubber support is eccentric and its rigidity is nonlinear,
the restoring force takes the form:

P=cx +2%° (4.52)
7]

where c;, c; are the values of the stiffness coefficients of the rubber support and
the composite grate;

X1 - movement of the grate in the vertical direction.

It should be noted that the technological load from the cotton fly is
insufficient to ensure the oscillations of the metal rod grate. When using composite
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grates, their mass is reduced by 4-5 times. In this case, the grates perform forced
oscillations. It is known that taking into account the dissipation of the rubber grate
supports leads to a decrease in their oscillation amplitude due to energy absorption.
Without taking into account dissipation, it is possible to estimate the maximum
values of the grate oscillation amplitude.

Without taking into account the absorption of energy in the rubber bushings,
the oscillations of the grate are described by the following differential equation:

m.ir'+c.‘]x+%.x3 =F (4.53)

where m is the reduced mass of the composite grate; x is the constant nonlinearity
coefficient; F is the disturbing force from the raw cotton being cleaned.

It can be noted that the solution to problem (4.53) can be used to justify the
necessary parameters of the system, which ensure an increase in the cleaning effect
of raw cotton cleaners from large debris.

In the process of cleaning raw cotton from large debris, the cleaning effect
due to the oscillations of the composite grate on rubber supports is specific. After
the impact of cotton flies on the composite grate, the latter performs free
oscillations for a short period of time. During repeated interaction of cotton flies
with the grate, the influence of the frequency and amplitude of natural oscillations
of the composite grate is important. Therefore, we further considered the nature of
free oscillations of the composite grate on eccentric rubber supports.

4.2.3. Study of the influence of the parameters of a composite grate on elastic
supports with nonlinear rigidity on the oscillation frequency

When raw cotton is pulsed onto lightweight composite grates, the elastic
supports are instantly deformed. It is important to determine the oscillation
frequency of composite grates, which affects the cleaning effect.

In this case, let us assume [135] that when determining the values of the
deformations of the composite grate supports, the kinetic energy of the raw cotton
being dragged along with the grate during the impact with the cleaner grate is
converted into the potential energy of the deformable rubber support:

T mvy e
=—0 IT = X+ —=x
5 i[w ﬂf}!r (4.54)

where T is the kinetic energy of raw cotton and the composite grate; m is the total
mass of the composite grate and raw cotton; V y is the rate of interaction of raw
cotton with the grate during the cleaning process from coarse particles.

litter; c; — linear component of the stiffness coefficient of the elastic support of
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the composite grate; ¢ is the nonlinear component of the stiffness coefficient; /7 is
the potential energy of the deformable elastic support of the composite grate;

Taking into account the accepted interaction condition, the speed can be
determined:

2 4] . ‘ ) o C'E s
v, =\/;E[cl)1d,\.+;[;.‘c dx (4.55)

where, a is the maximum value of deformation of the rubber support of the
composite grate.

According to the results of studies [136, 137], with nonlinear rigidity of the
elastic element of a single-mass oscillatory system of a composite grate under
conditions from x=0 until x=a the period of oscillation will be

I [ dé
r=4%. = 4.56
o an 1 I[ 1_5:3” ( ]

n=12..,.6=x/a

where a and n are constants,

2n-1

»with the restoring force equal to

The period of oscillation of a composite grate on an elastic support with nonlinear
rigidity is determined from the expression:

de dé
1

1 = 1
SN/ I T
! m[ c.J.J—T;‘:E+ cza‘{ﬁl 0

where p is a coefficient taking into account the nonlinearity of the elastic
characteristics of the rubber support of the composite grate.
Using tables of special functions, according to works [86, 90, 138], we have

(4.58)
i 6.2 |1 4 18541 J (4.58)
oan [ ez

In this case, the frequency of free oscillations of the grate, taking into account
p =2x/t.

o OSefac |
" ImQraye, | p+185c, (4.59)

According to (4.59), the natural frequency of oscillations decreases
nonlinearly with the increase in the reduced mass of the composite grate with
cotton.

It should be noted that, with an increase in the amplitude of oscillations and
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the stiffness coefficients ¢; and c,, the frequency of natural oscillations changes
according to a nonlinear relationship.
In numerical calculations, the following initial parameters were adopted:

m=0,8-14ke;c, =15 10°H/ a c,=08-10"H/ m;

1=0,5-10m"; a=(L0-12)-10" .

Fig. 4.16 shows the graphical dependences of the relative value of the
natural frequency of oscillations of the composite grate on its reduced mass.
Analysis of the graphs shows that the relative value of the natural frequency
decreases according to a nonlinear pattern with an increase in the reduced mass of
the grate. The magnitude of the amplitude (deformation of the elastic support) does
not actually affect this pattern, that is, an increase in the amplitude leads to a
parallel upward displacement of the curve of the pattern with a difference of p «/ p
n= 0,25 — 0,05 (with an increase in a from 0,8:10 *m to 1,2:10 ¥ m).

P/ ol
2,0 4

1,0 4

my Ke

0 08 16 2,4 3.2
1-for a=0,8-10 3 m; 2-for a=1,0-10 *m; 3-fora=1,2-10 3 m
Fig.4.16. Graphic dependences of the change in the relative value of the
natural frequency of oscillations of a composite grate on the increase in its reduced
mass

Fig. 4.17 shows graphs of the change in the relative value of the oscillation
period of the grate on an elastic support with a nonlinear characteristic from the
change in the amplitude of natural oscillations. Thus, with an amplitude value of
0,5 - 103 m oscillation period t /t , = 1,9, at m¢ = 1,8 kg, and with a = 1,75-10 3
m and my = 1,2 kg, the oscillation period tx /t, = 1,49. This means that the
amplitude of the grate oscillations has little effect on the period and frequency of
oscillations. In this case, the mass of the composite grate includes the average mass
of cotton (flyers) located on the surface of the grate on average.
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Fig.4.17. Graphic dependences of the change in the relative value of the oscillation
period of the composite grate on the change in the maximum amplitude.

It should be noted that the amplitude of natural oscillations itself depends on
the magnitude of deformations of the elastic support, i.e. on its rigidity
characteristic. Fig. 4.7 shows the graphical dependencies of the change in the
relative value of the natural frequency of oscillations (the ratio of the current value
of the natural frequency to the calculated one) on the change in the stiffness
coefficients of the elastic support. It is evident from the graphs that an increase in
the rigidity of the elastic support leads to an increase in the natural frequency of the
system according to a nonlinear pattern. The nonlinearity of the elastic support
depends on the location of the eccentric rubber bushing through which the
composite grates are installed in the body of the cotton cleaner from large debris.

When calculating the stiffness coefficient ¢; and c, are given for rubber
bushings per grate. With a stiffness coefficient of ¢ ; = 1.3 -10 * N/m increase in
stiffness coefficient ¢; to 0.6-10 * N/m up to 2.1 10 # N/m, the relative frequency
value increases almost twice from py /p, = 1.12 to 2.21. With a decrease in the
value ¢, to 0.8 10 # N/m the intensity of the increase in the natural frequency of the
grate oscillations decreases (see Fig. 4.18 curve 2).

P! P,

/ “

0 06 0 12 18 24

Fig.4.18. Graphic dependences of the change in the relative values of the
natural frequency of oscillations of the composite grate on the change in the
stiffness coefficients of the elastic support with a nonlinear characteristic
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1-atc,=0,8104N/m;2-atc,=1,0104N/m; 3-atc,=1.410*N/m; 4-atc
»=1.210 * N/m;

At a constant value of c, with an increase of c; from 0,6-10* N/m up to
2,1-10* N/m leads to an increase in px /p, from 0,55 to 1,15, also by a factor of two.
This means that to increase the values of the natural frequency of oscillations of
the composite grate, it is advisable to increase the rigidity of the elastic support
(reduce the thickness of the rubber bushing).

Taking into account the limits of changes in the disturbing force on the grate
from the side of the raw cotton being pulled through, the natural frequency should
change within insignificant limits. Therefore, it is advisable for the oscillatory
system under consideration ¢; = (1,2-1,4)-10 4 N/m, ¢, = (0,80- 1,0)-10 * N/m, at
m=1,1-1,3 kg.

4.3. Determination of natural frequencies and modes of free vibrations of the
grate.

The grate is a system with distributed parameters. Therefore, the results
obtained in the previous sections for the single-mass model are a rather rough
approximation. For a more accurate determination of the entire spectrum of natural
oscillation frequencies of the grate, modeling was carried out in the ANSYS
system Mechanical APDL using the Modal analysis type.

Previously constructed in the ANSYS environment. The grate consists of
five identical sections. Therefore, one section shown in Fig. 1 is used for the
analysis. It is a frame consisting of sidewalls 1 and longitudinal steel bars of
circular cross-section 2. Intermediate supports 3 are attached to the bars. The frame
serves as a support for five grates 4, which are rods of circular cross-section made
of composite material.
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Fig. 4.19. Geometric model of the grate

The grates are attached to the frame through elastic rubber bushings 5,
shown in the enlarged fragment of the geometric model (Fig. 20).

A ANSYS
. A
T L~ p >

Fig. 4.20. Fastening the grate bars to the frame

The frame was secured along the sides, which were prohibited from moving
along the three coordinates. The grate bars were secured along the end surfaces,
and movement along the Z axis was prohibited on them. This fastening scheme
corresponds to the real fastening of the grate.

An elastic isotropic material model was used for all structural elements. For
the frame material, the elastic modulus E=2-10 ! Pa, Poisson's ratio 0,3, density
7800 kg/m 3. For the grate material, the elastic modulus E=1,4-10 ° Pa, Poisson's
ratio 0,4, density 900 kg/m 3, and for the rubber bushings, the elastic modulus
E=10 °Pa, Poisson's ratio 0,4, density 1000 kg/m?.

SOLID 185 element was used as a finite element for all volumes. The model
was divided into tetrahedral finite elements with a side of 1 cm. A fragment of the
model with a finite element mesh applied to it is shown in Fig. 4.21.

121



ANSYS

o B0 g

Fig.4.21. Fragment of finite element mesh
In the Modal module settings, a search for 12 natural frequencies of the
system in the range from 0 to 50 Hz is assigned. The calculation results are shown
in Fig. 4.22.
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Fig.4.22. Results of calculation of 12 natural frequencies of the grate

The first column gives the harmonic number, and the second column gives
the corresponding frequency. As follows from the calculation results, all
frequencies are located in a fairly narrow range of 2,579 to 2,692 Hz. Fig. 4.23
shows the vibration modes for the corresponding frequencies. The image in Fig.
4.24 helps to understand why the frequencies are located so close to each other.
The grate consists of five identical grates divided into 4 identical spans. Each of
the frequencies determined as a result of the calculation is the first vibration mode
for the corresponding span in the horizontal or vertical plane. Theoretically, these
frequencies should coincide; the existing small discrepancy is due to the features of
fastening the middle and outer spans, as well as the difference in the flexibility of
the sidewalls and intermediate supports in the case of applying a load in the middle
or outer openings.

As will be shown below, during operation the grate performs forced
vibrations caused by random impacts from the cotton being processed.
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4.4. Analysis of grate oscillations on elastic supports with nonlinear stiffness
and with random resistance from raw cotton

In a cotton cleaner, the captured fly spools are pulled through the grate
bars by a saw-tooth drum to remove large debris. In this case, each grate bar is
cyclically exposed to interaction with the fly spools of raw cotton. That is, the
loads from the fly spools are the disturbing force of forced vibrations of
lightweight composite grate bars on elastic supports with nonlinear rigidity. In fact,
this force is a random function [138]. The studies conducted in [139] showed that
the resistance of the interaction of raw cotton on grate bars with an elastic support
depends mainly on the productivity (angular velocity of the saw-tooth drum) of the
cotton cleaner. Usually, the characteristics of the random resistance function are
determined experimentally, and the mathematical expectation, correlation function
and spectral density are determined based on correlation analysis. The obtained
data are taken into account in the form of approximate mathematical models.

It should be noted that composite grates actually perform complex
oscillations. Therefore, expression (4.53) will only approximately describe the data
of a composite grate. That is, they do not take into account random resistance. The
grates will actually perform vertical oscillations. Taking into account the random
function of the disturbing force from raw cotton, the nonlinearity of the restoring
force of the elastic support, its dissipative characteristics, taking into account the
work [140], we can write the equation of the oscillatory motion of the grate in the
form:

d*x dx C, _ -
M o t HE kX ;.\ = M(F )xo(F,) (4.60)
where b is the coefficient of internal resistance of the elastic support of the grate.

Solving (4.60) by analytical methods presents a certain difficulty. The
solution can be carried out by approximate methods. To conduct a machine
experiment, the solution of the problem is carried out by a numerical method on a
PC using standard programs. In this case, the following calculated values of the
parameters were taken into account:
m =0,8-1,0 N-s? / m’ ¢1 = (0,8-1,0) 10 * N /m; c=(1,2-1,4)-10 * N /m; b = 50 - 60
Ns /m; u = 1,0 m?;
M (Fp) £0 (Fp) = 19,67 + 0,98sin(t + 55°12") + 7,83sin(2t +112°14") +1,8 sin(3t
+103°23") + 3,37sin(4t + 4°39'") + 6,96sin(5t + 93 °24') + 2.7 sin 6t.

The last formula was obtained as a result of processing experimental
oscillograms using the harmonic analysis method.

To determine the best dynamic parameters of composite grates on elastic
supports with nonlinear rigidity, taking into account the randomness of
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technological disturbance from clapping, the following variations of parameters
were carried out.

a) We vary the mass of the lightweight composite grate within the range
of m = 0,8-1,5 Ns?/m. Reducing the mass of the grate allows us to reduce metal
consumption and also ensure the required parameters of grate vibrations.

b) Rigidity coefficients of elastic supports. As noted above, the dependence
of deformation on the load of an elastic support (rubber bushing) is nonlinear, i.e.
with increasing load, the intensity of the increase in deformation decreases. In this
case, the rigidity coefficients (changed by changing the thickness of the rubber
bushings) varied within the range of ¢; = (0,8-1,0)-10 * N/m and ¢, = (1,2-1,4)-10*
N/m. In this case, the nonlinearity coefficient of the rigidity characteristic is
assumed to be constant.

c) The coefficient of dissipation of the elastic support of the composite

grate. For each type (brand) of rubber, the coefficient of internal friction has
different values. The coefficient of dissipation of the elastic support characterizes
the rate of attenuation of natural oscillations of a composite grate.
Considering that the natural frequency of the grate oscillations changes depending
on the amplitude of the oscillations, it is advisable to quickly damp the natural
oscillations. For the rubber grades used, NO-68, taking into account their operating
conditions (low-frequency mode) [141], the variation of the dissipation coefficient
was accepted within the range of b=50-60 N s/m.

d) Disturbing force - technological load on the composite grate from raw
cotton. This force mainly depends on the machine productivity. With the
productivity of the cotton cleaner UXK P, = 6,0 t/h, the technological load on the
grate will be M (Fpy =19,7-0,9 N.

The accounting of the technological load from cotton on lightweight
composite grates is due to the fact that its value during the cleaning process has a
random character, which actually forms the oscillation of the composite grate. The
character and magnitude of the technological resistance force were determined
experimentally by the strain gauge method (Fig. 4.25).

of disturbance from the clap on the grate and its possible variations in both
frequency and amplitude were determined.

To study forced oscillations of composite grates on elastic supports with
nonlinear characteristics, an algorithm for implementation on a PC was developed.
It included taking into account the force of a random technological load from
cotton using a random number generator [142] with a frequency of 2 Hz and an
amplitude of 18 N, which correspond to the experimental result obtained in
Chapter 5. As a result of implementing the mathematical model of the oscillatory
system of the grate of a cotton cleaner from large debris on a PC with variations in
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parameters, graphical dependencies were obtained.

Fig. 4.8 shows a fragment of displacement, velocity and acceleration
composite grate on an elastic support with nonlinear restoring force at m = 1,0 kg,
cx =0,8-10*N/m, ¢, =1,2-10 * N/m, M (F,) = 10,5 N, 6F, = (0,7 + 1,0) N. It
should be noted that the grate oscillation frequency is 1,5-2,5 Hz. The high-
requency component of the grate oscillations is 14,7-17,8 Hz.

The low-frequency component of forced oscillations corresponds to the
rotation frequency of the saw-tooth drum of the UXK unit, and the high-frequency
component corresponds to the technological load, taking into account the number
of grates in the section. From Fig. 4.8 it is evident that during forced oscillations
the grate deviates on average by the value Xay = (1,4-1,6)-10 2 m, and the
amplitude of oscillations at the calculated values of the parameters is AX = (1,8 -
2,1)-10° m. For metal grates on elastic supports, according to work [143], the
amplitude of oscillations is AX = (1,5 — 1,8)-10 ° m. Comparison of the results
shows that in the proposed design of the composite grate, the amplitude of
oscillations increases by 10-15% due to the lightweight design of the grate. The
values of X and X change in a similar way. The amplitude of velocity oscillations
reaches from 0,6 m/s to 1,25 m/s, and the amplitude of acceleration oscillations at
the calculated parameters of the system varies within the range of 6,5-10 m/s2. The
frequency of velocity and acceleration oscillations corresponds to the high-
frequency component of the technological load from cotton.

X and X change in a similar manner. The range of speed fluctuations reaches
from 0,6 m/s to 1,25 m/s, and the amplitude of acceleration fluctuations at the
calculated parameters of the system changes within the range of 6,5-10 m/s 2. The
frequency of speed and acceleration fluctuations corresponds to the high-frequency
component of the technological load from cotton.
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Fig. 4.25. Changes in displacement, speed, acceleration of a composite grate on an
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elastic support under random disturbance atm = 1,0 Ns 2/m; ¢=0,8 10*N/ m;
c2=12-10*N/m;M(F,)=105N6F, = (0,7+1,0) N

Fig. 4.9 shows the graphical dependencies of the change in the range of
movements, speed and acceleration from the increase in the mass of the grate bar.
It is known that with an increase in the mass of the oscillating system, a greater
force is required to disturb it, that is, with an increase in mass, the amplitude of
oscillations of the composite grate decreases. With an increase in the mass of the
grate from 0,7 kg to 1,5 kg the oscillation range of the composite grate decreases
from 1,85-10 ®* m to 0,65-10 * m according to a nonlinear pattern. Regarding the
oscillatory system under consideration, it should be noted that with an increase in
the grate mass, the decrease in speed and acceleration is also nonlinear. The
peculiarity is that the intensity of the decrease in the oscillation range A X , AX and
A X decreases with increasing mass. This is explained by the nonlinear rigidity
characteristic of the elastic support. At the same time, with increasing load on the
grate, the intensity of deformation of the elastic support decreases, which leads to a
decrease in the amplitude of the grate oscillations (see Fig. 4.26). Comparison of
the results of studies with studies of a metal grate on an elastic support [60] show
that the amplitude of the oscillations of the speed and acceleration X and X in the
recommended version by 10-13% more than in cylindrical composite grates. This
means that the impulse force acting on raw cotton from the composite grates is 12-
15% more than in the existing cleaner grates. The recommended values for the
mass of composite grates are 1,1-1,3 kg.
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Fig. 4.26. Graphical dependencies of the change in the amplitude of oscillations of

displacement, speed and acceleration of the composite grate on the change
grate masses
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In the process of cleaning raw cotton from large debris, it is important to
limit the amplitude of the grate oscillations, since these oscillations directly affect
the size of the gap between the grate and the saw cylinder. The values of the
amplitude of oscillations of the composite grate in our case are regulated by the
nonlinear rigidity characteristics of the elastic support. Fig. 4.27 shows the
obtained graphical dependencies of the change in the amplitude of movement,
speed and acceleration of oscillations of the composite grate on the variation of the
nonlinear component of the rigidity coefficient of the elastic supports. With an
increase in the load on the grate, the deformation of the rubber bushings due to the
variability of the thickness increases with decreasing intensity. This ensures
oscillations of the composite grate with the required amplitude and frequency at
high machine productivity. With a variation in the rigidity coefficient of the elastic
support ¢, values c¢; remained unchanged, ¢; = 1,0-10 N / m. From Fig. 4.10 it is
evident that an increase in ¢, leads to a decrease in A X, AX and A Xaccording to a
nonlinear pattern. Thus, with a stiffness coefficient of ¢, = 0,4 x 10 4 N/m, the
amplitude of the oscillations of the composite grate movement is 2,15 x 10 3 m,
and with ¢, =1,35 x 10 *N /m, the value of the amplitude A X is 0,82 x 10 “*m. In
this case, the amplitude of oscillations of the composite grate decreases by 2,4
times. An increase in the stiffness coefficient c, of the elastic support also leads to
a decrease in the amplitude of oscillations, speed and acceleration of the composite
grate. In this case, the amplitude of oscillations of speed A Xdecreases by three
times, and the amplitude of accelerations A X decreases by two times. It should be
noted that the influence of the random component of the load from the clap affects
the values of the amplitude of oscillations A X , AX and A Xwithin 8,0-10%. The
graphs show their average values.
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Fig.4.27. Dependencies of change A X, A X, A Xfrom the coefficient of
rigidity with , elastic support of the composite grate.

In this case, the deviations J x, J X, 6 X, = 8,0 -10% c; = 1,0-10 * N/m ¢, =
1,2:10 * N/m . Research has shown that an increase in the stiffness coefficient c;
elastic support leads to a proportional decrease in the amplitude of oscillations of
the composite grate bars. To ensure oscillations of the composite grate bars with an
amplitude of (0,6-1,2) 10  m nonlinear component of the elastic support stiffness
coefficient should have values of (0,8-1,0)-10 * N/m, and the stiffness coefficient ¢,
=(1,2-1,4)-10* N / m . The change in the thickness of the rubber bushing is up to
(2,0 -2,5)-10 * m (for rubber grade NO-68).

Experimental studies (Chapter 5) have shown that composite grates on
elastic supports experience loads from the raw cotton being pulled through in the
middle of the grate by 2,0 times, and in the extreme positions by 1,5 times less in
relation to grates on rigid supports. In relation to the existing metal grates on rigid
supports in production, in the proposed version the load is reduced by 2,3-2,5 times
in the middle, and in the extreme positions by 1,6-2,0 times. The attenuation of
natural oscillations and part of the forced oscillations of composite grates is
ensured by the dissipation coefficient of the elastic support made of rubber grade
NO-68. Considering that there are no resonant modes during operation, since the
frequencies of natural and forced vibrations have large discrepancies. But, to
ensure only forced vibrations of composite grates with relatively fast absorption of
free vibrations of composite grates, the recommended values of the dissipation
coefficient are 50-60 Ns/m, which correspond to the characteristics of rubber grade
NO-68 [129, 141].
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Fig. 4.28. Changes in displacement, speed and acceleration of composite grates
depending on the technological resistance of cotton.
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Figure 4.28 shows the graphical dependencies of the change in displacement,
speed and acceleration of composite grates on elastic supports with nonlinear
rigidity with varying load from raw cotton. With an increase in resistance from
cotton from 8.5 N to 20 N (average value), the movement of the grate increases
from 0,65 10 * m to 2,6 10 °* m. In this case, the oscillation speed increases
according to a nonlinear pattern to 2,45 m/s, and the acceleration increases to 17
m/s?. In this case, the deviations dx , & xand & ¥, depending on the random
component of the load are within 8,0-10%. To prevent the loss of flyers between
the grates, due to the large amplitudes of the grate oscillations and the reduction of
the technological gap between the saw drum and the grates, the amplitude of the
composite grates, according to the results of experiments, should not exceed (1,0 —
1,4)-103m .

Therefore, to ensure the required vibration amplitudes of the composite grate
bars, it is advisable to select resistance from raw cotton within the range of 15-20
N, which corresponds to 5.0-7.0 t/h in the UHK machine.

4.5. Conclusions on Chapter 4

1. A formula for calculating the speed of impact interaction of a cotton
fly with a multifaceted mesh surface has been obtained. A formula for determining
the rebound value of a cotton fly after interaction with the mesh has been derived.

2. Graphic dependences of the change in the speed of movement of
cotton bats on a multifaceted mesh surface on the change in the angle of inclination
of the flight of bats in the cleaning zone are constructed. It is revealed that in order
to increase the speed of movement of cotton bats in the cleaning zone, it is
necessary to ensure sufficient loosening of the cotton, such that the mass of tufts of
raw cotton does not exceed 0,5-0,7 g, while the speed of pulling cotton is within
3,0-3,5 m/s.

3. Graphic dependences of the change in the speed of movement of cotton
bats on a multifaceted mesh surface on the change in the length of the edges and
the length of the flight of bats in the cleaning zone were obtained. It was
established that in order to ensure the speed of movement of cotton bats on the
mesh surface up to 3.0-3.5 m/s, the recommended mesh edge length is (3,2-4,5)-10
2m.

4. The dependences of the change in the rebound value of the cotton fly
on the change in the angle of inclination of its trajectory in the cleaning zone are
determined. It is revealed that at smaller values of the angle B, the impact of the fly
will be significant, thereby the rebound value will be greater. In this case, the
separation of debris will be more effective. However, this reduces the speed of
pulling the fly. In addition, damage to fibers and cotton seeds can increase.
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Therefore, the recommended values are B < 25°-35°;

5. Graphic dependences of the change in the rebound value of the cotton
fly on the change in the length of the interaction zone with the mesh are
constructed. It is revealed that an increase in the flight speed of the fly when
leaving the surface of the splitter also leads to an increase in the trajectory length,
while the rebound value of the fly after hitting the mesh polyhedral surface
decreases significantly. It should be noted that with an increase in the trajectory
length, the force of the impact interaction of the cotton fly with the polyhedral
mesh surface decreases.

6. The analytical method was used to solve the problem of determining

the reaction during the interaction of cotton filaments with the multifaceted mesh
surface of a small debris cleaner. The maximum value of the dynamic reaction
during random disturbance from the layer of processed cotton is 30% greater than
during harmonic disturbance.
7. Small oscillations of a polyhedral mesh under the effect of
technological load from the cleaned cotton are studied. Graphic dependences of the
change in the amplitude of oscillations of the polyhedral mesh on the increase in
the torsional rigidity of the elastic support and on the moment of inertia of the
mesh are constructed. To ensure the required values 4¢. = (3,8 — 5,6)-102 rad The
recommended values for the moment of inertia of a polyhedral mesh are 0,21-0,65
kg m?. In this case, the mass of the polyhedral mesh should be selected to be no
more than 7,5-9,5 kg.

8. A method for determining the rigidity of an elastic support of a
polyhedral mesh is proposed. Dependences of changes in the amplitude of
oscillations of the mesh surface on elastic supports on changes in the amplitude of
the process load are obtained.

9. A differential equation for the oscillatory motion of a lightweight
composite grate on an elastic support with nonlinear rigidity is obtained.

10. Formulas for determining the period and frequency of natural
oscillations of a grate on an elastic support with a nonlinear restoring force are
obtained. It is revealed that with an increase in the reduced mass of the grate, the
frequency of its natural oscillations decreases according to a nonlinear pattern.

11. The dependences of the change in the grate oscillation period on the
increase in the oscillation amplitude are obtained. It is established that an increase
in the rigidity of the elastic support leads to an increase in the relative frequency of
the grate's natural oscillations according to a nonlinear pattern.

12.  The first twelve natural frequencies of composite grates were calculated
using finite element modeling methods. It was shown that their values are located
in a narrow range, which allows using resonance modes to increase cleaning
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efficiency.

13. A mathematical model of oscillations of composite grates on elastic
supports with nonlinear rigidity under random resistance from raw cotton has been
developed. Based on the numerical solution of the problem, the nature and shape of
oscillations of the composite grate of a cotton cleaner for large debris have been
obtained.

14.  The dependences of the change in the oscillations of the displacement,
speed and acceleration of the composite grate are constructed depending on the
rigidity coefficient of the elastic support of the grate. It is revealed that with an
increase in the load on the composite grate, the values of displacement, speed and
acceleration increase according to nonlinear patterns, and the influence of the
random component of the load is within 8,0-10%. To ensure the required
amplitudes of oscillations of the composite grate (1,0-1,4)-10 * m, the average
value of the disturbing force should not exceed 15-20 N.

15. Formulas for determining the distance and angle of deviation of the
cotton fly with variable rotation of the saw-tooth drum are obtained. Dependencies
of the change in the angle of deviation of the fly from the saw-tooth drum with an
increase in its diameter are constructed.
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CHAPTER 5. RESULTS OF EXPERIMENTAL STUDIES OF THE MAIN
WORKING ELEMENTS OF THE SEPARATION AND PURIFICATION
UNIT

5.1. Test results of the upgraded separator.

Chapter 2 describes the measures to improve the CC15-A cotton separator,
and Chapter 3 provides a theoretical justification for the parameters of the new
separator elements and their operating modes.

The separator was modernized in the following directions.

5.1.1. Ensuring control of the movement of the cotton-air mixture at the
entrance to the separator

To prevent increased crushing of seeds in the separator, it is proposed to
install a guide at the entrance to the separating chamber, which will ensure control
over the flow of the cotton-air mixture. The design parameters of this guide are
substantiated. The parameters of its interaction with the cotton-air mass are
established by finite element modeling.

The experimental sample of the guide was manufactured in two versions. In
the first version, shown in Figure 5.1, it is rigidly fixed to a frame that is installed
on the inlet pipe of the separator. Such a guide was installed on the separator in the
Chelak Pakhta Tozalash Joint-Stock Company in Samarkand (Republic of
Uzbekistan).

Fig. 5.1. Cotton-air
mixture flow guide (option 1)

The second version of the guide was installed directly in the separating
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chamber and allowed the position to be adjusted in such a way as to deflect the
flow of the cotton-air mixture entering the separator to a greater or lesser extent.
The appearance of such a guide is shown in Fig. 5.2. This version of the guide was
tested at the Sherabad cotton mill (Termiz, Republic of Uzbekistan)

Fig. 5.2. Cotton-air mixture flow guide (option 2)

To assess the impact of the proposed recommendations, a full factorial
experiment was conducted, in which the output parameter was mechanical damage
to seeds, and the factors were the air velocity in the separator inlet pipe, the angle
of the guide, and the equipment performance. The air velocity in the separator inlet
pipe was set by changing the fan impeller speed, which was changed by replacing
the pulley on the fan drive shaft. The air velocity was monitored using an
electronic anemometer based on a PCE - PFM -2 Pitot tube, which has an
operating range of flow velocity measurement of up to 80 m/s and pressure of up to
50 mbar._The angle of visor deviation a from the horizontal was set using a
conveyor fixed to the separating chamber body. The required separator
performance level was ensured by setting the appropriate feed rate of raw cotton by
the conveyor.
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The experimental conditions are given in Table 5.1.

Table 5.1
No.Name of thel Coded Actual values of the factor Variation
factor, symbol | designation Interval
-1 0 +1
Air velocity in
the inlet pipe v,
1 m/s X 11 X 11min =20 | X 11¢ = 27,5 | X 11max =39 |4 11 = 7,5
Guide
2 inclination X 21 X 21min =15 | X 21¢ = 22,5 | X 21max =30 |4 21 = 7,5
angle a, deg.
productivity P,
t/hour
3 X 31 X 31min =10 | X 31¢ = 12,5 | X 3imax = 15 | 4 31 = 7,5

The experiments were carried out in triplicate based on the design matrix
(Table 5.2). In this case, the number of experiments N = 23 = 8, the number of
repetitions m = 3, and the total number of experiments N - m = 8-3 = 24.
The obtained values of the output parameter, their mean values and variance are
presented in Table 5.2.

Table 5.2
Experimental Design Matrix
No. | Factor range Seed damage (in percent)
Deviation
X1|X2[Xa|yir |[Yie |Yis | Yu | SV} | Yre |VuYri)?
1| - |-|-12124]126|1,25|1,25|0,000100| 1,22 |0,000733
2 |+ |-|-1214]15|14|1,43]0,003333| 1,44 | 6,26E-05
3 |-1]+]-109]101|1,03|1,00]0,001733| 1,02 | 0,000733
4 | + |+ ] -113/122]1,23|1,25|0,001900 | 1,24 | 6,26E-05
5 |- 1]-]+(131]|14|132|1,34|0,002433| 1,35 | 0,000126
6 | + |- |+ 143| 14 |155]|1,46|0,006300| 1,46 | 6,26E-05
7 |- |+ |+ 117116117 |1,17|0,000033 | 1,15 | 0,000126
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8 | + |+ | +(127]128|1,28|1,28|0,000033| 1,26 | 6,26-05

We check whether the homogeneity of variances S is ensured, which
characterizes the distribution of results over the number m of parallel experiments
[144].

z{}’,uﬂ - JJH ):
Si=tt — (5.1)

where u is the serial number of the option p is the serial number of parallel

u :_Z}H

m:,

experiments (p =1, 2, 3.. m), m - number of parallel experiments
the average value of the results of a parallel experiment. m = 3 for the case of S aq
2we enter the values into the table and calculate this statistic.

Srgnaz — 0,00630 — O 3972 G rrrm.:.ﬂ
yN_,S2 001586 ,
ys:

u=l

where S 2 max) is the maximum value of the dispersion given in Table 5.2.

We examine the distribution of variance in two parallel experiments using
Cochran's test, G,, «1, k2 - Values are given in the table, a - significant level (0 < «
<1),k1=N,kz=m-1-The degree of freedom in our case is a = 0,05, m = 2,
N=8,G ., r:k2=Gooss1=0.52. If the following inequality is satisfied

G<Gu kik2, (5.3)

G = (5.2)

then the dispersions can be considered homogeneous.

Let's calculate the reproducibility variance

U' 01586
}, N Z = 0,001982

3. We make a regression equatlon for k=3

y=b, +Zb,x, +Zb”X X, + me,x X X,
i<l i< j<i
The regression coefficients are calculated using the following formulas ( N =
8).
| & _
l:] :EZ w ? .‘ :_Z .l.'r .'r 2 lh.‘.l' :.'"\_IZ|X|;HX'““V“ 2 I' = TZXH X,r.li”‘(.iu)

=1 =1 Y n=l

b, = 1,272; b, = 0,0829; b, = —0,0995; by = 0,03958; b,, = 0,00791;
bys = —0,0262; by = 0,00958; byys = —0,00958
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Thus, the regression equation looks like this:

Y=1,272+0,0829X,-0,0995X>+0,0395X5+0,00791X, X>-0,0262 X;X3+0,00958
X>X3-0,00958 XX, X; (5.4)

4. We use the Student's criterion to determine the significance level of the
regression coefficients. To do this, we calculate the dispersion of the regression
coefficients [144]

S z{bi} =

1
NEm

S2{Y} = —0,001982 = 0,00008258
883

S{b;} = 0,00908
Calculated value of the Student's criterion

|b;|
tpib;} =
R{ i.} S{bl}
~0,082917 ~0,09958 _0,03958
tribi} = 0,00908 9,13, triby} = 0,00908 11,05, tgibs} = 0,00908 4,35
0,007916 _ _0,02625 _ __0,009583
taibiz} = 0,00908 0,87 tpibis} = 0,00908 2,89; tpibas} = 0,00908 1,05
(ib) = 0,009583 105
REA23570,00908
Confidence for regression coefficients.
Tabular value of the Student's criterion fo0s.1s = 2-31 , 1.e. coefficients b 12, b 23
and b 123 are insignificant. The final regression equation will look like this.
y = 1,2720 + 0,0829X; — 0,0995X, + 0,0395X; — 0,0262X, X, (5.5)
To check the adequacy of the obtained model, we determine the variance due
to inadequacy
. - m Yil-1(Vucp=Yru)® _ 300,00197
using the SaalV} = = T = 000197 formula.

where y gy - the value of the output parameter calculated according to (5.5),

Y and - the actual value of the output parameter,

N - number of options,
N - the number of significant regression coefficients.
The calculated value of Fisher's criterion will be
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Sy 0,001982 _
SZ{Y} 0,00197
Tabular value of Fisher's criterion

FH=

1,006

Frlpp =0,95; f, =8(3—1)=16; f, =8 —5=3] = 8,69

Since F g < F 1, the hypothesis about the adequacy of the regression model (5.5) is
not rejected.
The model in natural values of factors has the form

Y =10,3251+ 0,0284v — 0,0132a + 0,0542I1 — 0,00139vIl

The resulting model allows predicting seed damage depending on
technological factors.

5.1.2. Facilitating the removal of fiber from the perforated wall of the
separator.

During the operation of the separator, some of the cotton is pressed by the
air draft against the perforated walls located between the separating and air
chambers. This cotton forms a layer on the wall surface. To remove the formed
layer, movable scrapers mounted on a rotating shaft are used. The process of
removing the cotton layer is accompanied by the destruction of seeds and the
formation of free fibers, which are carried away by the air into the waste.

To eliminate this phenomenon, two measures are proposed. One of them is
the production of specially shaped holes in the perforated walls, theoretically
justified in 2.5.

Another measure is the installation of a scraper with an additional insulating
chamber in the modernized SS-15A separator (Fig. 5.3).

During the process of separating cotton by scraper 3, insulating chamber 1,
located on the rear side of perforated surface 2, covers the air flow. In this case, the
pressure difference between the inner and outer surfaces of the wall is zero, i.e. the
insulating chamber blocks the air suction process. The friction force between the
cotton and the perforated surface is sharply reduced. This reduces the mechanical
impact on the seeds and prevents fiber breakage. As a result, the number of free
fibers is reduced. Scraper 8 freely cleans the perforated surface from cotton. Cotton
falls into the vacuum valve under the action of its own weight. Figure 5.4 shows a
general view of the installation on the CC15-A separator. Figures 5.5 and 5.6 show
the rear view and the location of the scraper elements [145].
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Fig. 5.3. Location of the isolation chamber in relation to the main scraper
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Fig. 5.4. View from h.é scraper side
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Fig. 5.5. View from the separating chamber

Experiments to test the effectiveness of the proposed changes in the

separator design were conducted at the enterprise JSC "Korasuv Pakhta Tozalash™
in the Tashkent region (Republic of Uzbekistan). As a control option, a serial
separator SS-15A was used, which was compared with a modernized one equipped

with an isolating chamber.
Figure 5.6 shows the improved CC-15A separator installed in the process
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flow (Figure 5.6).

—a

Fig.5.6. General view of the SS-15A UHK separator.

The main criterion for efficiency was the amount of free fibers entering the
waste. The following method was used to determine it. A burlap filter was installed
in the outlet pipe of the separator. The waste coming from the separator was
collected on it for 10 minutes of operation. After that, they were weighed with an
accuracy of 0.01 g. Then, fibers were manually removed from the sample and
weighed again. The degree of mechanical damage to the seeds was determined
using the standard method UzDSt 598: 2008 and UzDSt 597: 2008, "Method for
determining the mass fraction of defective seeds" [146; 3- c].

The experiment used raw cotton of the Sultan selection variety of industrial
grades I, 11, 11, IV and V. The air flow rate in both separators was the same, and
the productivity was 10 t/h. Tables 5.3 and 5.4 show the levels of contamination
and moisture content of the cotton during the experiment, as well as the results of
the experiment [147; 1-5 c].

Analysis of Table 5.3 shows that the use of a separating chamber allows to
reduce the content of combined fibre in litter by 33 - 39%, and the beneficial effect
is more pronounced in low grades. This is due to the fact that they contain a greater
number of immature and damaged fibres, which are more easily separated by
mechanical action. Therefore, reducing the load when using an isolating chamber
helps to preserve a greater number of fibres.

Table 5.3
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Effect of an isolation chamber on the content of free fibers in litter

Amount of free fibers in litter, %
Variety Leve_l Of_ . Reduction in
contamination Serial
tton . Upgraded separator {the amount of
co and moisture separator ) .
CC-15A free fibers in
content of CC-15A litter o
cotton,% 70
Z=2,05
| 0,26 0,17 33
W=8,6
1 272,05 0,37 0,24 35
W=8.6
Z=3,98
1 0,51 0,32 37
W=10,92
Z2=6,8
AV} 0,63 0,39 38
W=135
Z=114
V ’ 0,78 0,48 39
W=16,5

The results of the experimental determination of the number of damaged
seeds are given in Table 5.4.

Table 5.4
Effect of an Isolation Chamber on Seed Crushing
Seed damage, %
Level of : Modernized Reduction in
Variet - Serial
Y | contamination separator bathroom the number of
cotton and moisture CC-15A separator damaged -
content of CC-15A seeds.%
I 2=2,05 1,08 1,32 22%
W=8.6
Z=2,05
1 1,21 1,41 16.5%
W=8,6
Z=3,98
i 1,38 1,55 12%
W=10,92
Z=6,8
IV 1,87 2,05 9,6%
W=13,5
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Vv =114 2,15 2,38 7,3%
W=16,5
Table 5.4
Effect of an Isolation Chamber on Seed Crushing
Seed damage, %
Level of Serial Modernized Reduction in
Variety L erla
contamination separator bathroom the number of
cotton and moisture CC-15A separator damaged -
content of CC-15A seeds,%
I 2=2,05 1,08 1,32 22%
W=8.6
Z=2,05
I 1,21 1,41 16,5%
W=8,6
Z=3,98
Il 1,38 1,55 12%
W=10,92
Z=6,8
IV 1,87 2,05 9,6%
W=13.5
Z=11,4
\ 2,15 2,38 7,3%
W=16.5

Let us present the results obtained from the experiments graphically. Figure
5.7 shows a graph of the change in the amount of free fiber in the separator waste.
When we analyze this graph, we see that the amount of free fiber in the CC-15A
separator is on average 33-39% greater than the amount of free fiber in the
improved separator. As a result, the torn fiber passes through the mesh surface and
is collected in the dust collector with the air flow [148]. Amount of free fiber in
raw material, %
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Amount of free fiber in raw material, %

0,87

0,9

=& serial separator =@ modernized separator
CC-15A CC-15A

Fig. 5.7. Graph of changes in the amount of free fiber in raw cotton depending on
the type of cotton

As can be seen from the graph, the amount of free fiber in the waste
increases with decreasing industrial grade of cotton. Figure 5.8 shows the effect of
the improved CC-15A separator on the degree of mechanical damage to seeds.
This graph shows that the degree of mechanical damage to seeds increases with a
change in industrial cotton grades: the degree of mechanical damage to seeds in
industrial grade | cotton ranges from 1.08% to 1.32%; industrial grade Il cotton
from 1.21% to 1.41%; grade I1l cotton from 1.38% to 1.55%; industrial grade 1V
cotton from 1.87% to 2.05%; industrial grade V cotton ranged from 2.15% to
2.38%.

Number of mechanical damages to seeds, kg/h

=@=— Serial separator =0 Modemized separator

Figure 5.8. Change in the degree of mechanical damage to seeds depending on the
industrial variety of cotton

The use of an insulating chamber reduces the amount of free fiber by
reducing the pressure force on the surface of the perforated wall, as well as by
uniformly distributing the cotton layer on it.
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The technical solutions and recommendations obtained as a result of
completing the dissertation have been implemented in:
» Karasuv and Piskent cotton factories in Tashkent region.
 Kagansky and Peshkunsky cotton factories of the Bukhara region.
» Chelak cotton factory in Samarkand region.
» Sherabad cotton factory, Surkhandarya region.
This is confirmed by the relevant implementation acts (Appendix 1-6).

5.2. Improving the technology of cleaning raw cotton from small foreign
Impurities

Nearby scientists from JSC “Paxtasanoat ilmiy markazi” and TITLP have
studied to a sufficient extent the factors influencing the amount of fine debris
released during the process of cleaning raw cotton. In particular, the influence of
the rotation frequency, the size of the pick drum, the design parameters of the
mesh, the gap between the drum and the mesh, and others have been studied [149].
They have proposed recommended values for these parameters. However, these
parameters do not exhaust the possibility of increasing the efficiency of fine debris
cleaners.

As shown by the theoretical analysis in Chapter 4, there is a significant
reserve for increasing the cleaning effect in improving the parameters of the
cleaning zone of the purifiers from small debris. Experiments were conducted in
production conditions to confirm this position.

5.2.1. Methodology for conducting technological experiments

Technological experiments were carried out on 1XK cotton purifiers in the
production conditions of the “Korasuv pakhta tozalash” cotton mills (Republic of
Uzbekistan).

The aim of the study was to compare the existing cotton cleaning technology using
a cylindrical mesh surface with the proposed cleaning technology using a
multifaceted mesh surface based on the results of theoretical studies (Fig. 5.9, Fig.
5.10- a and b).
The experiments were carried out in the following variants:

— existing technology for cleaning cotton from small debris;

— technology for cleaning cotton from small debris using a multi-faceted mesh
surface;

— comparison of the cleaning process of the proposed and existing technology
when changing the gap between the pins and the grid.

—  The experiments were carried out on the selection variety "Namangan-
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77" 11 and 111 industrial grades

Fig. 5.9. General view of the cleaning zone Ugng a multifaceted mesh surface.
1-pin drum; 2-mesh sidewall; 3-mesh surface; 4-rubber bushings; 5-supports

Samples for analysis were taken after the cotton cleaner. For each variant,
the moisture content, contamination, and cleaning effect were determined. These
indicators were determined according to the standards OzDst 6432006, O'zDst
6442006, O'zDst 5922008 [150, 151]. Cotton moisture was measured on a VKhS-

M1 device using VLKT laboratory scales. The cleaning effect was determined on a
LKM laboratory unit.




Fig. 5.10. a - Photographs of the cotton cleaning area using drums with
multifaceted screens

Fig. 5.10. b - Photographs of the cotton cleaning area using a multi-faceted mesh
surface

5.2.2. Effect of mesh surface design options on the cleaning effect of cotton on
small debris

When conducting experiments, the following options were used and compared
in terms of cleansing effect:

- existing version of the mesh surface;

- mesh surfaces with 4, 5, 6 and 7 faces

- design options with a change in the gap between the tops of the pegs and the
mesh surface.

Figure 5.11 shows the graphical dependencies of the change in the cleaning
effect on the machine productivity with different numbers of faces (4, 5, 6, 7 faces)
and face widths (ly: 106 mm; 85 mm; 70,8 mm; 60,7 mm). Analysis of the
constructed graphs shows that with an increase in the number of faces or a
decrease in the face width, the cleaning effect decreases. With a mesh face width
of 53,1 mm and a productivity of 5,0 t/h, the cleaning effect reaches 44,2%, and
with I1=9,0 t/h, it reaches 37,2%.
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Fig. 5.11. Change in cleaning effect from machine productivity with different
number of mesh faces:

1 - mesh surface with 4 edges (lw=106 mm); 2 - mesh surface with 5 edges
(Aw=85 mm); 3 - mesh surface with 6 edges (1w=70.8 mm); 4 - mesh surface with
7 edges (1w=60.7 mm).

Accordingly, when |  is requced t0 60.7 mm (7 edges), the cleaning effect of
cotton decreases to 37.2% at P = 5.0 t/h, and at a productivity of 9.0 t/h, the
cleaning effect decreases to 26.6%. However, an increase in the width of the edges
of the mesh surface leads to significant slowing down of the cotton, increasing the
interaction with the mesh and pins. This leads to some increase in damage to the
fibers and seeds of the cleaned cotton [152]. Therefore, the recommended values
arep¢=16; 1 w=70.8 mm.

Fig. 5.12 shows the experimental dependences of the change in cleaning
effect on the change in productivity, using the existing and recommended mesh
design options.

38
36

28
26

Cleansing effect (%)

Productivity (ton‘hour)
Fig. 5.12. Change in the cleaning effect of cotton with increasing

machine performance.1- mesh surface (Il grade); 2- existing mesh surface (Il
grade);3- mesh surface (l11 grade); 4- existing mesh surface (111 grade).
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At a capacity of 5,0 t/h, the cleaning effect for small debris for the existing
mesh version, when cleaning grade | cotton, will be 37,5%, and for a multi-faceted
(6 faces, Iy = 70,8 mm) mesh, the cleaning effect reaches 41,8%. At a capacity of
9.0 t/h, the cleaning effect for
the existing version will be 29.,7%, and for the recommended design of the multi-
faceted mesh it reaches 34,9%. When cleaning grade 11l cotton, the cleaning effect
at P=5,0 t/h for the existing version of the mesh will be 31,6%, and for the
recommended version it will be 35,2%. It should be noted that the cleaning effect
at different productivity and grades of cleaned cotton in the recommended multi-
faceted mesh compared to the existing version will be higher by an average of 2,7-
5,7%. In the recommended multi-faceted mesh, the incoming cotton fly hits with
different force. In addition, the fly is dragged along a flat mesh surface, which
enhances the interaction. This leads to intensive removal of debris and an increase
in the cleaning effect.

It is important to study the effect of the gap 5 between the tops of the pegs
and the multifaceted mesh. The obtained graphical dependencies are presented in
Fig. 5.13. Analysis of the graphs shows that an increase in the gap between the
ends of the pegs and the multifaceted mesh surface leads, as in the serial version of
the mesh, to a decrease in the cleaning effect.

42
40
38
36
4
32
30
28
26
24
22
20

Cleansing effect (%)

Productivity (ton/'hour)

Fig. 5.13. Graphic dependencies of the change in the cleaning effect from the
increase in productivity and from the gap between the ends of the pegs and the
mesh surface.l - mesh surface at 6=13,0 mm;2 - existing mesh surface at 6 =13,0
mm;3 - mesh surface at 6 =15,0 mm;4 - existing mesh surface at 6 =15,0 mm.

In the recommended version of the multi-faceted mesh with P=5,0 t/h and
0 =13,0 mm, the cleaning effect is 40,8%, and with P=9,0 t/h it decreases to 30,4%.
With the existing version of the mesh, the cleaning effect will be 37,6% and
27,6%, respectively. That is, the difference between the compared options reaches
2,8-4,4%. With an increase in the distance between the ends of the pegs and the
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mesh to 15,0 mm, with the recommended version of the multi-faceted mesh, the
cleaning effect will be 4-5,8% greater than when using the serial mesh. The
recommended gap values will be 14,0-15,0 mm, when using a multi-faceted mesh
l,= 70,8 mm (6 faces).

5.2.3. Cleaning cotton using a mesh on elastic supports

Chapter 4 proposes a design for a fine juice cleaner mesh, which is mounted
on elastic supports. A theoretical analysis of the interaction of such a mesh with the
cotton transported through it is carried out, and rational values for the mesh
parameters are proposed.

Experiments were conducted to confirm the effectiveness of the elastic mesh
fastening and its effect on the cleaning effect in the conditions of the cotton mill
"Korasuv pakhta tozalash” (Republic of Uzbekistan). Cotton of the selection
variety Namangan-77 of Il and Il grades was used for processing. The results
obtained are presented in Table 5.5.

Table 5.5
Results of experimental tests of a multifaceted mesh surface on elastic supports ( 11
grade)

No. Indicators Numbfer of mesh Productivity, t/h
aces 3 ‘ 5 ‘ 7
1 Moisture content, % 8.6
) Amount of debr_ls in the source 4.6 (2.0 - small, 2.6 - large)
material, %
4 1,19 1,32 1,41
5 1,20 1,37 1,42
Amount of debris after the 6 115 121 137
cleaner, %
7 1,29 1,38 1,45
Serial grid 1,30 1,40 1,47
3
4 0,405 0,34 |0,295
5 0,4 0,315 | 0,29
Cleansing effect, % 6 0,425 0,395 |0,315
7 0,355 0,31 10,275
Serial grid 0,35 0,3 0,265
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Table 5.6

Results of experimental tests of a multifaceted mesh surface on elastic supports (111

grade)
No. Indicators Numbfer of mesh Productivity, t/h
aces 3 | 5 | 7
1 Moisture content, % 8,6
5 Amount of debr_ls in the source 46 (2,0 - small, 2,6 - large)
material, %
4 1,25 1,43 1,56
5 1,2 1,48 1,52
Amount of debris after the 5 101 151 165
cleaner, %
7 1,29 1,49 1,75
Serial grid 1,29 1,4 1,47
3
4 0,375 0,345 |0,290
5 0,387 0,390 | 0,299
Cleansing effect, % 6 0,405 0,415 |0,330
7 0,325 0,37 |0,225
Serial grid 0,31 0,33 0,222

5.2.4. Experimental studies of a multifaceted mesh surface on elastic supports

X 1— number of faces of a polyhedral mesh surface; m

of a small debris cleaner

The cleaning effect is the main indicator characterizing the feasibility of
using new technological solutions in the separation and cleaning section of a cotton
mill. According to the results of the preliminary experiment, it was established that
the influence of factors on the cleaning effect is nonlinear, therefore, the matrix of
the central composite rotatable experiment CRCE is used to conduct the
experiment. In the studies, the following factors were adopted:

X ,— gap between the peg drum and the mesh surface, mm.
X 3 — coefficient of rigidity of elastic supports, N/m;
The values of the factor levels are given in Table 5.5.
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Levels of variation of experimental factors

Table 5.7

Designa Factor values
NG Name and designation | tion Interval
' of factors coding |-1,682| -1 | 0 | +1 | +1,682 | variation
meaning
Number of faces of a
1 polyhedral mesh X1 3 4 6 8 9 2
surface;n
Gap between the peg
2 | drum and the mesh X 2 126 | 14 | 16 | 18 | 194 2
surface, mm.
Rigidity coefficient of
3 |elastic supports, x 10 3| x 3 05 | 15| 3 |45 55 1,5
N/m;

mean value of the results is determined from the expression:

For this purpose, we make a planning matrix. The experiments were carried
out in 3 - fold repetition at each point of the planning matrix. In this case, the
number of experiments is determined by the following expressions:

N=2+2k+ny=23+23+6=20

In this case, the arithmetic mean values of the cleansing effect obtained as a
result of the experiments are filled into Table 3.4 [144; pp. 121-126 ]. Then the

(5.1)

o ?H + }_"52 + .'!_’rm
Y= (5.2)
3
Table 5.8

Central compositional experiment design matrix
U | X1 | X2 X3 (X1)? | ©x2)? | (x3)? | XeX2 | XaXs | XaX3 | Yu
1 + + + + + + + + 86,6
2 + + - + + + + - 86,8
3 + - + + + + - - 87,1
4 + - - + + + - + 85,3
5 - + + + + + - + 85
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6 - + - + + + - + - 84.8
7 - - + + + + + - - 84,6
8 - - - + + + + + + 84
9 11682 O 0 2,83 0 0 0 0 0 86,8
10 [-1,682| O 0 2,83 0 0 0 0 0 85,2
11| 0 ]1,682 0 0 2,83 0 0 0 0 87
12| 0 |-1682| O 0 2,83 0 0 0 0 86,8
13| O 0 1,682 0 0 2,83 0 0 0 87,1
14 | O 0 | -1,682 0 0 2,83 0 0 0 86,2
151 0 0 0 0 0 0 0 0 0 88,9
16| O 0 0 0 0 0 0 0 0 88,7
171 O 0 0 0 0 0 0 0 0 89,1
18| 0 0 0 0 0 0 0 0 0 88,9
19 O 0 0 0 0 0 0 0 0 88,8
20 O 0 0 0 0 0 0 0 0 89

To determine the regression coefficients based on the formulas from [144; p.
187], we calculate the sums of the corresponding columns in Table 3.3

> x,¥, =101

3 x,Y, =253

> x,Y, =3914
25,5, Y, =02

Z x,x, Y, =08

> x,x,Y, =-24
> xp Y, =117063
> x.Y, =1176,05

D xY, =117463

After which the corresponding coefficients of the model can be determined.
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N _ M N _
b=g Y Yu-g,> Y xl¥.=0166317367 - 0,0568- (117063 + 117605 +117463) =888

=l i=l  wu=l

N _
b=g,Y x,.=00732:101=0,739

u=l

N .
b, =g, x, Y. =00732-2,53=0,185

=l

N _
b =g,y x, Y. =0,0732-391=0,286

w=I

N -
by = 2, %%, Vi =0125-(-0,2) = ~0,025

u=l

N -~ N _
by =2, Y 5,5, V0 =0125-08=01 b, = g, x, v, Yu 0,25 (-2.4) = 0.3

u=1 =]

N _ M N _
b=g Y Yu-g,> Y xl¥.=0166317367 - 0,0568- (117063 + 117605 +117463) =888

=l i=l  wu=l

N _
b=g,Y x,.=00732:101=0,739

u=l

N .
b, =g, x, Y. =00732-2,53=0,185

=l

N _
b =g,y x, Y. =0,0732-391=0,286

w=I

N -
by = 2, %%, Vi =0125-(-0,2) = ~0,025

u=l

N -~ N _
by =2, Y 5,5, V0 =0125-08=01 b, = g, x, v, Yu 0,25 (-2.4) = 0.3

u=l =l

N _ M N _ N
by=gs > % Yut+g > >xYu—g, > Yu=00625117083+0,0069-(117083+1176,05+

w=l =l w=l w=l1

+1174,64)—-0,0568-1736,7=1,46

N _ M N _ N
bp=g Y Y.+ Y DAY, g, Y ¥, =0,0625117605+0,0069- (117083 + 117605+
=l

u=1 =l w=1

+1174,64) - 0,0568-1736,7 = 0,84

w _ M N _ N
by=g, > x5 Yutg, Y, > xiYu—g,» Y, =00625117464+0,0069-(117083+117605+

=1 =l u=l u=l

+1174,64)-0,0568-1736,7=-0,93

Taking into account the obtained values of the coefficients, the model accepts:
Y =888+0,739x, +0,185x, +0,286x, —0,025x,x, +0,1x,x; —0,3x,x, + 1,46x] —0,84x; —0,93x] (5.4)
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We determine the dispersion of the regression coefficients:
St =57 SHby =g, S {Y}=01663-054=0089;  S{b,|=0,298;

sib, ) =57 by SHb =g, S7{V}=0,0732-0,54=0,039; S{h}=0197;

\S{b,f } S S, =g, 53 {¥}=0]125-054=00675;  Sib,|=0259;

sib, =570, St =g, S*{Y}=0,0695-054=00038; S, |=0062;

The significance of the regression coefficients is checked using the Student's criterion
. The calculated value of the Student's criterion:

b 888 bl 0739 ..
tolh } = = =29798; hl=——l =22 =375
ot} Sib,} 0,298 i} Sib} 0197 ’

. b, b,
i)l 0185 o0 1 b= |l.,| L0286, o)

Siht 0,197 St} 0,197

v by 0025 , T I
r‘?{b”}_s ; 00250 096 fuths} = S, “ 0250 F
v bl 03 b _M=ﬁ=23‘54,
f”{b’”_Sy‘;H.E_()zw_ ) Stb,} 0,062
bol 084 . oo bl 093
byt =2 = 220 1354 byt=2l = 22 35
gt b1 0062 " o sth,] 0,062

The calculated values of the Student's criterion for the coefficients are compared
with the tabular value.

>t t|P =095; fls?=6-1=5l=257:
ROCT bl Ll w | (56)

If the given condition is met, then the calculated values of the regression
equation coefficients are considered significant, otherwise, these regression
coefficients are considered insignificant and are output.

Thus, as a result of the calculation, b o, b1 b 12 b 11 b 2 and b 33 coefficients
are considered significant and the calculations continue with these coefficients. In
this case, the regression equation has the form:

Y = 88,8+ 0,739x, + 1,46x> — 0,84x> —0,93x> 5.7

To check the adequacy of the obtained results, we use the Fisher criterion. To
do this, we compare the calculated and experimental values of the output factors
[144]:

Table 5.9

Results of calculations of the output factor using regression

Equation
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No. Y, YR Yo- YR (Yu-YR)?
1 86,6 86,56 0,04 0,0016
2 86,8 86,38 0,42 0,1764
3 87,1 86,84 0,26 0,0676
4 85,3 85,46 -0,16 0,0256
5 85 84,93 0,07 0,0049
6 84,8 85,16 -0,36 0,1296
7 84,6 85,11 -0,51 0,2601
8 84 84,14 -0,14 0,0196
9 86,8 85,91 0,89 0,7921
10 85,2 85,43 0,23 0,0529
11 87 86,73 0,27 0,0729
12 86,8 86,11 0,69 0,4761
13 87,1 86,65 0,45 0,2025
14 86,2 85,69 0,51 0,2601
15 88,9 88,8 0,1 0,01
16 88,7 88,8 -0,1 0,01
17 89,1 88,8 0,3 0,09
18 88,9 88,8 0,1 0,01
19 88,8 88,8 0 0
20 89 88,8 0,2 0,04

Sum 2,702

We calculate the variance of the output parameter:

i (}_("“_YRH]I
2 27 .
S.-.{};'E:“—l:?:{],:)q

N My
Y.-Y. V=3 (Y.-Y. )
_;( ) Zi o) 27015

Si(¥)= : = = 0,283
N —n, —(n, —1) 20-6-(6-1)

2
Fo =22 V) _0.283_ 0,52;

- Sy} 0,54

We find the Fisher criterion in the table [144; p. 183]:

Fo|P, =095 115, {¥}}=20-6-(6-1 =9 s} |=6-1=5|=348

Therefore, F :< F ;, therefore the model is adequate.
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The coefficients in the regression equation express the output factors and are
important. Equation (5.7) is inconvenient for practical calculations, so the
transition from coded values (x 1, X 2, X 3) to the actual values of the factors (n, 8

s) is carried out according to the following expressions
n—ny, x SO =9, . C—C, .

MU TAn T RPTTAs 0 T TAe (5.13)
where po, s, C o - actual values of the main equations, 4n , 48, Ac -
intermediate values. Substituting into formula (5.13) the values of n ¢, 5., Co And
An, A8, Ac we get:
L_n=6_ _5-16  _ _ c—3-10°
i 2 ? 2 ’ 10 ° (3.14)
From expression (5.14) we obtain the factor equation in the following form: M = -
M, =-9894+10,76n—0,15815 —0,0705n¢ +12,375 +1,515¢— 0,352 —0,3575° —0.0104c*(5.15)

The dependences of the cleaning effect on individual factors according to
equation (3.15) are shown in Fig. 5.14, 5.15, 5.16.

Figure 5.14 shows the graphs of the dependence of the cleaning effect on the
number of mesh surface faces: the first curve on the graph corresponds to the lower
values of ¢ and with, the second graph - intermediate, the third - upper values. The
graphs show that with an increase in the number of mesh surface faces from 3 to 9,

the cleaning effect increases, then decreases [153, 154].

(%)

o

T T

Cleansing effect

The number of edges of the mesh surface

Fig. 5.14. Graph of the change in the cleaning effect depending on the number of
mesh surface faces

The first graph in the diagram in Fig. 5.14 is determined at 6 = 14 mm, ¢ =
1,5-10 * N/m. In this case, when the number of faces was three, the cleaning effect
was the lowest and amounted to 82,4%, with an increase in the number of faces to
6, the cleaning effect increased to 85,8%, a further increase in the number of faces
to 9 reduces the cleaning effect to 82,8%. The second graph is determined at 6 =
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16 mm, ¢ = 3:10 ® N/m. In this case, when the number of faces was 3, the
cleaning effect increased and reached the highest value of 87,0%, with an increase
in faces to 6, the cleaning effect increased by 88,2%, with an increase to 9, the
cleaning effect decreased and amounted to 83,6%. The third graph was obtained in
experiments with high values of 6 = 18 mm, ¢ = 4,5 10 3 N/m changes in the
number of faces. In this case, when the number of faces of the mesh surface was 3,
the cleaning efficiency was 84.5%, with an increase in faces to 6, the cleaning
effect increased by 85,2%. Analysis of the graphs shows that with smaller values
of the number of faces, the cleaning effect was small, with a further increase in the
number of faces to the average value, the cleaning effect increased. In
experimental studies with high values of the number of faces, i.e. at 9, as a result of
reducing the forces in the zone of cleaning raw cotton from small debris, a
decrease in the cleaning effect was observed. When the number of faces was 6, the
greatest cleaning effect was achieved, which was 88,2%.

Fig. 5.15 shows graphs of the dependence of the cleaning effect on the gap
between the drum pins and the mesh surface.

Cleansing effect, %o

coefficient of rigidity rubber supports
multifaceted mesh surface (103)’!111)

Fig.5.15. Graphs of changes in the cleaning effect depending on the gap between
the pegs and the mesh surface

With an increase in the gap between the drum pins and the mesh surface
from o = 12 mm, 6 = 20 mm, a graph of the change in the cleaning effect was
obtained. Curve 1 at low values of n and c, i.e. n =4, ¢=1,5-10 3 N/m, the result
of the experiment with changing the gap between the drum pins and the mesh
surface was carried out. In this case, when the gap between the pins and the mesh
surface is 6 = 12 mm, the cleaning effect is 83,4%, when 6 =76 mm, the cleaning
effect was the highest, up to 86%. However, with a further increase in the gap ¢ =
20 mm, the cleaning effect decreased to 81,2%. Curve 2 shows the nature of the
change in the cleaning effect at average values of n = 6, ¢ = 3-10 *N / m. When
the gap between the pegs and the mesh surface 6 = 12 mm, the cleaning effect was
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86,0%, and at 6 = /16 mm it increased to 88.9%, when 6 = 20 mm the cleaning
effect decreased and was 83,4%. The third graph shows the result of the change in
the cleaning effect at high values of 5 and ¢, i.e.atn=8,¢ =45 103N/ m.
When the gap between the pegs and the mesh surface 6 = 12 mm, the cleaning
effect was 83%, and at 6 = 16 mm the cleaning effect increased to 87%, with an
increase in 6 = 20 mm, a decrease in the cleaning effect to 82,0% was observed.

The obtained results and constructed graphs showed that with a gap between
the pegs and the mesh surface of 15-16 mm, the greatest cleaning effect is
achieved.

Fig. 5.16 shows graphs of the influence of the rigidity coefficient of the
rubber bushing on the supports of the multifaceted mesh surface on the cleaning
effect. In the graph, curve 1 is obtained for low values of n And ¢ , curve 2 for
average and curve 3 for high values. The influence of the stiffness coefficient of
the rubber bushing was studied, with an increase from ¢ = 1,5-10 ® N/m to
c=4,5-10 *N/m.

Cleansing effect, %o
L}

coefficient of rigidity rubber supports
multifaceted mesh surface (ll]“}'fm)

Fig.5.16. Graph of the change in the cleaning effect depending on the rigidity
coefficient of the rubber support of the multifaceted mesh surface

An experiment was conducted at low values of n = 4, 6 = 14 mm with a
change in the stiffness coefficient of the rubber bushing. When the rubber stiffness
was ¢ = 1,5-10 3 N/m, the cleaning effect was 84,9%, with an increase in stiffness
to c = 3:10 3 N/m, the cleaning effect increased to 87,2%. A further increase in the
stiffness coefficient to ¢ = 4,5-10 * N/m the cleaning effect decreased to 85,2%.
Graph 2 of the diagram shows the results of studying the cleaning effect at average
values of n = 6, 6 = 16 mm. At low values, ¢ = 1,5-10 3 N/m, the rigidity
coefficient of the rubber support of the multifaceted mesh surface, the cleaning
effect was 85.8%, and at a rigidity of ¢ = 3:10 3 N/m increased to 89,2%, further
increase in rigidity to c=4,5-10 3 N/m led to a decrease in the cleaning effect to
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87,8%. Graph 3 of the diagram shows the results of experiments at high values, n
= 8, 0 = 18 mm. When the stiffness coefficient of the rubber support of the mesh
surface was ¢ = 1,5 -10 3 N/m, the cleaning effect was 83,8%. With an increase in
c = 3:10 3 N/m, the cleaning effect increased to 88,0%, a further increase in the
stiffness of the rubber bushing to ¢ = 4,5-10 * N/m the cleansing effect decreased
to 85,2%

Analysis of the graphs shows the influence of the rubber bushing stiffness
coefficient on the cleaning effect. The greatest cleaning effect is achieved with a
rubber bushing stiffness coefficient within the range of (3-3,5)-10 3 N/m .

Thus, based on multifactorial experiments, the optimal values of the mesh
surface parameters were determined. Recommended parameter values: n=6, ¢
=15 mm, the stiffness coefficient of the rubber support of the mesh surface
¢=3-10 * N/m. With these optimal values, the cleaning effect of the UHK machine
is 89,2%.

5.3. Experimental study of the large debris cleaning section of the separation
and cleaning unit

5.3.1. Measuring the loading and vibrations of composite grates on elastic
supports

Based on the analysis of existing grate designs, a new design of a grate for
cotton cleaners to remove large impurities is developed in Chapter 2. A theoretical
analysis of the proposed technical solutions is carried out in Chapter 4.

The new cotton cleaner grate contains tubular composite grates mounted in
arched sidewalls by means of elastic bushings, in the sidewalls and in intermediate
brackets.

Cyclic effects on the grate contribute to the emergence of complex
oscillations of the grate and cotton, which results in an intensification of the release
of large impurities from the cotton.

It is important to determine the amplitude and frequency of oscillations of
composite grates on elastic supports, which directly affect the effect of cleaning
cotton from large debris.

In order to study dynamic and force loading in operating modes using
modern methods and devices for measuring machine parameters and grate
operation, a grate with composite grates was manufactured.

5.3.2. Experimental methodology and measuring devices used

The main objective of the experimental studies is to study the nature of the
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oscillatory motion of composite grates installed on rubber bushings in the sidewalls
of the cotton cleaner. It is important to study the grate loading, the amplitude and
frequency of forced grate oscillations, based on the analysis of which it is possible
to justify the necessary parameters of the grate, elastic support and cotton cleaning
modes.

To conduct comparative studies, a grate with composite grates installed on
elastic supports was manufactured, the general appearance of which is shown in
Fig. 5.17.

To increase the rigidity of the grate, rods with a diameter of 16 mm are
additionally fixed to the sidewalls and brackets are welded to them at certain
distances, on which there are guide bushings on which rubber guides are put on. In
total, the grate has three brackets along the entire length, four spans of the grate
with a distance of each section of 497 mm, on which rubber bushings are put on,
through the opening of which composite rods (pipes) with a diameter of 20 mm are
passed. The main physical and mechanical properties of rubber grades SKF36,
SKF26 and SKF260 and others are given in Table 5.10.

a-when using composite grates on elastic supports
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Fig.5.17. Working area of the cotton cleaner for large debris

Table 5.10
Physical and mechanical properties of rubbers
N Compressive
Shore strength ' ' d_|
No. at densit d +I
hardness at . Y ¢
calculations resolution 1 C,
104N/ m/ 104N/ m
1| 1847 40-55 14,2 550 1500 4,5 2,6
2 | NO-68 56-55 13,4 445 725 3,0 1,6
3| 1338 70-55 12,2 360 430 2,2 1,3
SKF
4 2 70-75 26-30 500 450 2,2 2,0
5 | SKF26 70-80 16-18 450 400 1,8 1,5
SKF
6 100 20 500 400 2,2 1,8
260

To obtain the simplest possible design, the bushings were cast in the form of
tubes of certain sizes from different grades of rubber with properties according to
Table 5.6. The main design dimensions of the bushings are given in Table 5.11.
The general design of the rubber bushings is shown in Fig. 5.18.

Table 5.11

Brand of rubber ‘ SKF36 ‘ SKF26 SKF260 ‘ 1847 ‘
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Outer diameter of the 26 26 26 26
Inner diameter of the 20 20 20 20
S'Ieeve length mm. 40 40 40 40

Fig.5.18. Rubber bushings for installing grates in the sides and intermediate
brackets

Currently, grates are made of steel rods with a diameter of 20 mm. They have
great rigidity, which makes it impossible to provide the required amplitude of
oscillations. Another disadvantage is the possibility of sparks appearing when
small stones, which are part of the litter in small quantities, hit the grate. This leads
to combustion of cotton.

To eliminate the above mentioned disadvantages, we have proposed to use
grates made of composite. The technology for producing rods from composite is
similar to the technology used in the production of composite pipes, which are
widely used in water supply, sewerage, and in various technological machines.
Over the years, experience has been gained in the production of composite pipes
and rods from polyvinyl chloride (PVC), polyethylene (PE), polypropylene (PP),
and fiberglass.

Polypropylene, polyethylene, and polyamides were studied for the
manufacture of grates. Based on the price-quality ratio, polyamide (PA) was
adopted as the basis for the manufacture of grates.

Table 5.12 presents the main characteristics of PA rods.

Table 5.12.

Technical characteristics of PA rods
No. Rod diameter, mm 16 18 20 22 24
Mechanical force on rod bending,
N (at I=1000 mm)

17 20 24 28 35
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Maximum operating temperature,

2 |, C 70 80 85 90 95
3 |Surface roughness, class 7 7 7 7 7
4 |Weight, kg (1I=1000 mm) 05 | 058 | 0,72 | 0,8 | 0,95
5 |Relative elongation at break, in% | 12.0 16 18 20 22
6 [Tensile yield strength, MPa 34.5 40 42 44 46
: Not Not Not Not Not
Impact resistance, scratch up to
7 15-2,0 mm, (TIR) more | more | more | more | more
B ’ 5% 5% 5% 5% 5%

Their main drawback is their weak resistance to scratches, which occur when
they interact with cotton and litter. To increase scratch resistance, it is proposed to

add 5% basalt fiber with an average length of 10 mm to the grate material.

As a result, a composite material was obtained that meets operational

requirements [154, 155, 156].

To measure the vibration parameters of the proposed grates, a computerized

measuring system was used.

information system, which included a four-channel strain gauge amplifier UT-4-1
and an electronic device LTR -154 for entering measurement information into a
computer. The general appearance and diagram of the measuring device are shown

in Fig. 5.19 and 5.20.

Fig. 5.19. General view of the experimental setup
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Fig.5.20. Scheme for measuring the movements (oscillations) of grate bars in two
coordinates

1- grate fastening sidewalls, 2- steel rods, 3- grate bars, 4- dynamic sensor
fastening bracket, 5- saw drum, 6- dynamic sensor of displacement along the Y'Y
axis. 7- dynamic sensor of displacement along the XX axis, 8- high-frequency
amplifier, 9- modulator, 10- ADC, 11- computer.

Fig. 5.21 shows the installation location of the vibration sensors on the
grate. Structurally, the measuring device [155, 156] for measuring the vibrations of
the grate is made autonomously and has the ability to move along the grate, which
allows measuring the vibrations of the grate elements along the entire width along
the machine.

B

Fig.5.21. Location of the measuring device in the working area of the machine

Fig. 5.22 shows the design diagram of the displacement sensors along the
XX and YU axes.
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Fig.5.22. Scheme of displacement measurement and coordinates of the location of
measuring dynamic sensors.

1- bracket; 2-movement mechanism for installing sensors relative to the grate bars
along the YY axis ; 3-dynamic displacement sensors along the XX axis; 4-
displacement sensors along the XX axis; 5-adapter; 6,7- metal fastening rods. 8-
composite grate bars.

The calibration of sensors for measuring the vibrations of composite grates
along the X and Y axes is given in Appendix P.1.2. of the dissertation. Fig. 5.23
shows a general view of the calibration stand [155].

Huauxartop
ocH YV i

r-. |
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: 2 ' ‘ AL mozemn JITP -154.
3. HHIHKATOp Y Cynmopr.
ocu XX. f A

I'py3 HarpyKeHHA.

Fig.5.23. General view of the installation during calibration of sensors

5.3.3. Analysis of the results of measuring the load and vibrations of composite
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grates

The experiments were conducted under production conditions at the Karasuv
cotton mill in the Tashkent region of the Republic of Uzbekistan. The grate
vibrations were measured for both composite grates on elastic supports and serial
grates.

It is known that the technological load from the cotton on the metal grates,
rigidly installed in the sides, slightly deforms the grates, since it does not exceed
18,0-22,0 N. Therefore, in the existing design of the grate, the grates are stationary,
the cleaning effect is low. The vibration of the grates occurs together with the
cleaning unit due to unbalanced masses in the machine drive. Fig. 5.24 shows
oscillograms of the grate movements of a serial design along the X and Y axes.
Analysis of the oscillograms shows that the amplitude of the grate oscillations
along the X and Y axes reaches 0,05-10 * m at a saw drum rotation frequency of
270 rpm and a productivity of 5,0 t/h, and with an increase in the saw drum
rotation frequency to 320 rpm and productivity to 7,0 t/h, the oscillation frequency
of the serial grate increases and corresponds to 30-70 Hz, and the amplitude of the

oscillations along the X axis reaches 0,2 mm (see Fig. 5.24 a, b, ¢).
]
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b - n=300 rpm; P=6,5 t/h
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Fig.5.24. Oscillograms characterizing the oscillations of the serial grate

Figure 5.25 shows oscillograms characterizing the oscillations of the
composite grate along the X and Y axes . Thus, with a rotation frequency of the
saw drum of 300 rpm, a machine productivity of 5,0 t/h and a grate rubber support
stiffness of 1,8-10 # N/m, the oscillation range of the composite grate along the Y
axis reaches 0,55-10 ° m, while along the X axis the grate does not actually
oscillate (see Figure 5.25 a). With an increase in the cotton cleaner productivity to
7,0 t/h and the rotation frequency of the saw drum to 310 rpm with the rigidity of
the rubber supports, the amplitude of the oscillations of the composite grate at
c=1,4-10 * N/m increases to 0,6-10 *m along the X axis, and along the Y axis the
amplitude of the oscillations of the composite grate on the elastic support reaches
3,0-10 3 m.
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b-atn= 310rpm P=7,5th,s=15-10*N/m
Fig.5.25. Oscillograms characterizing the oscillations of a composite grate on
elastic supports

Based on the processing of oscillograms, graphical dependencies of the
change in grate oscillations of both variants along the X and Y axes on the change
in the load from the cleaned raw cotton were constructed, which are shown in Fig.
5.26. AX and AY are nonlinear. The AY value is important for the composite
grate, which directly affects the effect of cleaning raw cotton from large debris.
Thus, with an increase in the load from H to 23,0 N, the amplitude of oscillations
in the existing version of the grate AX and AY do not exceed 0,5-10 = m. At the
same time, the amplitude of oscillations of the composite grate on elastic supports
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along the X axis reaches 1,0-10 *m, and along the Y axis it reaches 3,15-10 *m
In this case, the composite grates oscillate vertically with an amplitude of 1,575-10
3 m and with a frequency 6,5-15,5 times exceeding the rotation frequency of the
saw drum. This means that during the operation of the cleaner, with one revolution
of the saw drum, on average 6,5-15,5 times the raw cotton flies pulled by the saw

cylinder hit the grate, i.e. the frequency of forced oscillations of the composite
grate reaches 30-70 Hz.

LY

20 4

Fy. 100N
Fig. 5.26. Change in the amplitude of grate oscillations from the load from the side
of the cleaned raw cotton 1,2 - for the metal (serial) version of the grate; 3,4 - for
the composite grate on elastic supports.

It is known from machine mechanics that increasing the rigidity of elastic
elements leads to a decrease in the amplitude of oscillations. Fig. 5.27 shows
examples of oscillograms characterizing the oscillations of a composite grate at
different values of the rigidity coefficient of the rubber bushings through which the
grates are installed in the sidewalls of the cleaner.
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a-atc=2,15-10 *N/m n =310 rpm; P=7,0 t/h,
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b - at c=2,5-10 *N/m n =310 rpm; P=7,0 t/h,
Fig. 5.27. Samples of grate oscillation oscillograms

Analysis of the oscillograms in Fig. 5.27 shows that an increase in the
stiffness coefficient of the rubber bushings of the composite grate supports leads to
a significant decrease in the amplitude of the grate oscillations both along the X
axis and along the Y axis . A decrease in the stiffness of the elastic supports (see
Fig. 5.27) leads to an increase in the amplitude of the composite grate oscillations.

In this case, the amplitude of the oscillations increases to 0,6-10 = m along
the X axis and to 2,15-10 *m along the Y axis with a machine productivity of 5,0
t/h.

Based on the processing of the obtained oscillograms, graphical
dependencies of the change in the oscillations of the composite grate on the
increase in the stiffness coefficient of the rubber elastic grate supports were
constructed, which are shown in Fig. 5.28. It is evident from the graphs that with
an increase in the stiffness coefficient of the rubber bushing from 1,2-10 * N/m to
2,15-10 * N/m, the amplitude of the oscillations of the composite grate along the X
axis decreases from 0,67-10 2 m to 0,18:10 °* m, and the amplitude of the
oscillations of the grate along the Y axis decreases from 2,25-10 *m to 0,58-10
m according to a nonlinear pattern. Experimental studies have shown that the
maximum effect of cleaning raw cotton for large debris is achieved with the
amplitude of oscillations of the composite grate within the limits of (1,7-2,0) -10
m. Therefore, for the case under consideration, the recommended values of the
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stiffness coefficient of the rubber bushing of the grate support are (1,6-2,0) -10 *
N/m (rubber brand SKF 32).

Research into determining the oscillation frequency [157, 158] of composite
grates is important. Figure 5.28 shows the graphical dependences of the change in
oscillation frequency along the Y axis of a composite grate on the increase in the
stiffness coefficient of the elastic support.

Y
X, Y,
10°m

1.0+

Fig.5.28. Dependences of the change in the amplitude of oscillations of the
composite grate on the change in the stiffness coefficient of the elastic support 1 -
y =1(c); 2-x=1(c); atn =290 rpm; P = 7,0 t/h.

4

10-Gs

0 : :1,1 :A'. lA 8 jvu :%: t 10°N/m
Fig.5.29. Graphic dependences of the change in the oscillation frequency of the

composite grate on the change in the stiffness coefficient of the elastic support
1-at n =280 rpm, P =5,0 t/h; 2-at n =310 rpm; P =7,0 t/h

It should be noted that an increase in the stiffness coefficient of the elastic
support from 1,2-:10 4 N/m to 2,15-10 * N/m leads to an increase in the oscillation
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frequency of the composite grate at n = 280 rpm and P = 5,0 t/h according to a
nonlinear pattern from 0,2-10 2Hz to 0,92-10 2Hz, and at n = 310 rpmand P = 7,0
t/h the oscillation frequency along the Y axis reaches 1,22-10 2 Hz. The highest
effect of cleaning raw cotton from large debris is obtained at (45 - 75) Hz. Taking
this into account, the most suitable value of the stiffness coefficient is (1,6—2,0)
-10 *N/m, while the grate oscillation frequency along the Y axis will be (0,8—1,1)
.10 2Hz.

The analysis of the obtained results revealed that the frequency of
oscillations of composite grates on elastic supports is also affected by the rotation
frequency of the saw drum. In this case, the raw cotton bats pulled by the saw
cylinder, colliding with the composite grates, form forced oscillations of the grates.
Fig. 5.30 shows the patterns of change in the frequency of forced oscillations of
composite grates from an increase in the rotation frequency of the saw drum. With
an increase in the rotation frequency of the saw drum from 0,5-10 ?rpm to 3,1-10 2
rom, the grate oscillation frequency increases at ¢ = 1,4-10 * N/m from 0,125-10 2
Hz to 0,52-10 2Hz, and at ¢ = 2,2:10 * N/m and P = 7,0 t/h, the forced oscillation
frequency of the composite grates reaches 1,28-10 2 Hz. Therefore, the most
effective way to increase the grate oscillation frequency is to increase the rotation
frequency of the saw drum. But this may increase the percentage of damage to
fibers and cotton seeds due to the increased impact forces on the grates. Therefore,
the rotation frequency of the saw drum must be set within the range of (3,0—3,15)
-10 2rpm.

The studies of the change in the gap between the saw cylinder and the
composite grate bars of the cotton cleaner for large debris are important.

= WTS

——p )
oL i

Fig.5.30. Graphic dependences of the change in the frequency of forced oscillations of
the composite grate on the variation in the rotation frequency of the saw drum
1-at c=1,4-10* N /m; 2-at ¢=1,8-10 * N/m; 3-at ¢=2,2 10 * N/m; at P=7,0 t/h
Based on the processing of oscillograms, graphical dependencies of the grate
oscillation amplitude on the change in the gap were constructed, which is shown in
Fig. 5.31.
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Fig.5.31. Dependence of the grate oscillation amplitude on the gap between the
saw cylinder and the grate

A full factorial experiment was conducted to determine the recommended
value for the gap between the pin cylinder and the grate bars.

5.3.4. Influence of technological parameters of the coarse debris cleaner on the
quality of raw cotton cleaning

To study the performance of the proposed design
grate bars installed on the UHK machine, a full factorial experiment was
conducted. There are a number of foreign literary sources, Internet materials,
which evaluate the quality indicators of seeds and cotton during the processing of
raw cotton.
The input parameters of the experiment are:
1. Rigidity coefficient of rubber bushings installed on composite grate supports -
s, N/m
2. Machine productivity - P, t/hour
3. The gap between the grate and the saw drum is 5 mm.
When conducting experiments, the cleansing effect of U was chosen as the output
parameter.

5.3.5. Procedure for conducting research

When conducting experimental measurements, in order to increase the accuracy
of measurements and eliminate errors, a comparative assessment was made with
the parameters of a standard machine.

When conducting the research, a full factorial experiment [144] (hereinafter
PFE) 23was chosen:

All the identified main factors vary at two levels (+1 and -1), and the number
of experiments is 23 = 8. After selecting the main factors and their variation levels,
it was determined by which main output parameters it is possible to judge and
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evaluate the work, as well as optimize the technological and design parameters of
the cleaner with the recommended composite grate with elastic rubber bushings.
Based on this analysis, a planning matrix was compiled, which is presented in
Tables 5.14 and 5.15. Table 5.13 shows the variation levels of the factors.
The actual values of the factors were coded using the formula;

X1=(c—1,5)/0,5; Xo=(I1-6)/1; X3=(5-14)/2;

The accuracy and reliability of the experimental results largely depend on
the accuracy of control of all input and output parameters and their constancy.
Therefore, each experiment was preceded by preparation with multiple control of
the input and output parameters of the cotton cleaner from large debris. The results
obtained are presented in Tables 5.14 and 5.15.

Table 5.13
Coded Values of factors. Variation
Name of the factor designations interval
-1 0 +1
Rubber bushing
hardness, s 10 “N/m o Lo 1520 05
Machine productivity X, 5 5 5 1
P, t/hour.

The gap between the

grate and the saw X3 12 14 16 2
cylinder is 6,10 *m

Experimental results for a composite grate using grade Il raw cotton.

Table 5.14
No. X Xo X3 Y1 Y, Y3 Y av SZ [ Y ]

1 - - - 82,5 81,7 81,8 82 0,19

2 + - - 89,8 89,7 89,5 89,67 0,023
3 - M - 85,8 85,1 84,3 85,07 0,563
4 + [ - 82,4 82,6 82,8 82,6 0,04

3) - - 81,8 82,5 82,5 82,27 0,163
6 + - 86,8 87,8 879 87,5 0,37

7 - H + 83,4 83,1 829 83,13 0,063
8 + + 80,8 80,2 80,1 80,37 0,143
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We determine the dispersion from the following expression [157; pp. 5-12].

>V,
SV +—i; (5.16)
m—1
where m is the number of experiments conducted under identical conditions.
The dispersion values are given in Tables 5.9 and 5.10.

We calculate the Cochran criterion using the formula [144, 182-c].
Gy=SV ]IES,-E(Y) =42,28/166,16=0,2544 (5.17)
il

For probability q = 0.05 from table [144, 157] we select Cochran’s
coefficient for N =8, m =5 G, = 0.7043.
Since G p < Gup We can assume that the dispersion is homogeneous.

1
by = 3 (82 + 89,67 + 85,07 + 82,6 + 82,27 + 87,5 + 83,13 + 80,37) = 80,1
1
b; = 3 (—82 + 89,67 — 85,07 + 82,6 — 82,27 + 87,5 — 83,13 + 80,37) = 0,95

1
b, = 3 (—82 — 89,67 + 85,07 + 82,6 — 82,27 — 87,5+ 83,13 + 80,37)
=-1,28

1
by = 3 (—82 — 89,67 — 85,07 — 82,6 + 82,27 + 87,5 + 83,13 + 80,37)
=—-0,76

1
by, = 5(82 — 89,67 — 85,07 + 82,6 + 82,27 — 87,5 — 83,13 + 80,37) = —2,26

1
bys = (82— 89,67 + 85,07 — 82,6 — 82,27 + 87,5 — 83,13 + 80,37) = —0,34

1
bys = 5 (82 + 89,67 — 85,07 — 82,6 — 82,27 — 87,5 + 83,13 + 80,37)
= —0,28

1
bizs = 5 (=82 +89,67 + 85,07 — 82,6 + 82,27 — 87,5 — 83,13 + 80,37)
= 0,26
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1
by =5 (~82 — 89,67 — 85,07 — 82,6 + 82,27 + 87,5 + 83,13 + 80,37)
=—0,76

1
b, = 5(82 — 89,67 — 85,07 + 82,6 + 82,27 — 87,5 — 83,13 + 80,37) = —2,26
1
bz = 5(82 — 89,67 + 85,07 — 82,6 — 82,27 + 87,5 — 83,13 + 80,37) = —0,34
1
by, = 5{82 + 89,67 — 85,07 — 82,6 — 82,27 — 87,5 + 83,13 + 80,37)
=—0,28

1
biys = 5 (=82 +89,67 + 85,07 — 82,6 + 82,27 — 87,5 — 83,13 + 80,37)
= 0,26

Let's calculate the variance of the regression coefficient
S2{b;} = ﬁs%?} =0,0081, S {b;}=0,08999

SV} = 5 S*Y)

Where
Calculated values of the Student's criterion
| b;]
tpib;} = Tf;}
I
0,95
te{b} = 503999 =10,65
—1,28
fg{bz] - m - —14‘,26
-0,76
lbs} =5 08999 =~
—2,26
—-0,34
telb13} = 508999 = ~379
—0,28
tR{LFJB} = m = -3,15
tribi23} = m = 2,98

As a result of processing the obtained results, regression equations were obtained
for grade Il cotton:
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V=>by+ b; X+ bXo+ b3 Xz + bpoXoXo + bpsXyXs + basXoXs+ baaX i XoX;  (5.18)

V=180,1 +0,95X; -1,28X,-0,76X; -2,26X,X; (5.19)
Experimental results for a composite grate using grade IV raw cotton.
Table 5.15
No. X1 X, X3 Y, Yo, Y3 Y tab S 2 [ Y ]

1 - - 82,8 81,7 81,8 1821 0,37

2 + - 85,8 86,1 855 858 (0,09

3 - - 78,8 78,1 [r7,3 [78,07 (0,563

4 + M - 1824 816 81,8 8193 0,173

5 -k + 80,2 81,1 80,9 80,73 0,223

6 + | + [77,8 772 [7152 [76,73 (1,853

7 -+ + [78,7 785 [r7,3 [78,17 0,573

3 + M4 + [77,8 775 [165 [77,27 (0,463

We determine the dispersion from the following expression.
>V,
SV = - : (5.20)

m—1"
where m is the number of experiments conducted under identical conditions.
The dispersion values are given in Tables 5.14 and 5.15.
We calculate the Cochran criterion using the formula [144].

Gy=S[ Y I/ S3(Y) =42.28/166,16=0,2544 (5.21)
i-1

For probability g = 0,05 from table [144, 157] we select Cochran’s
coefficientfor N =8, m =5 G (5 = 0.7043.
Since G ;< O p, We can assume that the dispersion is homogeneous.

1
bo =3 (82,10 + 85,80 + 78,07 + 81,93 + 80,73 + 76,73 + 78,17 + 77,27)
= 80,1

1
b, = 3 (—82,10 + 85,80 — 78,07 + 81,93 — 80,73 + 76,73 — 78,17 + 77,27)
=0,33

1
b, = 3 (—82,10 — 85,80 + 78,07 + 81,93 — 80,73 — 76,73 + 78,17 + 77,27)
=-1,24
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1
by = 5 (~82,10 — 85,80 — 78,07 — 81,93 + 80,73 + 76,73 + 78,17 + 77,27)
= 1,87

1
by, = §(82,10 — 85,80 — 78,07 + 81,93 + 80,73 — 76,73 — 78,17 + 77,27)
=0,40

1
b3 = §(82,1U — 85,80 + 78,07 — 81,93 — 80,73 + 76,73 — 78,17 + 77,27)
= —1,55

1
by = (82,10 + 85,80 — 78,07 — 81,93 — 80,73 — 76,73 + 78,17 + 77,27)
= 0,73

1
bys3 = 5(—82,1{} + 85,80 + 78,07 — 81,93 + 80,73 — 76,73 — 78,17 + 77,27)

= 0,36
Let's calculate the variance of the regression coefficient

Sz[bi}=ﬁ52{?} =0,022438, S {b;}=0,149792

SV} =0 8* (V)

Where
Calculated values of the Student's criterion
0,33
tribi} = 539797 = 220
teiby} = 0.114;;:92 =827
1,87
tribs} = §Ta979; = 1251
tribiz} = 0.12;34792 =272
1,55
tR{bIB] = m = 1[},39
0,73
telbs} = 519797 = 49
0,36
tribizs} = 59707 = 240

As a result of processing the obtained results, a regression equation was
obtained for the IV grade of cotton:
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V=280,1 +0,93X, -1,24X,-1,87X5 +0,4X, X, +0,73X,X; (5.22)

Verification of the obtained equations (5.19) and (5.22) using the Fisher
criterion showed their adequacy.

Let us consider the influence of factors on the output parameter, i.e. on the
cleaning effect. Analysis of the regression equation shows that the main influence
on the cleaning efficiency Y is exerted by the rigidity of the rubber bushings (x:
productivity (X, the gap between the grate and the saw drum (xs3)) and the
interaction of factors (X; X3, X2 X3, X1 X2 X3).

To study these dependencies, a numerical calculation of the curves was
carried out using the regression equation for different values of the main factors
[159-169].

5.3.6. Results of the experiments and analysis of regression equations

The results of the calculations after processing are presented in the form of
graphs (Fig. 5.32). Fig. 5.32, a shows the dependences of the efficiency of cotton
cleaning on the hardness of the rubber, where four curves y =y (x) are given.

The first curve corresponds to the minimum, the second and third to the
intermediate, and the fourth to the maximum values of the factors x, and x3. On the
first curve, at x, =5,0 t/h, X3 = 12 mm, it increases from 83,04% to 89,01%, on the
second curve, at X, = 5,66 t/h, X3 = 13,32 mm, it increases from 82,8% to 83,7%, on
the third curve at x; = 6,32 t/h, x3 = 14,64 mm, respectively, from 83,04% to
83,7%, on the fourth curve at x, = 7,0 t/h, X3 = 16,0 mm, respectively, from 82,47%
to 80,9%.

Fig. 5.32, b shows the graphical dependences of the efficiency of cleaning
raw cotton on the machine productivity. The presented curves show that with an
increase in productivity from 5,0 t/h to 7,0 t/h, depending on the specified x; and X3
the cleaning efficiency is characterized by descending curves. On the first curve at
X1=1,0-10 * N/m; x3 = 12 mm from 82,5% to 85,2%, on the second curve at
X,=1,33-10*N/m, x3 = 13,3 mm from 84,4% to 83,3%, on the third curve at x; =
1,66-10* N/m, x3 = 14,64 mm from 86,17% to 82,12%, on the fourth curve at x;=
2,0-10 *N/m, x3=16 mm from 87,63% to 80,9%.

Fig. 5.32, ¢ shows the effect of changing the gap between the grate and the
saw drum on the effect of cleaning raw cotton. The presented curves show that
with an increase in the gap from 12 mm to 16 mm, depending on the specified x;
and x; , the cleaning efficiency is characterized by descending curves, on the first
curve at x; = 1,0-10 * N/m; x, = 5,0 t/h from 82,59% to 82,25%, on the second
curve at x; = 1,33-10 * N/m; x = 5,56 t/h from 84,6% to 83,35%, the third curve at
X7 =1,66-10 4 N/m; X » = 6,32 t/h from 83,6% to 82,9%, the fourth curve at X 1 =
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2,0-10 *N/m; x »= 7 t/h from 82,5% to 80,9%.
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1 1,33 166 2
Rubber hardness, 10* N/m

a - graphs of changes in the cleaning effect depending on hardness
rubber bushing of composite grates, where, 1 -at x 2=5,0t/h, x3=12mm, 2 -atx 2=
5,33t/h,x3=13,32mm, 3-atx>=5,66t/h,x3=14,64 mm,4-atx>=7,0t/h,x 3=

16,0 mm
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=14,64 mm, 4-atx =

2,0-:10 *N/m: X 3= 16,0 mm

¢ - graphs of the change in the cleaning effect from the gap between the grate and
the saw cylinder. 1 -at1;=1.0x10*N/m; x,=5.0t/h,2-atx7 =1.33x 104
N/m; x ,=5.56t/h, 3-at x7 =1.66 x 10 *N/m; x ,=6.32t/h,4-atx7=2.0x 104
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N/m; x ,=7.0 t/h.
Fig. 5.32. Graphical dependencies of the cleaning effect on technological
parameters

The calculation results after processing are presented in the form of graphs
(Fig. 5.33). Fig. 5.33, a shows the dependences of cotton cleaning efficiency on
rubber hardness, where four curves y =y (x) are given. On the first curve, at the
values of factors x , = 5,0 t/h, x 3 = 12 mm, it increases from 82,08% to 85,8%, on
the second curve at x , = 5,66 t/h, x 3 = 13,32 mm it increases from 80,45% to
81,9%, on the third curve at x , = 6,32 t/h, X 3 = 14,64 mm it decreases from
79,17% to 79,14%, and at maximum values, i.e. X , = 7 t/h, X 3 = 16 mm, it
decreases from 82,47% to 80,93%.

Fig. 5.33, b shows the graphical dependences of the efficiency of cleaning
raw cotton on the machine productivity. The presented curves show that with an
increase in productivity from 5.0 t/h to 7.0 t/h depending on the specified x 2and X 3
The cleaning efficiency is characterized by descending.

On the first curve at x 7=1,0-10 *N/m; X 3= 12 mm from 82,01% to 78,52%,
on the second curve at x 7=1,33-10 * N/m, x 3= 13,3 mm from 85,52% to 78,6%,
on the third curve at x 7= 1,66-10 * N/m, x 3= 14,64 mm from 80,25% to 78,08%,
on the fourth curve at X 7=2,0-10 *N/m, X 3= 16 mm from 76,4% to 77,26%.

Fig. 5.33, ¢ - shows the effect of changing the gap between the grate and the
saw drum on the effect of cleaning raw cotton. The presented curves show that
with an increase in the gap from 12 mm to 16 mm, depending on the specified x;
and X, , the cleaning efficiency is characterized by descending curves, on the first
curve at X 7= 1,0-10 * N/m; x », = 5,0 t/h from 82,08% to 80,74%, on the second
curve at x 7=1,33-10 * N/m; x , = 5,56 t/h from 82,0 % to 78,89 %, the third curve
at X 7=1,66 x 10 *N/m; x = 6,32 t/h from 82,04% to 77,74%, the fourth curve at x
7=2,0-10 *N/m; x , =7 t/h from 81,9% to 77,2%.

The gap between the grate and the saw drum affects the cleaning process
linearly. By changing the gap, the cleaning effect can be adjusted.

J g ]
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1

Cleansing effect
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- g ]

- Rubher ﬁnrd.ness 104 \;"m
a - graphs of the change in the cleaning effect from the rigidity of the
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rubber bushing of the composite grates, where, 1 - at x ,=5,0 t/h, x 3=12 mm, 2 -
at X ,=5,33t/h, x3=13,32mm, 3-atx ,=5,66 t/h, x 3=14,64 mm, 4 -atx ,=7,0
t/h, X 3=16,0 mm.

Cleansing effect

Producﬁfi.t; .Iu.'ir.lfmachi.ne {III:;I.IEIDIII"}

b - graphs of the change in the cleaning effect from the machine
performance. 1 -atx1=1,0-10*N/m; x3=12mm, 2 -at X 1= 1,33-:10 *N/m; X 3=
13,32 mm, 3-at x 1=1,66-10 *N/m; x 3= 14,64 mm, 4 - at x ;= 2,0-10 *N/m; X 3

= 16,0 mm.

Cleansing effect
|
!
|
|

gap on the grate (10~ m)

¢ - graphs of the change in the cleaning effect from the gap between the
grate and the saw cylinder. 1 -at x 1=1,0-10 *N/m; X ,=5,0t/h, 2 -at x 1 =
1,33-10 *N/m; x ,=5,56 t/h, 3 - at x 1 = 1,66-10 *N/m; x = 6,32 t/h,
3-atx1:=2,0-10 *N/m; x ,=7,0 t/h.
Fig. 5.33. Graphs of changes in the cleansing effect

The main result of the conducted full-factorial experiment is to determine
the influence of input factors on the output factor. All the above parameters and
their ratio affect the process of cleaning raw cotton. It is necessary to select such
parameters of input factors that would work to improve the cleaning process.
Analysis of the obtained experimental results allows us to recommend the
following values for the selected main factors:

- productivity, t/h — 5,0;

- the hardness of rubber bushings is 2,0-10 *N/m;

- the gap between the grate and the saw drum is 16 mm.

With these values of factors, the raw cotton cleaner operates efficiently, i.e.
the cleaning effect is above 90%.
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The technical solutions and recommendations obtained as a result of
completing the dissertation have been implemented in:
 Karasuv and Piskent cotton factories in Tashkent region.
« Kagansky and Peshkunsky cotton factories of the Bukhara region.
 Chelak cotton factory in Samarkand region.
« Sherabad cotton factory, Surkhandarya region.

This is confirmed by the relevant implementation acts (Appendix 7-12).

The quality of the fiber after the separation and cleaning section was tested
using the HVI system in the laboratory of the Tashkent Textile Institute. The
experiments were conducted on the selection variety "Namangan-77" and
"Bukhara-6" 1, Il and Ill industrial grades. The test results for the existing and
proposed cleaning systems are given in Appendix 13. From the data provided it
follows that the contamination of the fiber is reduced by 14-17% for the "Bukhara-
6" variety and by 14-29% for the "Namangan-77" variety. The short fiber index is
reduced by an average of 3% regardless of the selection variety.

5.3.7. Conclusions for Chapter 5

1. Experiments have shown that installing a curved guide at the entrance
to the separator’s separation chamber reduces seed damage by 1.5 times.

2. The use of an insulating separator chamber allows to reduce the
pressure of cotton on the mesh at the point of removal, which leads to a decrease in
the amount of free fibers by 33-39%, depending on the type of fiber.

3. Based on a full factorial experiment, a mathematical model was
obtained for the dependence of the level of seed crushing on the controlled factors
of air velocity at the entrance to the separator, the angle of inclination of the guide
and productivity, which makes it possible to determine rational values of the
process parameters.

4. It has been established that with an increase in the number of edges or
the width of the multifaceted mesh, the cleaning effect decreases. An increase in
the width of the mesh surface edges leads to significant cotton braking, increased
interaction with the mesh and pins. This leads to some increase in damage to the
fibers and seeds of the cleaned cotton. Therefore, a mesh with six edges and a
width of 70,8 mm is recommended for use in cleaners.

5. When increasing the distance between the ends of the pegs and the
mesh to mm with the recommended version of the multi-faceted mesh, the cleaning
effect will be 4-5,8% greater than when using a serial mesh. The recommended gap
value is 14,0-16,0 mm. At the same time, compared to the serial version, small
debris in cotton after its cleaning in the recommended version decreases on
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average to 17%, and the cleaning effect increases to 21%.

6. Based on multifactorial experiments of the second order, rational values
of technological parameters of cotton cleaning from small debris were determined.
It is recommended to select the number of mesh edges - 6 (width 70.8 mm),
technological gap between the pegs and the mesh - 15 mm, the coefficient of
rubber rigidity on the supports of the mesh surface is 3:10 * N/m. With these
values, the cleaning effect of the UHK machine is 89,2%.

7. Based on multifactorial experiments, the best parameters of the cotton
cleaner for small debris were determined: the number of peg faces is 6, the
technological gap between the pegs and the mesh is 15 mm, the number of drum
revolutions is 310 rpm, which ensures the maximum cleaning effect of UHK cotton
up to 89,8%.

8.  The laws of oscillatory motion of composite grates on elastic supports
were determined experimentally depending on the load from the side of the
cleaned raw cotton, the rigidity coefficient of the rubber bushings (supports) and
the rotation frequency of the saw drum:

- regularities of the change in the amplitude of oscillations of composite
and metal (serial) grates from the change in the load from the side of the cleaned
raw cotton were obtained. In this case, the amplitude of oscillations of the
composite grate is 5-6 times greater than the amplitude of oscillations of the serial
grate under the same conditions, which contributes to an increase in the cleaning
effect;

- Graphic dependences of the change in the oscillations of the composite
grate on the increase in the stiffness coefficient of the rubber elastic supports of the
grate were constructed. To ensure the required amplitude of oscillations of the
composite grate (1,7-2,0) -10 3 m, it is recommended to install bushings with a
stiffness coefficient of (1,6-2,0) -10 *N/m;

- The regularities of the change in the frequency of forced oscillations of
composite grates from the increase in the rotation frequency of the saw drum were
obtained. The recommended values of the rotation frequency of the saw drum are
(3,0-3,15) -10 2rpm;

9.  Experimental studies of a new grate with composite grates on elastic
supports were conducted. A mathematical model was obtained that adequately
describes the process of cleaning raw cotton from large debris in the form of
regression equations. Optimization of the parameters of the section for cleaning
cotton from large debris was carried out, based on which the following parameters
are recommended: productivity 5,0 t/h; rubber hardness 2,0-10 * N/m, gap between
the saw drum and grates 16 mm, while the cleaning effect achieved is above 90%.

10. The results of fiber testing for the existing and proposed cleaning
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systems according to the HVI system showed that fiber contamination is reduced
by 14-17% for the Bukhara-6 variety and by 14-29% for the Namangan-77 variety.
The short fiber index is reduced by an average of 3% regardless of the selection
variety.
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CHAPTER 6. ECONOMIC EFFICIENCY FROM THE
IMPLEMENTATION OF A MODERNIZED SEPARATION AND
PURIFICATION UNIT

6.1. Calculation of economic efficiency from the implementation of a
modernized separation and purification unit

Tests on the introduction of new equipment were conducted at the Karasuv
cotton mill in Tashkent region. The existing SS-15A designs and the UHK unit
were installed, and a prototype of the modernized separation and cleaning unit was
installed in parallel. Fig. 6.1 shows the equipment diagram and Fig. 6.2 shows the
general appearance of the unit.
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Fig.6.1. Scheme of the separation and cleaning unit SS-15A-UKhK

Based on the test results, the annual economic effect from using the
upgraded equipment in the form of the SS-15A-UKhK separation and cleaning unit
was calculated.

Economic efficiency was calculated on the basis of the current methodology
“Methodology (basic provisions) for determining the economic efficiency of using
new technology, inventions and rationalization proposals in the national economy”
[170].

The calculation of the annual economic effect is based on a comparison of
the reduced costs for the basic and new technology.
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Fig.6.2. General view of the recommended separation and cleaning unit

The main indicators characterizing the economic efficiency of introducing a
new technology are: cost price of production, specific capital investments, labor
costs, labor productivity, profitability, profit, payback period of additional
investments or the standard capital investment coefficient.

The payback period (T) or efficiency coefficient (E) is determined by the
following formula.

(6.1)

o
I
0

21 6.2
s (6.2)

where Kz, Ko are specific capital investments in basic and new technology;

Ci1, C2 - the cost of production of a unit of output using basic and new
technology.

The costs incurred are an indicator of the comparative effectiveness of
capital investments and are used to select the best options for technical and
economic solutions. Costs are determined by next formula:

C,+E, K, >minwiHK, +T, C, — min (6.3)

where Kiis the capital investment spent on each solution option.
Ci- this is the price of a product produced using a certain technology.
Tnis the standard payback period for capital investments.
Enis the standard coefficient of comparative efficiency of capital investments.
The annual economic effect is determined by the following formula:
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2.=(3-33) A: (6-4)
where 31 ,3- are the sum of the costs of producing a unit of output using old and
new technology, sum ;

A ; is the annual volume of production of the product using the new technology in
the estimated year, in physical units.

The economic efficiency of production and use of new equipment is
determined by the following formula:

3 = _3_.3_3,R+En+(EJ1_EJE)_E.-.{.K_‘_’R'I}_?? A {65)
’ 8 B+E P +E, Y

where 31, 3; are the reduced costs of the old and new equipment, respectively, in

sum,
6,

%1 - the coefficient of growth of productivity of new equipment compared to old
one;

b1, and b,— annual volumes of products (work) produced using a unit of basic and
new equipment, respectively, in physical terms;

PitEy

P2+Ew __ coefficient of taking into account the service life of new equipment in
comparison with the basic version;

P1, P2 - percentage of deductions from the book value for the complete restoration
of basic and new equipment, taking into account obsolescence.

If the complete recovery rate is 16,4%, then P = 0,164;

E - standard efficiency coefficient E ,= 0,15;

(U1 —Uy)—E,(Kz—Ky)

P2 +Ey consumer savings on current operating costs and deductions
from capital investments over the entire service life of new equipment compared to
the new base version;

Ki, K2 — accompanying capital investments of the consumer in basic and new
equipment;

U 1, U 2 - annual operating costs of the consumer when using new equipment based
on the volume of products produced using the new equipment;

A , - the annual volume of products manufactured on new equipment in the
reporting year, in physical terms.

At the same time, as a result of the introduction of more advanced equipment
into production, the quality of finished products will be improved. At the same
time, as a result of the improvement of equipment and its working parts of the
main production process at cotton ginning plants, the output of high-grade cotton
fiber increases, and the quality of the seeds obtained increases due to the reduction
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of their damage.

Therefore, when calculating the annual economic efficiency of introducing
improved equipment into production, it is necessary to take into account the
additional economic effect of increasing the overall quality of manufactured

products.

The economic efficiency of improving quality indicators is determined by

the following formula:

=L - 1])* 4,

where, I11is the price of the product in the basic version;

111- the price of the product in the new version;

A ;- annual production of a new version, size.
The information required to calculate the annual economic effect from the

introduction of a new type of separation and purification unit, brand SS-15A-

UKhK, is presented in Table 6.1.

(6.6)

Table 6.1

Necessary data for calculation of a new type of separation and cleaning unit
of the SS-15A-UKhK brand

INDICATORS Units Options
measurement Basic New
Annual volume of processed raw cotton tons 24000 24000
Quantity established equipment pCs . 2 1
Performance equipment t/h 10 11
Installed power equipment kW 1315 131,5
Coefficient demand - 0.7 0.7
Electricity fee for 1 kW of maximum load  sum. 325 325
per year for 1 KW/hour of consumed energy
Amount of payment for installed capacity sum . 36800 36800
The amount of depreciation charges for % 15 15
major repairs
Deductions on current repair % 5 5
Minimum wage established for settlements sum . 821000 821000
Deductions By social insurance % 25 25
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I. Calculation capital expenses.

The book value of the equipment, taking into account the coefficient for
transportation and installation of 10%, is:
In the basic version:

Separator brand SS-15A and cleaning unit brand UHK: 195580 thousand
soums ;

Total: 195580 thousand sums.
In the implemented version:

Separation and cleaning unit brand SS-15A-UHK: 195580 thousand sums;

Total, taking into account expenses for R&D: 220180 thousand sums.

I1.  Calculation operational costs.

These costs include expenses for major repairs, current repairs, electricity,
and material consumption.

1. Cost on capital repair:
In the basic variant

195580*0,15 = 29337 thousand sums

In being implemented variant

220180*0,15 = 33027 thousand sums
2. Cost on current repair:
In the basic variant
195580*0,05 = 9779 thousand sums
In being implemented variant

220180* 0,05 = 11009 thousand sums
3. Cost on electricity:
In the basic variant
(131.5x0.7x0.7x3556x325)/1000 = 74467,5 thousand sums;
In the implemented version
(131.5x0.8x0.7x3556x325)/1000 = 85105,7 thousand sums.
4. R&D costs: 24600 thousand sums.
5. Material costs:
In the basic version: 14400 thousand sums;
In the implemented version: 2328 thousand sums.
The obtained data are entered into table 6.2.
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Table 6.2
Determination of reduced and operating costs in the basic and implemented
options, in thousands of sums.

INDICATORS Options

Basic New
Initial price equipment 177800 177800
Costs of transportation and installation 17780 17780
Straight capital cost 154508 154508
R&D costs - 24600
Capital expenditures in R&D 154508 179108
Presented costs for the acquisition of 218756 222446
equipment
Operational expenses , total 159898 152746
Including: 29337 33027
- depreciation charges
- deductions on current repair 9779 11009
- expenses on electricity 106382 106382
- material cost 14400 2328

6.2 Definition accompanying capital investments

Associated capital investments related to the production of a new means of
labor are determined in the amount of 10% of the cost of the basic and
implemented equipment:

 195580x10

| 195580
100 thousand sums

_220180<10 0o
100 thousand sums

Substituting the obtained data into the formula, we calculate the annual
economic effect from the introduction of improved equipment [171, 172]:

(159898-152746)—0,15x(22018-19558)

22 =218T756x1,1x 1,0+
0.164+0,15

—222446=39787,53

thousand sums
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Let's define general economic effect:

24000x32,5=0,5
Joduy. = De.+ Ieson.+ 3, =3978753+ m; ”:(; 2 1286072+ (14789 83-14318 24)x 228 2
x

=3978753+50156R08+ 10761684 = 64897245 thousand sums

6.3. Conclusions on Chapter 6

1. According to the results of research in production, as a result of
mechanical damage to seeds and loss of fibrous products in the proposed improved
isolation chamber and directional separator, an economic benefit of 490,592
thousand sums was achieved.

2. It is recommended to use a mesh surface with a face width of 70,8 mm,
when using which the cleaning effect in the UHK unit will be 7,3% greater than in
the serial version.

3. Based on the results of tests of JSC “Korasuv pakhta tozalash” of the
Tashkent region cotton cleaning plant, it was revealed that the modernized unit of
the UHK using hexagonal meshes with a width of 70,8 mm allows to obtain a
cleaning effect of 7,0-7.5% greater than in a serial cotton cleaner.

4. The implementation of the recommended design of a multifaceted mesh
surface in the EN.178 section of the cotton ginning unit of the UHK allows one
cotton mill to obtain an annual economic effect of 52,466 thousand sums.

5. The results of comparative production tests of the developed design of
the separation and cleaning unit in the conditions of cotton mills showed that the
cleaning effect of raw cotton in the proposed separation and cleaning unit is on
average 12-14% higher than in serial machines. In addition, mechanical damage to
cotton seeds due to the use of a composite guide in the separator and shock-
absorbing bushings in the supports of the cleaner grates made it possible to reduce
0,75-0,82% relative to the serial design. At the same time, free fiber in cotton is
reduced almost twice, the service life of the machine has increased significantly,
and it has become possible to increase the productivity of the machine.

6. The implementation of the recommended separation and cleaning unit
with the developed working bodies allows to obtain an annual economic effect for
one cotton mill of 648972,45 thousand sums.
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GENERAL CONCLUSIONS AND RECOMMENDATIONS FOR THE
DISSERTATION

1.  Analysis of works on improvement of cotton separators and cleaners
showed that currently there is no information on research on combination and
continuity of processes of separation of cotton and air with its subsequent cleaning.
Due to imperfection of working bodies of cotton separators and cleaners, high
damage of fibers and seeds of cotton occurs. Combination and provision of
continuity of technologies of separation of raw cotton from air and cleaning is
proposed. On this basis, a technological scheme of separation and cleaning section
of flow line of cleaning of raw cotton is proposed.

2. Efficient and resource-saving design schemes of working parts and
elements of cotton separators have been developed:

- a separator with a curved cotton guide in the inlet part of the chamber;

- diagram of a raw cotton separator with a composite guide and elastic
shock absorber;

- raw cotton separator with improved design of perforated disc and
isolation chamber;

- diagram of a separator with a spherical shape of the design of the mesh
surface of the chamber.

3. The technological parameters of the working parts of the cotton
separator are theoretically substantiated: the pressure at the entrance to the
separator, the position of the guide, the law of movement of the scraper shaft with
a separating chamber, ensuring a reduction in mechanical damage to seeds by 1,5
times, and the formation of free fibers by 33-39%.

4, The regularities of movement, trajectory and speed of cotton fly are
determined taking into account the guide at the entrance to the separator. The
forces of interaction of seeds with the wall of the separating chamber are
determined by finite element modeling methods.

5. Regularities have been established that allow calculating the shear
forces of the cotton layer on the surface of the separator mesh taking into account
the geometry of the holes with it; the parameters of the mesh and conical holes that
ensure the minimum value of their shear forces have been substantiated.

6. A formula for determining the movement and speed of a cotton
particle along a curvilinear vibrating surface of a composite separator guide has
been obtained, and technological parameters have been recommended that ensure
efficient separation of dust and small debris.

7. Based on the results of research in production conditions, it was
established that as a result of reducing mechanical damage to seeds and fiber loss
in the proposed separation technology with an isolation chamber and a separator
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guide, an economic benefit of 490 350,26 thousand sums was achieved.

8. It has been established that the use of multifaceted meshes in small
debris cleaners reduces the monotony of cotton movement across their surface and
thereby increases the cleaning effect.

9. A mathematical model of the movement of a fly on the surface of a
polyhedral mesh has been obtained, which makes it possible to determine the
values of the technological angle of interaction of cotton fly with the polyhedral
surface of the mesh, the speed of the impact interaction of the cotton fly with the
polyhedral mesh surface and the rebound value of the cotton fly after interaction
with the mesh.

10. Graphic dependences of the change in the speed of movement of
cotton bats on a multifaceted mesh surface on the change in the angle of inclination
of the flight of bats in the cleaning zone are constructed. It is revealed that in order
to increase the rapid movement of cotton bats in the cleaning zone, it is advisable
to sufficiently loosen the cotton so that the mass of the dragged lump of raw cotton
does not exceed 0,5-0,7 g.

11. Small oscillations of a polyhedral mesh under the effect of a
technological load from the cotton being cleaned are studied. Dependences of the
change in the amplitude of oscillations of a polyhedral mesh on the torsional
rigidity of the elastic support and on the moment of inertia of the mesh are
obtained, allowing to increase the efficiency of separation of small debris.

12. A method for determining the rigidity of the elastic support of a
polyhedral mesh is proposed, providing the required level of its amplitude from a
variable technological load. Operating modes of the cleaner are established,
providing the necessary gap between the ends of the pegs and the mesh surface of
0.014-0.016 m.,

13. The dependence of the cleaning effect on the number of mesh edges
and the gap between the mesh pins was established, which made it possible to
reasonably approach the selection of rational parameters from the point of view of
reducing damage to seeds and fiber.

14. Based on multifactorial experiments, the best parameters of the cotton
cleaner for small debris were determined, at which the UHK cleaner provides the
maximum cotton cleaning effect of up to 89,8%.

15. Based on the test results, it was found that the modernized UHK unit
using hexagonal meshes allows for a cleaning effect of 7,0-7,5% greater than in a
serial cotton cleaner. The introduction of the recommended design of a
multifaceted mesh surface allows for an annual economic effect of 52,466
thousand sums for one cotton plant.

16. Based on the analysis of the grate designs of cotton cleaners for large
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debris, lightweight composite grate designs on elastic supports have been
developed. A classification of grate bars has been developed taking into account
the mobility and materials of manufacture, as well as the functional and technical
properties of the grate bars.

17. A differential equation of oscillatory motion of a lightweight
composite grate on an elastic support with nonlinear rigidity is obtained, formulas
are obtained for determining the period and frequency of natural oscillations of the
grate on an elastic support with a nonlinear restoring force. It is revealed that with
an increase in the reduced mass of the grate, the frequency of natural oscillations of
the grate decreases according to a nonlinear dependence.

18. The dependences for determining the distance and deviation angle of
the cotton fly with variable rotation of the saw drum and the use of composite
grates, as well as the dependences of the change in oscillations of the displacement,
speed and acceleration of the composite grate depending on the stiffness
coefficient of the elastic support of the grate are obtained. It is revealed that with
an increase in the load on the composite grates, the values of displacement, speed
and acceleration increase according to nonlinear patterns, and the influence of the
random component of the load is within 8,0-10%. To ensure the required
oscillation amplitudes of the composite grate (1,0-1,4)10 = m, the average value of
the disturbing force should not exceed 15-20 N.

19. Tests of the separation and cleaning unit with the proposed changes in
the conditions of cotton mills showed that the cleaning effect of raw cotton is on
average 12-14% higher than in serial machines. In addition, mechanical damage to
cotton seeds due to the use of a composite guide in the separator and shock-
absorbing bushings in the supports of the cleaner grates is reduced by 0,75-0,82%
relative to the serial design.

20. The results of fiber testing for the existing and proposed cleaning
systems according to the HVI system showed that fiber contamination is reduced
by 14-17% for the Bukhara-6 variety, and by 14-29% for the Namangan-77
variety. The short fiber index is reduced by an average of 3% regardless of the
selection variety.

21. The introduction of a separation and cleaning unit with developed
working bodies and recommended technological modes allows obtaining an annual
economic effect for one cotton mill of 648972,45 thousand sums.
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