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results of production testing o
new drive mechanism arrange
belt drive. Comparative 1ndlca 1
cleaning machines. Pugé estin ows that the working parts of the
modernized unit . ach other when changing the angular

on yarn is increasing in the global market [2]. In the country, it is
more finished products from cotton fibers [3]. However, research on the
modes of movement of working bodies during technological processing
o0 be out of bounds. In addition, the identification and analysis of the kinematic
and k1nemat1c characteristics of the transmission mechanisms of technological machines as
ell as the development of optimal options for their kinematic diagrams have not been
ied out in practice. presently. Up to now, most theoretical and even experimental studies
have assumed that the working part of the cotton processing machine rotates evenly.
Therefore, it is important to study the irregular rotation of working objects, the effects of
speed and acceleration in the technological process, and on that basis to select appropriate
modes and develop transmission mechanisms. Ensuring these motion modes, thereby
proposing the best kinematic diagram options for the industry, is a problem. Our research
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aims to address these issues. Therefore, a project with a new cotton seed line is recommended
[3;4].

It is known that the current facility of the cotton ginning complex (ICGC) has a cotton
cleaning area with 3 stages for large and small waste, the total number of working units is
32. At the same time, there are 15 unique actuators. create. . Therefore, 15 electric motors
were used in the ICGC unit and their movements were not interconnected [5-8]. It should be
noted that the analysis of the given kinematic chains shows differences in the loading o

sequence of the process technology. In this case, each working body is ki
separated from the others, that is, the speed of linear movement in the wozki
multiplied and expansion occurs sequentially. In turn, this leads to da
grains, their accumulation and jamming during cotton movement.

movement of the brush shaft is considered independently.
scheme of the ICGC unit, only 3 electric motors trans
movement rules of the working agencies in each la
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cleaning area are
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Fig. 1, (b). Kinematic diagram of a side view of a cotton cleaner with a new drive layout: 1-electric
motor, 2-belt transmission, 3-saw drum (shafts 1-2), 4-brush drum (shafts 3-4), 5-pin drum (shafts 5-
6-7-8) 6 litter auger 7 brush drum (shaft-9) 8 strain gauge BHF350-3HA attached to the shaft, 9
current collector MSC-22-04A, 10-gauge (amplifier) XFW-HX711, 11 strain gauge BF1000 glued
tension roller, 12- brand I2CIIC 3-5B sensor, (fluorescent distance sensor module) 13- Hall sensor
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brand LM393 roller, 14 damper brand VAG 03C145299Q tension roller, 15-Arduino microcontroller
(ADC) UNO R3, 16-computer.

In the ICGC type large and small cotton washing machines, 3 electric motors are installed
with capacities of 1.5 kW, 2.2 kW and 11 kW respectively. The task of the 1.5 kW electric
motor is to transmit motion to the feed rollers. In this case, the inventory device connects the
electric motor to the source. An electric motor with a capacity of 2.2 kW should only drive
the separator brush 9. The task of an electric motor with a capacity of 11 kW is to
motion to the rest of the working parts of the device. In this case, the movement is t
to the lower tooth drum 4, then to the upper tooth drum 5 and worm 13 (Fig.
same time, the upper saw drum 5 separately drives the guide brush drums 6

The motion is transmitted by sequentially to the right brush dru
transmitted to the latch drums 7 and 8. In figure 1.7. (a) shows the ki
ICGC cotton gin with the recommended drive mechanism and E¢
front view of this kinematic diagram. It should be noted that
kinematically interconnected. At the same time, eccentric
drive. At the same time, they affect the law of chan ular velocity of the
corresponding working organs and accelerate the cleani
pulleys are made of composite. They meet the ch
allow to reduce torque fluctuations in the respect
leads to reduced vehicle load and reduced power

g couplings and
rive system. This, in turn,

2 Materials and Methods

full equations of Newtonian regression, and formulating
ematical statistics, and the processing of experimental

es of the intermediate changes are shown in Table 1.

Table 1. Levels of factors and interval of their change.

E Factors
=
Factors and their S g ] Levels
designations - Coded SE| B g 5
& = & designation =2 | 87 22 2
5] [SIR=] (SRS ~ (=
£ = A =Yg
Performance t/h X 2 5 7 9
The eccentricity of the tension
roller of the input peg drum Mm X2 1 L5 2,5 3.5
The eccentricity of the tension
roller of the output peg drum Mm X5 05 05 1,0 L5
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Considering the influence of factors in the evaluation criterion of the illuminating
polynomial of the second degree, the experiments were carried out according to the Hart-3
plan [10; 11]. When carrying out full-factorial experiments, the efficiency of cleaning cotton
(Y1,%) and the coefficient of uneven rotation (Y2,) were taken as evaluation criteria. The
plan for conducting multivariate experiments and their results are shown in Table 2.

Table 2. Plan for conducting multivariate experiments and their results.

U U
X Xo | Xs 1 2 1 3 1 : 2
1| -1 | -1 | +87.910 +87.930 +87.360 +0,0192 +0,0190, | +03
+1 ] -1 | -1 | +87.880 +88.480 +87.930 +0,0074 +0, +0,00
21| +1 | -1 | +89.800 +89.940 +89.390 +0,0263 262 264
+1 | +1 | -1 | +88.330 +88.260 +87.710 +0,0165 0166 0166
| -1 | 41| +89.800 +89.920 +89.330 +0,02
1| -1 | +1 | +88.480 +88.370 +87.830 +04006
S| 41| 41| +91.800 +91.230 +90.660 10296
1| 41| +1 | +87.430 +87.460 +86.900 +0,0218
1| 40 | +0 | +90.200 +90.600 02 | +0,0204
+1 | +0 | +0 | +89.350 +88.990 +0,0106
40 | -1 | +0 | +90.530 +90.010 +0,0093 | +0,0094
+0 | +1 | +0 | +90.010 +90.560 +0,0185 | +0,0186
+0 | +0 | -1 | +90.600 +89.990 +0,0113 | +0,0114
+0 | +0 | +1 | +89.950 +90.580 +0,0145 | +0,0146
3 Results

The results of experimé
movement of the du

S0 ew layout of the raw cotton cleaning unit, the
erimental studies, the analysis of the modes of movement of

Fig.2. Scheme of compound peg drums

To ensure the circular vibration of the pin drum of the modernized UCC fine cotton
cleaning unit, the drum is made of a sufficient level of composite, additionally equipped with
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bushings. The cleaning unit with the proposed drive configuration mainly provides the

following features:

® the modes of operation of the working bodies are interconnected and this process is
carried out continuously;

® to ensure the full movement of the cotton particles and avoid jamming, it is necessary
to increase the angular velocity of each sequentially installed working body;

® rotational oscillation of the working bodies is ensured with their successive decre
is the cotton cleaning system that causes the increase in the degree of loosen
3);

® due to the reduction of the electric drive, the energy consumption decrd
resource increases;

®  To ensure sufficient rotational vibration of the pin drum, they are
with elastic parts.

The main angular vibrations are generated by the eccentric
drive (Figure 4).
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ig.4. Graphs of the connection between the loading of the shafts of the input and output peg drums

The information obtained in the experiments was processed using the PLANEX program.
he same time, to assess the uniformity of the variance, the Cochran test, the values of the
regression coefficients, the Student's test, and the adequacy of the regression models, the
Fisher test, were used. The information obtained in the experiments was processed using the
PLANEX program developed for the special computer software (SCS) of the Research
Institute of Agricultural Mechanization (Tashkent, Uzbekistan), and the following regression
equations (1; 2) were obtained expressing the adequacy of the evaluation criterion.
- cleaning efficiency of cotton (%):
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Y 1=+90,519-0,802X,+0,276X>+0,294X3-0,9197X,2-0,560X X>-
-0,522X,X3-0,426X,2-0,175X,X3-0,419X;32 (1)

- coefficient of the unevenness of the angular speed of rotation of the input peg drum:

Y2=+0,0117-0,049X,+0,0046X+0,0016X5+0,0037X,?+0,0005 X X+
+0,0005XX3+0,0022X,%+0,0005X,X3+0,0013X5?

Based on statistical analyzes of the 95% probabilistic reliability and verifi
resulting equations for adequacy, the following results were obtained [10-12]

(2) it can be seen that with an increase in productivity
(eccentricity of the tension roller of the output belt drive i
mm of the tension roller of the input belt transmission

an eccentticity of 1.5
5to 88.50 percent

3.5 mm from 91.21 to 88.74 percent. The coe
eccentricity of the tension roller of the input belt
mm from 0.01469 to 0.00469, with an eccentrici
an eccentricity of 3.5 mm from 0.0236
idler roller of 0.1 mm, the purity of cot
belt idler roller) with an eccentricity of

ith an eccentricity of 1.5
0.01797 to 0.00817, with
entricity of the output belt
ntricity of 2.5 mm of the input
tput belt idler roller decreases from
rcent, at 1.5 mm from 91.48 percent
to 89.30 percent. The coeffig tation (U2) with an eccentricity of 0.5 mm of
the tension roller of the o . ses from 0.01531 to 0.00698 in Fig.5 with an
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Fig.5. Graphs of changes in cotton cleaning (Y1) and the coefficient of uneven rotation (Y2) depending
on productivity (X1)



BIO Web of Conferences 116, 01001 (2024) https://doi.org/10.1051/bioconf/202411601001
EBWFF 2024

Building on the basis of regression equations (1) and (2), it can be seen that with the
increase of eccentricity (X2) of the belt drive tension roller in Figure 6, the purity of cotton
(U1) (with 1.5 mm eccentricity (X3) of the belt drive tension roller) at 5 t/h increased from
90.36 to 91.53%, at 7 t/h increased 89, 83 to 90 .68%, at 9 t/h 88.52 to 89.60%. Uneven
turnover coefficient (U2) at 5 t/h productivity increased from 0.01469 to 0.02369%, at 7 t/h
from 0.00832 to 0.01752% and at 9 t/h from 0.00469 to 0.01409%. With an eccentricity of
0.1 mm (X3) of the output belt drive tension roller, the purity of cotton (U1) (with a
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ng (U1) and the coefficient of uneven rotation (U2)
of the tension roller (X2) of the input belt drive.

% , at 7 t/h from 90.17 to 91.57%, at 9 t/h from 88.08 to 88.95%. The
of uneven rotation (U2) at a capacity of 5 t/h with an eccentricity of the tension
roller of 1.5 mm of the input belt drive increased from 0.01718 to 0.01998, at 7 t/h from 0
01071 to .01391, at 9 t/h from .00716 to .01058. With an eccentricity of 1.5 mm, the input
tensioner (capacity 5 t/h) increases from 89.11 to 90.04%, with an eccentricity of 2.5 mm
from 89.98 to 90.57% , with 3.5 mm eccentricity from 90.01 to 90.57%.

The uneven rotation coefficient (U2) of the tension roller input belt drive increases from
0.00738 to 0.01048 with an eccentricity of 1.5 mm, from 0.01071 to 0.01391 with an
eccentricity of 3.5 mm, from 0.01648 to 0.01978.
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Fig.7. Graphs of changes in cotton cleaning (Y1) and
eccentricity of the tension roller (X3) of the output bel

he quality of work to the
the action of “search for a

solution” of the Excel program on a P
together take the criterion Y1, i.e., the efi
Y2, 1i.e., the coefficient of uneve
are shown in Table 3.

range of 0.01-0.02 [14]. The results obtained

the working bodies of the combined unit

original | encoded | Original

2,606513 | 10,4145 1,207238

in drum equal to 2, 6 mm and the eccentricity of the tension roller of the
is 1.2 mm. Among these coefficient values, the cleaning efficiency of cot-

comparison test results of modern cotton filtering machines. The transmission scheme of the
ecommended cotton cleaning equipment has been improved by ensuring the connection be-
sen the working parts. A prototype of the cotton cleaning device was installed in the first
process of the REAL AGRO COTTON universal cotton cleaning system and comparative
tests were carried out based on the existing design of the second process. 2. At the same time,
the power consumption of the proposed version is 3.7 kW lower than that of the serial player
version.

The results of comparative technological tests between serial design and testing of the
cleaning unit of the ICGC device are presented in the table 4.
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Table. 4. Results of experimental tests

Indicators, %

After one 1-cleaning line of the
modernized ICGC unit

After the 2-cleaning line
of the existing ICGC unit

Cleaning efficiency after

. 91,1 83,7
cleaning
Humidity 7,8+11,5 7,8 +11,5
Infestation 2,52 2,60

Fig.8 shows a general view of the area of the drive mechanisms of the re

cotton gin.

sections of the IC
2 of the ICGC

After one 1-cleaning line of
the modernized ICGC unit

After the 2-cleaning line
of the existing ICGC unit

after 92,6 85,6
8,8+11,7 8,8+11,7
3,12 3,60
umbetr of cotton jams 0 2

ended

*sented in Table 5. The tests were performed on lines 1 and
2. The experiments were performed in triplicate. Table 5

The results of production tests showed that the dynamic relationship of the working parts
ith a sufficient increase in speed and the movement of the pin and the saw drum at a variable
lar speed improved the cleaning system without observing clogging. The testing of the

recommended design of the pin-belt drive for cleaning cotton from small batches 1XK
showed high reliability and continuous operation. The test results showed that the cleaning
efficiency of the proposed design compared to the current version increased by an average
of 7.05%. When using the recommended design, torsional vibrations also appeared in the pin
drum, which ensured effective separation of impurities from weeds and eliminated the
phenomenon of cotton inhibition, the number of defects decreased by 1.12%, mechanical
damage by 1.23% and free fibers by 0.41%. The results of the comparative testing of the
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technology in the serial design refining line and the test unit of the 1-CGC unit are presented
in Table 6.

Table 6. The results of comparative production technological tests in the first and second purification
lines of the 1-CGC purifier.

After the modernization . .
. . . After the serial unit of
Indicators, % of the unit section of the .
L the second line 1-CGC
first line 1-CGC
. 10,2/8,2 10,2/8,2
Humidity 9,4/36
9,7/8,5
4,6/2,65
Infestation 4,6/2,68
4,3/2,59
40,76
Cleaning efficiency 391
f leani .
after cleaning 40,2

4 Conclusions

tal research, so that the
pin drum does not exceed
the requirements for high purity cotto : t/ h, eccentricity of tension
roller of output belt drive latch
ipg parts of the modernized unit are
angular velocity at appropriate intervals
consumption is reduced by 3 .7 kW; cleaning
clean cotton decreased by 0.08%; Cotton

drum 1.2 mm. Production testing shows
connected to each other whea
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