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Annotation

This study focuses on optimizing the design and operating parameters of a
vibrating screen surface used in cotton cleaning units. Experimental and theoretical
analyses were conducted to assess the effects of peg drum speed, vibration
frequency, and amplitude on cleaning efficiency and mechanical damage to cotton
seeds. A regression-based model was developed to identify optimal parameter
ranges that ensure high impurity removal efficiency while minimizing seed
damage. The results provide practical guidelines for improving the performance of
cotton cleaning machinery.
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Introduction. Efficient removal of fine impurities during the primary
processing of cotton is a critical factor in improving product quality and increasing
production efficiency. The key performance indicators of cotton cleaning machines,
including throughput capacity, cleaning efficiency, and the degree of mechanical
damage to cotton seeds, are directly dependent on the design and operating
parameters of the machine. Therefore, the determination of optimal operating
regimes for cotton cleaners equipped with vibrating screen surfaces represents an
important scientific and practical task aimed at enhancing the effectiveness and
reliability of cotton processing equipment.

The above-mentioned indicators directly and significantly influence the
technological parameters of the cotton cleaner. To investigate the effect of
variations in the operating capacity of the proposed vibrating screen cleaner on
cleaning efficiency, a series of experimental studies was conducted. As a result of
experimental and theoretical investigations, the following key factors were
identified: the rotational speed of the drum (rpm), the vibration frequency of the
screen surface (Hz), and the vibration amplitude of the screen surface (mm).
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To determine the optimal parameters, the experiments were planned as
multifactorial studies and conducted in accordance with established standards.
After selecting the main factors and their corresponding levels, it became possible
to optimize the technological and design parameters of the peg drum and the
vibrating screen surface of the cotton cleaner. In addition, the conducted analysis
allowed conclusions to be drawn regarding the overall performance of the cleaner
and the relative significance of the influencing parameters.

In accordance with the research objectives, it was necessary to evaluate the
influence of three independent input factors — the rotational speed of the drum, the
vibration frequency of the screen surface, and the vibration amplitude of the screen
surface—on the output parameters, namely cotton seed damage and the cleaning
efficiency of the cotton cleaner, while accounting for experimental error.

To carry out the optimization process, appropriate input and output variables
were selected.

The following parameters were selected as input factors:

X1 - rotational speed of the peg drum, rpm

Xz - screen surface vibration frequency, Hz

Xs - screen surface vibration amplitude, mm

The following parameters were selected as output variables:

Y: - mechanical damage to cotton seeds in the cleaning machine, %

Y: - cleaning efficiency of the cleaning machine, %

The variation ranges of the input factors are presented in Table 1.

Table 1.
Ranges of variation of the input factors
Variation ranges Interval of
Factor name and designation o
1 0 1 variation
x1 - Rotational speed of the peg drum, rpm 350 | 400 450 50
x2 - Screen surface vibration frequency, Hz 20 |40 60 20
x3- Screen surface vibration amplitude, mm 4 6 8 2

The experimental procedure and the corresponding indicator values were
continuously recorded using a high-resolution photo and video system. To ensure
the required accuracy, each experimental series was repeated at least three times.
Experiments showing significant deviations from the average values were
repeated. The experimental data obtained were processed using computer-based
software, and regression equations were derived. The statistical significance of the
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regression coefficients was evaluated using Student’s t-test, while the adequacy of
the obtained models was verified using Fisher’s F-test. (Table 2.)

Table 2.

Central composite experimental matrix

Factors

No i,  hx3 ks 1 B i Y1 ¥, 21y, Sa(Ye)
3

1 +|+]0 |+ 0 0 + [+ |0 4 68 41 15,0
2 +|- (0] - 0 0 + + 0 2,5 | 45 3,5 20,0
3 -+ 10 |- 0 0 + + 0 2,6 | 39 2,8 42,0
4 -1- 10|+ 0 0 + + 0 24 | 34 2,4 38,0
5 +|0|+10 + 0 + 0 + 3,1 | 54 2,1 52,0
6 +10|-1]0 - 0 + 0 + 24 | 48 27 50,0
7 -0 +]0 - 0 + |0 + 23 | 42 3 45,0
8 -0 |-1]0 + 0 + 0 + 2,2 | 40 2,4 47,0
9 O|+]+]0 0 + 0 + + 29 | 57 1,9 52,0
10 |0+ |- |0 0 - 0 + + 2,8 | 43 2,4 45,0
11 (0| - |+ 1|0 0 - 0 + + 2,3 | 41 2,1 52,0
12 |0]- |- 1|0 0 + |0 + |+ 24 | 30 0,008 1,0
13 (0|0 |00 0 0 0 0 0 45 | 79 0,001 15,0
14 |00 |0 |0 0 0 0 0 0 4 80 0,0018 | 0,8
15 (0|0 [0 ]O0 0 0 0 0 0 42 |75 0,009 5,0

The matrix should employ the coded values (+), (-), and 0.

Using the obtained mathematical models, two regression equations were
derived. Since the optimization involved four factors, the influence of the factors
was analyzed in pairs, resulting in six response surface plots representing the
general form of the interaction effects. Among these, the plots illustrating the
effects of three paired factors are presented above.

The obtained equations for Y: - mechanical damage to cotton seeds (%) and Y-
- cleaning efficiency (%) were tested for adequacy. The adequacy check was
performed using Fisher’s F-test, and the calculated value of the Fisher criterion was
determined. The calculated value of the optimized response was obtained by
substituting the coded values (-1, 0, and +1) of all columns of the experimental
matrix from Equation Y: (Table 3).
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SpaalV} _ 007 SZaall} _ 2839
s2{r} 0,0059 s2{v} 10,4

Fi[Py = 0,95 f{S2,4{Y}}=15-7-(B-1)=6;f{S2} =3-1=2] = 4,74

FR1 = = 11,86 FRZ = = 2,73

Equation

Fry = 11,86 <1925 = F; Frp, = 2,73 < 19,25 = F;

Table 3

Calculated Results of the Coded Values for the Adequacy Variance
Y: - mechanical damage to cotton |Y2 - cleaning efficiency of the cleaning
(%) ine, %

Ne

= = > p G| G| > >

1 4 3,8 -0,20 10,04 68 65,95 -2,05 4,20

2 2,5 2,46 -0,04 10,00 45 42,69 -2,31 5,34

3 2,6 2,52 -0,08 10,01 39 41,95 2,95 8,70

4 2,4 2,5 0,10 0,01 34 36,69 2,69 7,24

5 3,1 3,19 0,09 0,01 54 58,2 4,20 17,64

6 24 2,69 0,29 0,08 48 49,94 1,94 3,76

7 2,3 2,27 -0,03 10,00 42 43,2 1,20 1,44

8 2,2 2,37 0,17 0,03 40 34,94 -5,06 25,60

9 2,9 3,12 0,22 0,05 57 56,21 -0,79 0,62

10 2,8 2,92 0,12 0,01 43 47,95 4,95 24,50

11 2,3 2,44 0,14 0,02 41 41,95 0,95 0,90

12 2,4 2,24 -0,16 10,03 30 33,69 3,69 13,62

The statistical processing of the experimental results for cotton seed

mechanical damage and cleaning efficiency was performed using Microsoft Excel at

a specified confidence level.

Y, = 4,23 + 0,31x; + 0,34x, + 0,1x3 — 0,34x,x, — 0,15x;x3 — 0,73x] — 0,68x3
- 0,87x3
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Fig. 1. Model graph for the optimization of cotton seed mechanical damage
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Fig. 2. Model graph for the optimization of cleaning efficiency

The results obtained from the multifactorial experimental design demonstrate

a clear relationship between the operating parameters of the cotton cleaner and its

performance indicators. Regression analysis revealed that the rotational speed of

the peg drum, the vibration frequency of the screen surface, and the vibration

amplitude significantly influence both cotton seed mechanical damage and

cleaning efficiency.
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The response surface analysis showed that an increase in vibration frequency
and amplitude intensifies the separation of fine impurities due to enhanced
dynamic interaction between the cotton mass and the vibrating screen surface.
However, excessive vibration levels lead to a noticeable increase in mechanical
damage to cotton seeds, indicating the presence of an optimal operating region
rather than a monotonic improvement. This confirms that cleaning efficiency and
seed damage exhibit opposing trends when vibration parameters exceed their
optimal limits.

The adequacy of the developed regression models was verified using
Student’s t-test and Fisher’s F-test, confirming the statistical significance of the
model coefficients and the reliability of the obtained equations. The calculated
values of the Fisher criterion did not exceed the critical values at the selected
confidence level, indicating that the models adequately describe the experimental
data.

Two-dimensional response surface plots constructed at the central level of one
input factor (X; = 0) allowed a detailed visualization of pairwise interactions
between the operating parameters. These plots clearly illustrate that the optimal
combination of drum speed, vibration frequency, and amplitude minimizes cotton
seed damage while maximizing cleaning efficiency. The results confirm that correct
selection of technological parameters enables a significant improvement in the
performance of cotton cleaning aggregates without compromising product quality.

The analysis revealed the influence of the input parameters on the output
performance indicators. In particular, an increase in the peg drum rotational speed
improves cleaning efficiency; however, it also intensifies mechanical damage to
cotton seeds. In contrast, the appropriate selection of vibration frequency and
vibration amplitude ensures a balance between these two conflicting indicators.

Optimal performance was achieved at the following parameter values: peg
drum rotational speed of 400 rpm, vibration frequency of 40 Hz, and vibration
amplitude of 6 mm. The regression equations developed based on these parameter
values were found to be adequate and capable of describing the process with
sufficient accuracy, as confirmed by statistical validation.

Conclusion. The results of this study provide practical guidance for the
optimization and control of vibrating screen surface parameters in industrial cotton
cleaning units. The identified optimal values of peg drum rotational speed,
vibration frequency, and vibration amplitude enable a reduction in cotton seed
mechanical damage while maintaining high cleaning efficiency. The developed
regression-based models were statistically validated and can be applied for setting
and adjusting operating regimes of cotton cleaning machines in industrial
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conditions. Implementation of the proposed parameters contributes to improved
product quality, enhanced process stability, and increased energy efficiency of
cotton processing equipment.
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