Improvement of the design of shaking and cleaning equipment based on efficient energy use
Urozov Mustafokul 1,a), Davron Jurayev2, Kamola Rustamova3, Xumoyiddin Abdurashidov4, Bakhtiyor Karshiev1
1 Cotton industry scientific center joint-stock company, Tashkent, Uzbekistan
2Termez state university of engineering and agrotechnologies, Termez, Uzbekistan
3Termiz state university, Termez, Uzbekistan
a) Corresponding author: urazov.mustafo.81@mail.ru
Abstract. The supply mechanism of the shaking-cleaning equipment used in wool enterprises, as well as the elimination of fiber clogging, the prevention of fiber winding around the supply roller, and the improvement of fiber transfer efficiency, face several design issues. Specifically, certain parts of the equipment between the shaking-cleaning drum with pins and the slatted grid are inconveniently designed, which negatively affects the operational efficiency of the equipment and the quality of the fiber. These shortcomings have been found to cause a significant decrease in economic efficiency. Furthermore, fiber processing in the shaking-cleaning equipment increases energy consumption due to the added complexity of the process.
[bookmark: _Hlk180432501]INTRODUCTION
The increasing global demand for natural textile fibers requires the study of wool processing techniques and technologies. Therefore, many researchers worldwide have conducted and continue to conduct scientific studies aimed at improving the wool shaking-cleaning process.
The quality of wool fiber and the products derived from it largely depends on the cleaning process. Effective cleaning methods are necessary to ensure the high quality of locally produced coarse wool. The process of removing impurities from wool fiber plays a crucial role in its subsequent processing and preparation for consumption. The characteristics of local coarse wool are significant during processing, as its high crimp, softness, and durability provide additional quality benefits.
Wool has a complex histological structure, consisting of branching and non-uniform cells due to its epidermal origin. Wool fibers have a porous structure that provides high thermal insulation for woolen garments. The fibers are composed of overlapping scales, which create friction between fibers and contribute to the strength and coarseness of the wool.
Factors determining wool fiber quality include its degree of cleanliness, elasticity, and coefficient of friction. When fibers are cleaned from impurities, a significant improvement in their quality is observed.
The following methods are used for cleaning local wool fiber:
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In the mechanical cleaning of wool, vibrational systems in the drum enable the separation of impurities through oscillations. The intensity and frequency of vibrations in the pinned drum play a crucial role in improving cleaning efficiency. Such systems help reduce energy consumption while increasing the speed of the process. The design and operating principle of the pinned drum determine its effectiveness. Inside the drum, the pins mechanically act on the wool fibers, removing impurities. Variations in the drum’s size, shape, materials, and internal structure can enhance and accelerate the cleaning process.
Numerous studies have been conducted to improve the design and operating principles of the pinned drum in wool shaking-cleaning equipment. These include proposals for additional cleaning and fractional dust removal in the shaking machine. Furthermore, paired pins have been installed side by side on the shaking drum to increase cleaning efficiency. 
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FIGURE 2. Five-drum shaking machine proposed by S.A. Noskova
1 – raw material feed section; 2 – slatted drums; 3 – grate grid; 4 – chamber for foreign impurities; 5 – outlet for cleaned wool; 6 – dust exhaust pipe.

In scientific research, a new machine for wool shaking was proposed (Figure 1). The machine utilized five slatted drums arranged in two rows. It was suggested to place two additional drums with horizontal slats under three horizontal slatted drums to carry out the shaking process. However, due to the absence of a supply mechanism in this machine, achieving effective cleaning was not possible. The supply mechanism plays a critical role in the shaking process.
In the machine, six shaking drums were installed at an incline, and the wool was lifted from bottom to top with the help of pins on the drum, producing the shaking effect. Condensers separating fiber from dust and air were installed between the cleaning devices. The drawbacks of this machine include fiber damage due to the large number of shaking drums, high energy consumption, and occasional fiber loss in the condensers.
For local coarse wool, mechanical cleaning efficiency was improved by increasing the number of pins on the drum from 44 to 66 and the number of rows from 8 to 12, which eliminated the dead zones in the working chamber. Additionally, the pins were refined to a smooth cylindrical shape; however, this modification did not achieve the expected results
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FIGURE 3. Appearance of the pinned drum and pins in the wool shaking-cleaning equipment; 
1 – shaft; 2 – key; 3 – fastening part to the housing; 4 – bushing; 5 – drum; 6 – pins

At present, it is necessary to determine the mechanical resistance, quality level, and the amount of impurities in local wool fibers under different climatic conditions, and to design new equipment and constructions based on these indicators. A thorough study and scientific research of the wool shaking-cleaning process is an urgent task.
The improved inclined pinned-drum wool cleaner reduces the resistance forces acting on the pins during the cleaning process by gently penetrating the fiber clusters. By tilting the pins at an angle of 25 degrees relative to the radial axis, occurrences of pin breakage and backward bending during the shaking-cleaning process are minimized (Figure 3).
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FIGURE 4. Kinematic diagram of the improved inclined pin system.

This, in turn, reduces the load on the pinned drum and increases cleaning efficiency. 
We determine the force exerted by the fibers along the surface of the pins (Figure 4).
                                                                                            (1)
Here,  - Arc length of the pin surface (of the inclined pin);  - force acting on the pin surface,  - Distributed force exerted by the wool fiber flow on the arcuate pin surface. 
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FIGURE 5. Diagram of forces acting on fibers along the surface of the inclined pin.


We determine the projections of the force exerted by the fibers on the arcuate pin surface along the OX and OY axes. Here, - Component of the pressure force of the fibers on the arcuate surface along the OY axis,  - Component of the inclined pin along the OX axis [19-38].
                                                                               (2)
The pressure force in the waste, separated along the arcuate surface of the wool fibers, is expressed as follows.
                                                                            (3)
(2) We express the action of the fibers on the surface of the inclined-pointed pin along the OX axis in the equation (3).
                                                                    (4)
(4) In equation  va  Forces at the point of separation from the surface of the inclined pin, respectively ,  Force contributing to the pressure force.
In the same manner, we express the equation for the separation of the fibers along the OY axis for the pressure force.
                                                                               (5)
In equation (5), we substitute the force from equation (2) and perform the calculation.
                                                           (6)
By summing equations (4) and (6), we express the total effect of the forces acting on the fibers during impurity separation as well as the forces on the surface of the inclined pin. 

Here:

                                                         (7)
(7)  -We integrate equation (7) along the arc length of the inclined pin surface.
                                                                       (8)
Equations (8) describe the separation of impurities from fibers along the surface of the inclined pins during their movement. The components of the pressure force have been analyzed graphically using the Maple software.
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FIGURE 6.  Graph of the time-dependent variation of the arcuate tooth’s inclination angle at different values during the movement of fibers on the surface of the inclined pins and the separation of impurities.


[image: ]

FIGURE 6.  Graph of the time-dependent changes in the inclination angle of the arcuate tooth at various values during the movement of fibers on the surface of the inclined pins and the separation of impurities

Obstacles arising in the movement of wool fibers during cleaning from impurities under the action of inclined pins require additional time and increase energy consumption. Theoretically, in the separation of impurities from fibers, the pinned drum plays an important role in directing the impurities along the surface under the influence of the inclined pins. Specifically, the pinned drum ensures that the separated impurities are removed rather than rejoining the fiber flow being cleaned, thereby preventing contamination and increasing cleaning efficiency (Figure 7). 
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FIGURE 7. Scheme of the movement of the fiber flow on the surface of the improved inclined pins under the action of external forces

Here:

- Weight force of the fiber bundle; 
- Coriolis force; 
 - Centrifugal force; 
 -normal pressure; 
 - frictional force; 
- Air resistance force;  
In the presented scheme, the normal pressure is equal to . 
CONCLUSIONS
The supply mechanisms are among the most important and complex components of wool shaking-cleaning equipment. These mechanisms are crucial for ensuring a continuous and uniform supply of fibers to the machine, as well as for the proper distribution of energy and time during operation. In the shaking-cleaning equipment currently used in enterprises, the supply mechanism lacks adequate support for the working parts, which negatively affects the operational efficiency of the equipment, the quality of the fibers, and leads to a significant decrease in economic efficiency.
Research has examined the advantages and disadvantages of different methods for installing supply mechanisms, leading to the selection of the inclined and bunker-type systems. By installing the supply rollers at a 70° angle relative to the equipment, energy efficiency is improved. Additionally, doubling the diameter of the equipment accelerates fiber flow and enhances economic efficiency.
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