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Abstract: The article provides detailed information about the elevator designed for transporting raw cotton, seeds and waste at cotton ginning plants. At the same time, in order to reduce damage to cottonseeds, an improved elevator design was developed. The movement of grains ejected from the elevator buckets moving vertically during the delivery of grains from sawn gins to linters in cotton ginning enterprises was theoretically studied, and it was determined that mechanical damage to the grains occurred as a result of the ejected grains hitting a metal surface (roof). Based on the analysis conducted on the basis of theoretical research, the values of the grain flow velocity in the OX and OY axes at different speeds of the bucket conveyor were determined. 
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INTRODUCTION
Elevators are used in cotton ginning plants for vertical transportation of cotton, seeds and production waste.
Currently, EXS elevators are designed for vertical transportation of cotton, seeds and waste, and are equipped with a combed belt (for cotton transportation) or a scoop belt (for seed or waste transportation). The elevator consists of a head, a shoe, a drive unit, a set of pipes, a combed belt (for cotton transportation) or a scoop belt for seed and waste transportation [1].
Elevators are also used in other production conditions of industrial enterprises, where they are used for vertical, horizontal and mixed (vertical and horizontal) transportation of products [2].
In the design proposed by the author [3], in order to prevent damage to cotton during its transfer to the technological process, a TP-type transporter-supplier was proposed and an additional PLA-type receiving-transmitting device was prepared.
The authors [4] determined the parameters of the receiving-discharging bunker and proposed to reduce it to 0.4 m above the receiving bunker.
Currently, vertical elevators are used in cotton ginning enterprises to transport raw cotton, seeds and waste.
For transporting seeds and other waste to a height of 3640–25160 mm, ES-14M seed elevators and ES-14S waste elevators are used. The designs of these elevators are similar to those of the EX-15M1 elevator, with the following differences: the belt width is 350 mm, rubberized, four-layer, with two rubber coatings and 7 buckets with a capacity of 1.5 L are installed on it, per 1 meter. The ES-14S waste elevator belt is equipped with comb-shaped buckets [5-9].
The EX-15M1 cotton elevator is designed to transport cotton vertically to a height of 4130-18130 mm.
A theoretical analysis of the effect of the belt on seeds in different elastic elements in reducing the damage caused by the impact of the seed flow from the bucket elevator on the oscillating belt is presented (Fig. 1).
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FIGURE 1. Scheme of movement under the influence of seeds on a vibrating belt

The external forces resulting from the action of the seeds on the vibrating belt are as follows  - the vibrating force of the tape,  бу ерда  is equal to,  - the coefficient of friction, m - is the grain mass, N - is the pressure force, F - is the drag force of the grains on the belt surface, G=mg is the weight of the grains, N  - is equal to m⋅g⋅sinα, G - is the weight of the grains

In studying the damage caused by the impact of the grain flow transmitted from the belt conveyor on the vibrating belt, we determine the differential equation of motion on the vibrating belt.
The belt conveyor is installed at an angle α, and as a result of the impact of the grain on the Ox and Oy axes at a distance l_0, the projections are determined as follows (Fig. 2).
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FIGURE 2. Scheme of movement of seeds on a vibrating belt 

                                                                             (1)
Now we construct the differential equation of motion resulting from the impact of the seed on the oscillating belt.
                                                                  (2)
(2) we calculate by substituting the forces acting on the above input into the differential equation

 				  (3)
We integrate equation (3) twice.
                                             (4)
We use the initial condition to determine the integral constantc c1 from equation (4).
            
we put the determined integral constant in equation (4).
              	                           	(5)
Let's integrate equation (5) again over time.
    			(6)
Equation (6) was derived from the equation of motion of the impact of the grains on the vibrating belt. Here  - is the displacement of the belt by how many mm, m - is the mass of the grain, g  - is the acceleration of free fall,  - is the initial velocity of the grain, c - is the coefficient of elasticity of the belt, c  - is chosen for rubber.
The notation equal to   is introduced. The following values ​​of the parameters were introduced in the calculations: m = 2.5 g, g =9.81 m/s, = 1.6 m/s.
The graphs were analyzed using the Maple program (Fig. 3, 4). 
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FIGURE 3. The units of impact of seeds on the belt conveyor are different 1-c1= 200 kg/mm,
2- c2=500 kg/mm, 3-c3=800 kg/mm time-dependent graph.
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FIGURE 4. Time-dependent graph of the movement of grains on a belt conveyor at various inclination angles 
,    ,    
From the above graphs, it can be seen that the reduction of the belt conveyor's stiffness coefficients due to the impact of grains at a value of с1=500 kg/mm and the inclination angle at which the vibrating belt is installed at a value of α2=350 resulted in a reduction in the impact force of grains on the belt.
In the next step, we determine the differential equation of motion along the axis of the Moon as a result of the impact of the grain.
 				   	(7)
                   	(8)
We integrate equation (8) twice with respect to time. As a result, we determine the equation of motion along the Moon's axis as a result of the impact of the grains on the vibrating ribbon. If y=0 in the initial conditions,

 					(9)
We analyze equation (9) graphically using the Maple program (Fig. 5).
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FIGURE 5. Time-dependent graph of the slope angle at different values ​​of the seed impact on the vibrating belt: 
, ,-  

The dynamics of the analysis of the failure state of the vibrating belt under the influence of a grain flow at different values ​​of the modulus of elasticity is presented. The differential equation of state of the vibrating belt under the influence of a grain flow is presented.
                                                              (10)
The dynamics of the analysis of the failure state of the vibrating belt under the influence of a grain flow at different values ​​of the modulus of elasticity is presented. The differential equation of state of the vibrating belt under the influence of a grain flow is presented.
                                                                    (11)
We calculate the homogeneous part of the equation (11).
                                                                                      (12)
We calculate the solution of the homogeneous equation (12) in the following form
 from this   identify solutions     ;  
                                                                (13)
(13) represents the general solution of the homogeneous part of the equation.
We look for the particular solution of the differential equation (10) in the following form.
          			      (14)
We take the first and second derivatives from equation (14), substitute them into equation (10), and equating the corresponding coefficients, calculate
          			   (15)
We put equation (15) into equation (10).
           		(16)
We determine the values ​​of constants by equating the corresponding coefficients of equation (16).
    from this       

We look for a specific solution as follows
                            			(17)
We present the general solution of the equation of motion in the action of seeds on a vibrating belt
          (18)

The following values of the parameters were included in the calculations: m = 2.5g, g =9.81 m/s, υ_0=1.6 m/s.
The graphs were analyzed using the Maple program (Figure 6).
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FIGURE 6. Time-dependent graph of the effects of the elastic force of seeds on the vibrating belt at different values: 
1-с1= 200 kg/mm, 2- с2=500 kg/mm, 3- с3=800 kg/mm
CONCLUSIONS
1. The movement of grains ejected from the elevator buckets was theoretically studied. According to it, mechanical damage to the grain is observed as a result of the ejected grains hitting the metal surface (roof).
2. The movement of grains in a bucket elevator was theoretically analyzed. In the theoretical studies, the values of the grain flow velocity in the OH and OU axes at different speeds of the bucket conveyor were determined. According to it, the grain flow velocity along the OH axis decreases over time, i.e. at a speed of ϑ_01="12m/s" after 0.6 s, the grain velocity reaches 4 m/s, at a speed of ϑ_02="16m/s" up to 7 m/s, and at a speed of ϑ_03=20"m/s" up to 9 m/s, and then the grain velocity increases.
3. In reducing the damage caused by the impact of the seeds on the different uniformity coefficients of the belt conveyor belt, the impact force of the seeds on the belt was reduced at the value of s1=200 kg/mm ​​and the slope angle of the belt conveyor at the value of α2=350.
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