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Abstract: The article presents the scheme and principle of the effective grate design of cotton 

cleaner from a large litter. An expression is obtained for calculating the interaction time of cotton 

with grates with different radii. Graphic dependencies of the time of interaction of cotton with the 

bars with the change in the radius of the bars are constructed. The parameters of the bars, which are 

installed in the area of the cleaner with increasing radii, are justified. 
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Introduction. Maximum preservation of the natural qualities of cotton should be based on the 

perfect design of machines and equipment for the primary processing of cotton and the creation of 

working parts of machines that effectively influence cotton. The main indicator of the operation of 

cotton ginning machines is their ability to separate litter, uluk and various impurities from raw cotton, 

maximally preserving the natural qualities of the fiber and seeds. The efficiency of isolating 

impurities from raw cotton largely depends on the quality characteristics, industrial grade and 

moisture content of cotton, fiber length, residence time of impurities in raw cotton, the nature of 

adhesion of the litter, etc. 

In recent years, the requirements for the quality of cotton - fiber and seeds - have increased 

significantly. To obtain high quality cotton fiber and seeds, the issues of improving the design of the 

working parts of cotton primary processing machines, especially cotton purifiers from large 

impurities, are being comprehensively addressed. It should be noted that there are a number of studies 

on improving the designs and methods of calculating grate bars for cotton gins to remove large litter 

[1,2] .      

But the creation of highly efficient grate designs for cotton scourers from large debris, as well 

as the development of methods for calculating their operating parameters based on theoretical and 

experimental studies remain insufficient.        

New grate design . The known design of the grate for the fibrous material cleaner contains 

round-section grates located in arcuate sidewalls [3]. The main disadvantage of this design is the low 

efficiency of cleaning fibrous material, in particular raw cotton. To increase the cleaning effect due 

to the oscillations of the grate, a grate was developed, which contains a pair of sidewalls with holes 

and rod grates placed between the sidewalls, at the end sections of the axes of which elastic bushings 

are installed, located in the holes of the sidewalls [4]. The disadvantage of this design is the low 

efficiency of fiber cleaning.       

In [5], the grate bars are made with variable diameter sizes, while the grate bars are installed 

in a sinusoidal sequence of changing diameter sizes. The gaps between the grate bars and saw 

cylinders are made identical with the possibility of changing the pitch between the grate bars and the 

installation radius of the grate bars relative to the axis of rotation of the cylinder. The disadvantage 
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of this design is a large percentage of raw cotton flotation along with debris, especially at the end of 

the cleaning zone, as well as a low cleaning effect on large debris .    To increase 

the cleaning of cotton from large debris, we recommended a new design of a grate cleaner [6]. The 

essence of the design is that the grate of the fibrous material cleaner contains grates mounted in arched 

sidewalls in the form of round rods, the diameters of which are chosen to increase as the fibrous 

material is pulled through, and the diameter of the first grate is chosen to be equal to 18 мм, and the 

last one 22 мм, with d i = d i -1 +4mm/ n (where d i is the diameter of the i -th grate, n is the number of 

grates and 22 мм-18mm = 4 mm), respectively, the step between the grates is made decreasing as the 

fibrous material is pulled through, and the step between the first and second grate is chosen 60 мм, 

and the step between the last two grates is chosen equal to 50 мм, while t i , i +1 = t i -1, i -10mm/ n -1 

(where, t i , i +1 is the step between i and i + 1st grate, 60 mm-50 mm = 10mm), the gap between the 

cylinder and the grate is chosen to be the same.        

   The device contains grate bars 1 with increasing diameter and decreasing steps 

between them, a saw cylinder 2. The gap between the saw cylinder 2 and the grate bars is constant. 

In this case, the following relations were selected (Fig. 1): 

d i =d i-1 +4 mm /n; t i, i+1 =t i-1, i -10 mm /n-1; =const 

where, d i is the diameter of the i -th grate, n is the number of grates and 22 мм-18 mm = 4mm, t i , i 

+1 is the step between the i -th and i +1-th grate, 60 mm-50 mm = 10mm, - the gap between saw 

cylinder 2 and grate bars 1. 

The grate of the fibrous material cleaner works as follows. In the pulling zone (the area between 

the first and last grate bars 1), the fibrous material is captured by the teeth of the saw cylinder 2 and 

pulled along the grate bars 1, while pulsed collisions of the material occur on various cylindrical 

surfaces of the grate bars 1. At the same time, to ensure continuity of the process, the gaps between 

the grate bars 1 and the saw blade cylinder 2 are chosen constant. At the beginning of the cleaning 

zone from raw cotton, large debris will be released more than at the end of the cleaning zone and 

therefore at the beginning of the cleaning zone the step between grate bars 1 will be large, which 

allows the effective loss of debris through the gaps between grate bars 1. At the end of the cleaning 

zone of raw cotton will be more loosened and the debris contained in it will also be smaller and 

therefore, due to the reduced gap between the grate 1 and the larger diameter of the grate 1, the escape 

of cotton flakes along with the litter is significantly reduced. 

The proposed design of the grate of the fibrous material cleaner allows for an increase in the 

cleaning effect and reduces the removal of cotton flakes along with litter. 

Research results. In the process of cleaning cotton, it is important to determine the time of 

interaction of the raw cotton fly with the grate bars, especially when their sizes change. 
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1-grid bars; 2-saw cylinder. 

Fig.1. Grate for cleaning raw cotton from large debris. 

Figure 2 shows a diagram for calculating the interaction time of raw cotton fly with the grate. 

 
Fig.2. Calculation scheme for determining the time of interaction of cotton flakes with the 

grate 

From the calculation diagram (see Fig. 2) it is clear that in the zone of pulling cotton through 

the grate, the interaction of the fly occurs with an angular displacement equal to (𝜑𝑟 − 𝜑0 + 𝜔𝑡)the 

saw cylinder. 

From 𝛥O 1 O 2 we can determine 

sin ( 𝜑1 − 𝜑0 + 𝜔𝑡)
1

2
=

𝐴О1

𝐴О2
(1) 

After some transformations from (1) we obtain: 

 

t = ( 𝜑1 − 𝜑0 + 2𝑎𝑟𝑐𝑠𝑖𝑛
𝑟

𝑅+𝛥+𝑟
) (2) 

where R , r are the radii of the saw cylinder and the grate, respectively; 

Δ - gap between the saw cylinder and the grate; 

𝜑 − initial rotation position of the saw cylinder; 

𝜔- angular speed of the saw cylinder; 

t is the time of interaction of cotton flakes with the grate. 

The numerical solution of problem (2) was carried out on a PC with the following initial 

parameter values: 

r = 18 ...22 mm; R = 240mm; Δ =10…14mm; n b =280…340 min -1 . 
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Based on the results of solving the problem, graphical dependences of the change in the time 

of interaction of cotton flaps with the grate bars on the change in the radius of the grate bars were 

constructed, which are presented in Fig. 3. 

 

 
1- at n b =280 min -1 ; 2- at n b =300 min -1 ; 

3- at n b =320 min -1 ; 4- at n b =340 min -1 . 

Fig.3. Graphic dependences of the change in the time of interaction of cotton flakes on the 

change in the radius of the grate of the cotton cleaner from large litter. 

Analysis of the obtained dependencies shows that an increase in the radius of the grate leads 

to an increase in the time of interaction of cotton flakes with the grate according to a nonlinear pattern. 

Thus, with an increase from 0.85 * 10 -2 m to 1.1 * 10 -2 m at n b = 280 min -1, the interaction time 

increases from 0.33 * 10 -2 to 1.82 * 10 -2 s . At values of n b =340 min -1 of the saw cylinder, the 

interaction time of raw cotton flakes with the grate increases from 0.18*10 -2 s to 0.97*10 -2 s. 

Research has shown that in order to increase the time of interaction of cotton flakes with the 

grate, allowing an increase in the cleaning effect, it is advisable to increase the radius of the grate as 

the cotton is pulled through the working area of the cleaner. It is recommended to increase the radius 

of the grate from 0.9 * 10 -2 m to 1.1 * 10 -2 m with a decrease in the gaps between the saw drum and 

the grate as the cotton is pulled through the cleaning zone. 

Conclusions. A new effective design of the grate for removing large debris from cotton has 

been developed. An expression has been obtained for calculating the time of interaction of the cotton 

fly with the grate. Based on the analysis of the obtained dependencies, the values of the grate radii in 

the cleaning zone are recommended. 
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