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Abstract 

In this article, the results of the development of the cotton transportation and cleaning screw 

conveyer construction, and the justification of the screw parameters are presented. 

Characteristics of interaction with the transported piece of cotton in the movement of the 

conveyer screw and connection graphs were built. Based on the analysis of the graphs of the 

parameters, the values of the screw pitch angle that ensure sufficient cleaning efficiency and 

high productivity have been determined. 
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Introduction 

It is known that the screw conveyer contains a fixed chute, the lower part of which has the shape 

of a semi-cylinder, closed top cover, and installed inside the chute along its axis, the drive screw 

in bearings mounted on the chute. The lower working part of the gutter is made in the form of 

a mesh surface. The movement of the load along the chute is carried out by turns of the rotary 

screw [1]. 

The disadvantage of this screw conveyer design is the high energy consumption and the 

possibility of slaughtering the cargo in the chute with increased material supply. 

Another well-known conveyer contains a chute, the lower part of which has the shape of a half-

cylinder, closed on top with a lid. Annular bandages are attached to the chute in the lower 

cylindrical part, by means of which the chute is mounted on rollers with the possibility of 

oscillating the chute around its axis. The rollers rest against the end surfaces of the annular 

bandage on the gutter. The chute for the possibility of oscillation is suspended on bearings on 

the screw shaft. The cover has an inlet on the left side, and the chute has an outlet on the right 

side [2]. 

The disadvantage of this design is the impossibility of removing weed impurities from the total 

mass of the transported cotton seeds, which are released as a result of the screw movement. As 

a result, the selected weed impurities enter the technological linter machine and heavily pollute 

the resulting lint product (clap).  

The next well-known screw conveyer design contains a chute with a lower semi-cylindrical 

part, a screw installed with the possibility of oscillation around its axis, holes installed inside 

the chute along its axis, holes made in bearings fixed in the lower semi-cylindrical part of the 

chute [3]. The disadvantage of this design is the insufficient transportation of bulk material 
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(cotton, fibrous waste) due to significant deceleration of the material due to their interaction 

with the edges of the holes and insufficient friction between the surface of the screw turns and 

the transported cotton. 

In a screw conveyer containing a chute with a lower semi-cylindrical part and a lid mounted on 

top, a drive screw with a curved working surface is installed along its axis inside the chute, 

while the curved working surface of the screw turns is made in a zigzag shape. The height of 

the triangular protrusions is from 4.0 to 7, 0 mm [4]. The disadvantage of this design is the low 

effect of isolation and removal of weeds from cotton.       

It should be noted that in the existing screw conveyers during the transportation of fibrous 

materials, especially cotton, due to insufficient loosening of the material, insufficient litter is 

released. In addition, due to insufficient friction between the helical surface and the fibrous 

material, they lag behind during transportation, which leads to additional mechanical damage 

to the fibrous material (cotton and their waste). The interaction of the helical surface on the 

fibrous material occurs monotonously in one direction, with a constant moving force, which 

does not ensure the efficiency of their cleaning. The design of the mesh surface does not provide 

intensive loss of selected weed impurities through them. 

  

Development of an effective screw conveyer structural scheme 

In order to ensure the necessity of loosening the transported fibrous material and the uniformity 

and cleaning of the entire length of the screw conveyer, as well as the intensive drive, the 

structure of the screw conveyer is improved. It is improved by increasing the contact area, 

increasing the friction force, as well as changing the direction of the interaction force of the 

screw with the transported material along the entire length of the screw conveyer along the 

vibrating mesh surface. 

The essence of the design lies in the fact that the screw conveyer contains a fixed chute, the 

lower part of which has the shape of a half-cylinder, closed from above by a lid, and a drive 

screw installed inside the chute along its axis in bearings fixed on the chute. The lower working 

part of the gutter is made in the form of a mesh surface. The movement of the load along the 

chute is carried out by turns of a rotating screw, the working surface of the turns of the screw 

can be made wavy. The lower part of the chute is attached to the upper part by means of rubber 

gaskets (shock absorbers) and is divided into three parts along the length. The thickness of the 

rubber shock absorbers is made to fit in the direction of the transported material, and the holes 

of the mesh surfaces are made curvilinear, and installed perpendicular to the generatrix of the 

screw. At the same time, the radius of the holes’ curvature is made increasing in the course of 

pulling the material along the length of the screw. 
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It should be noted that in the initial area of the screw, the lint (cotton) will be less loosened, and 

at the end more loosened. Therefore, the vibration of the mesh surface in the first zone will be 

maximum due to the greater thickness of the rubber shock absorber (up to 5.0 mm), and in the 

third output zone with a minimum amplitude (the thickness of the rubber shock absorber is 3.0 

mm). The radius of curvature of the mesh openings in the first zone allows its increased area to 

remove a large amount of litter, and in the exit zone, the area of the holes decreases and allows 

the removal of the remaining litter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure - 1.  Screw conveyer 

 

The screw conveyer contains a chute 1, the lower part of which has the shape of a half-cylinder, 

closed from above by a lid 2. Inside chute 1, along its axis, screw 3 transports the material. At 

the top of chute 1, there is an inlet 4, and at the end, at the bottom, there is outlet 7. The lower 

working part of gutter 1 is made in the form of a mesh surface 8. The working surface of the 

screw (coil) 3 can be made in a wavy shape 5. The lower part 8 of the gutter is made in the form 
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of a mesh surface with curved holes 6 attached to the gutter 1 by means of rubber gaskets (shock 

absorbers) 10. In this case, the mesh surface 8 is divided into three equal parts along the length 

of screw 3, and the thickness of the rubber pad 9 is chosen to fit in the direction of material 

transportation. The curvature radius R of hole 6 is made increasing in the course of transporting 

the material. 

The design works as follows. Fibrous material (raw cotton, fibrous waste) is fed into chute 1 

through inlet 4 in lid 2 and, when screw 3 is rotated, it slides along chute 1 dragged by the free-

form working surface 5 of the rotating screw 3 to the output hole 8. The wavy surface 5 of the 

working surfaces of screw 3 acts on the seeds and cotton bats (lint) with a force of different 

magnitude and direction, which leads to additional loosening of the cotton, this allows for the 

effective separation of litter from the fibrous material (cotton). Weed impurities isolated from 

the fibrous material fall out through holes 6 of the mesh surface 8 of trough 1 and are discharged 

into the self-removal through hole 7. 

In the first of the three zones along the length of the screw conveyer, the mesh surface 8 will 

make complex oscillations with large amplitude due to the large thickness of the rubber pad 

(shock absorber) 9. This allows intensive loosening and separation of litter from the transported 

cotton (lint). In the first of the three zones along the length of the screw conveyer, the mesh 

surface 8 will make complex oscillations with large amplitude due to the large thickness of the 

rubber pad (shock absorber) 9. This allows intensive loosening and separation of litter from the 

transported cotton (lint). 

 

Analysis of the cotton piece movement on a mesh surface along the screw surface in a 

screw conveyer. 

In order to effectively separate the waste from the cotton pieces in the proposed conveyer for 

cleaning and transporting cotton pieces, the holes on the mesh surface are made curved and 

equal to the angle of the screw surfaces. It is important to determine the law of motion in the 

interaction of the cotton piece with the surface of the screw and to justify the angle of elevation 

of the screw. 

Figure 2 shows the calculation scheme for the impact of a screw on a piece of cotton. The 

calculation scheme is mainly affected by the following forces in the process of transportation 

and cleaning of a piece of cotton: Ḡ- gravity; 𝑅̅- the reaction force of the screw surface to the 

piece of cotton; 𝐹̅h- the force of airflow; 𝐹̅k- Coriolis force; 𝐹̅m.t- centrifugal force; 𝐹̅iv- the 

frictional force between the piece of cotton and the surface of the screw; 𝐹̅It- is the force of 

friction of a piece of cotton with a mesh surface; 𝐹̅I- inertial force. 

The movement of the cotton piece on the surface of the conveyer screw in the transportation 

and cleaning zone along the “X” and “Y” axes was determined using the second-order Lagrange 

equation [5, 6]: 

                                    

mp Ẍ= Fiv-FkorSinβ-FITCosα                                     (1) 

 

mp y= Fir-Fx-FkorCosβ-FitSinα-R 
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where, mp – the weight of the lint piece; β- the angle that forms the centrifugal force vector with 

the “X” axis; α- the screw pitch angle.                               

If the force of friction of the piece of cotton with the surface of the screw is considered to be 

Fir=fvR and the movement of the piece of cotton along the y-axis is zero, the following 

differential equation is formed: 

mp Ẍ=mp𝜔𝑣
2RvSinβ+fvFkor-fvK𝑉ℎ

2-fbmp𝜔𝑣
2RvCosβ-fvfT mp gSinα-ft mpgCosα    (2) 

Where, ωv- conveyer screw radial velocity; Rv- screw radius; fv, fT- coefficients of friction of a 

piece of cotton with a screw and mesh surface; Vh- air flow rate; g- free-fall acceleration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Calculation scheme representing the force vectors acting on a piece of cotton by a 

conveyer screw. 

а 

b 

a- spatial scheme    

b- top view                                                                                                                                                       
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A piece of cotton has five degrees of freedom during cleaning and transportation on a conveyer 

belt [7]. In this case, the piece of cotton does not move only in the direction perpendicular to 

the mesh surface. In order to reduce the entanglement and damage of its fibers during the 

movement of a piece of cotton, the optimal value of the α-angle is in the momentary movement, 

i.e. t→0 , It is defined when X=0; Ẋ=0; Ẍ=0. Using this condition, it will be possible to 

determine the angle of the rise of the conveyer screw, that is, the angle of impact of the cotton 

ball [7, 8]. 

In this case, the following expression emerged from (2): 

fvFkor- mp𝜔𝑣
2RvSinβ-fvK𝑉ℎ

2-fvmp𝜔𝑣
2RvCosβ-fvfT mpgSinα- fT mpgCosα=0         (3) 

It is known that a piece of cotton should not slip when it is kept on the surface of the screw and 

moved along the mesh surface. In this case, a piece of cotton remains on the surface of the 

screw. It is considered that fv=1.0 so that the cotton piece (lint) does not slip on the surface of 

the screw. According to trigonometric relations [9,10]:  

                          Sinα+Cosα=√2 Cos (
𝜋

4
− 𝛼)                                               (4) 

In this case, we create a formula for determining the angle of elevation of the screw: 

𝛼 ≤
𝜋

4
− 𝐴 

           А=arcCos[fvFkor- fvK𝑉ℎ
2 − fvmp𝜔𝑣

2RvCosβ-mp𝜔𝑣
2RvSinβ] 

1

√2𝑓𝑣𝑓т𝑚𝑝g
            (5) 

 

Numerical solution of the problem and analysis of the results.  The numerical solution of 

the expression (5) for determining the pitch angle of conveyer’s screw was carried out at the 

following initial values of the parameters [11,12]: mp=(0,15÷0,85)10-3kg; fv=(0,3÷1,0); 

fT=(0,2÷0,4); ωv=(3,0÷4,0)s-1; g=9,8m/s2; 

Rv=0,15m; tv=0,21m; αv0=30º; β=(25º÷35º); Vh=(0,45÷1,2)m/s; K=(0,2÷0,3)  

The numerical solution for determining the angle of elevation of the conveyer screw was carried 

out using the Runge-Kutta EHM program. As a result, the system parameters and screw 

diameter, angular speed, coefficients of friction of the cotton piece with the screw surface and 

mesh surface, the mass of the cotton piece, and the influence of the airflow speed on the screw 

pitch angle were obtained. In particular, Figure 3 shows graphs of the change in the angle of 

elevation of the conveyer screw as a function of the cotton piece mass and the screw diameter. 

It is known that increasing the mass of a piece of cotton makes it difficult to transport. In this 

case, it is necessary to sufficiently reduce the angle of the rise of the screw. According to the 

analysis of the obtained connection laws, when the mass of the cotton ball increases from 

0.15·10-3kg to 0.8·10-3kg and Rv=0.2m, the elevation angle of the conveyer screw decreases 

from 21.8º to 13.1º in the nonlinear connection. However, when the cotton piece weight is 

Rv=0.11m, the effect on the angle “a” increases almost parallel, and it can be seen that it 

decreases from 36.7º to 24.9º (Figure 3, Graph 4). So, the better the cotton is, the higher the 

angle of the auger should be when transporting it. 
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1-Rv=0,2m; 2-Rv=0,17m; 3- Rv=0,14m; 4- Rv=0,11m; 

Figure - 3. Graphs of the dependence of the change of the conveyer screw elevation angle on 

the cotton piece (lint) weight and the diameter of the screw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 shows the relationship between the change in the angle of elevation of the conveyer 

screw elevation angle and the change in the radial speed of the screw. 

 

1-mp=1,15·10-3kg; 2- mp =0,3·10-3kg; 3- mp =0,45·10-3kg; 4- mp =0,62·10-3kg 

Figure - 4. Graphs of the dependence of the coveyer screw pitch angle change on the change 

of the screw radial speed 

mp,10-3kg 
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Based on the analysis of the graphs, when the values of the radial speed of the conveyer screw 

are increased from 1.8s-1 to 3.5s-1 and mp=0.62·10-3kg, the values of the screw elevation angle 

α decrease linearly from 28.1º to 12.1º. Accordingly, when the values of ωv decrease to 3.5s-1 

and the cotton piece (lint) weight are 0.15·10-3kg, the elevation angle of the conveyer screw 

decreases from 32.2º to 25.3º in a non-linear connection. Therefore, the high radial speed of the 

screw shaft leads to the transportation of cotton pieces, that is, to increase productivity. In this 

case, it is required that the cotton pieces are sufficiently shredded. Recommended values: 

ωv=(2.7÷3.2)s-1, mp≤(0.15÷3.2)·10-3kg. It is ensured that the conveyer screw elevation angle is 

between (28º÷30º). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-Rv=0,2m; 2-Rv=0,17m; 3-Rv=0,14m; 4-Rv=0,11m; 

Figure - 5. Graphs of the dependence of the conveyer screw elevation angle on the friction 

coefficient of the cotton piece with the mesh surface and the change of the screw radius. 

Figure 5 shows the graphs of the dependence of the conveyer screw elevation angle on the 

friction coefficient of the cotton piece with the mesh surface and the change of the screw radius. 

Above, when determining the angle of the rise of the screw, the cotton piece is transported 

without slipping on the surface of the screw, that is, the coefficient of friction is assumed to be 

conditionally equal to one. But in the process of transportation and cleaning of cotton, it is 

important to change the coefficient of friction with the mesh surface with a curved profile. 

When this friction coefficient increases from 0.15 to 0.4, the conveyer screw elevation angle 

“α” decreases nonlinearly from 34º to 27.6º when the values of Rv=0.2m, when the screw radius 

is reduced to 0.19m, the angle “α” values decrease from 17.3º to 13.4º. Therefore, in order to 

increase the values of ft, the holes with a curved shape are made perpendicular to the direction 

of movement of the cotton pieces. Recommended values: ft≥(0.5÷0.35); When 

Rv=(0.17÷0.2)m, the values of α are ensured to be (28º÷36º). 
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Conclusion 

The design of the screw conveyer for transporting and cleaning the cotton was developed, based 

on the values of the screw parameters. Based on the analysis of the movement of a piece of 

cotton on a mesh surface with the surface of the screw in the screw conveyer, the recommended 

values of the screw rise angle have been determined. 
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