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This article presents a theoretical analysis of methods for effectively controlling lint flow and 

separating impurities using newly designed mesh surfaces with barrier plates installed in the 

lint discharge section of the linter machine. The study investigates the motion patterns of lint, 

air, and impurities, evaluating the efficiency of barrier plates at various angles and lengths. 
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Newly designed mesh surfaces with barrier plates have been installed in the lint discharge 

section of the linter machine. These guides direct air and lint toward the discharge duct, 

preventing lint from passing through the mesh surface. A theoretical analysis examines the 

process of separating impurities from lint through the impact of air, lint, and impurities 

collectively striking a barrier installed at a 45° angle (Figure 1). 

 

 
 

Figure 1. Diagram of lint movement on an improved mesh surface. 

 

The movement of the lint flow resulting from the impact with the barriers, as well as the change 

in mass of impurities separated from it, is determined using motion equations [1]. 
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Figure 2. Graph of lint flow movement over time at various inclination angles of the barrier 

plate 

Figure 2 illustrates the effects of airflow on lint movement across the mesh surface and the 

impact of the barrier plates' inclination angles and lengths on the lint flow. The graphs 

demonstrate that the greater the oscillation of the lint mass, the more effectively the impurities 

are separated and discharged. The oscillatory movement of the lint remains consistent in 

amplitude across the barrier plates with varying inclination angles and lengths. The motion of 

lint over a distance AV=LAV = L is expressed to represent the flow dynamics effectively. 
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The lint flow moves along the OXZ plane under the influence of air forces. The analysis 

demonstrates how the airflow interacts with the barrier plates, resulting in the separation and 

detachment of impurities. The projections of the airflow force along the axes are determined 

to understand the dynamics of the process. 

0== yx PP ; PPz =               (2) 

We determine the motion equations resulting from the interaction of the lint flow with the 

barrier plates. 
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The laws of motion of the lines in the OXZ plane under the influence of air forces are expressed 

as follows. 
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By taking partial derivatives from equation (3), we determine the effect of the plates in 

separating impurities from the motion of the lines along the airflow. 
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Using Lagrange's first equation [3], we derive the differential equation of motion for the line 

flow under the influence of air forces. 
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We substitute expressions (3) and (4) into equation (5). 
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In the differential equation (6), we express the values of λ₁ and λ₂ in terms of the motion of 

the lines along the Ox, Oy, and Oz axes as follows. 

kzykmkzxkmgmzm cossin −+=                   (7) 

In the differential equation (7), we replace the velocity and acceleration of the lines along the 

Ox and Oy axes with the partial derivatives with respect to time from expression (3) and 

substitute them into equation (7). 
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By substituting the determined values of x′′x'' and y′′y'' from equation (7) into equation (8), 

we derive the following equation. 
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We simplify this differential equation to a more straightforward form. 
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From the differential equation (7), 
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We introduce the designation as follows. 
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We integrate using the initial conditions for the motion of the line flow on the surface, where 

t=0t = 0, z=0z = 0, and z′=0z' = 0. 

                               tbz =        
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By substituting expression (11) into equation (3), we determine the motion of the line flow 

along the Ox and Oy axes. 
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Expressions (11) and (12) represent the equations of motion of the line flow along the Ox, 

Oy, and Oz axes on the surface of the tape. We determine the influences acting on the lines 

along the axes and, through this, examine the effect on impurity detection. 


















+




=




+




=




+




=

z

f

z

f
R

y

f

y

f
R

x

f

x

f
R

z

y

x

2
2

1
1

2
2

1
1

2
2

1
1







 

Based on expression (4), 
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Based on the three equations in expression (6), 

xm =1 ym =2                 (14) 

Now, the expression (13) will take the following form. 
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We take the second-order partial derivatives with respect to time from the motion equations 

along the x, y, and z axes in equations (11) and (12) and substitute them into the respective 

expressions. 
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As a result of the motion of the line flow on the surface, influenced by air forces and obstructed 

by the plates, the equations of the forces along the OX, OY, and OZ axes are determined. In 

this case, the forces along the axes play a significant role in the separation of mixed impurities 

[4]. The analysis of the effects of these forces is presented in graphical form using the Maple 

software. 
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Figure 3. The graph of the change over time of the force acting on the line flow along the 

OX axis at different tilt angles of the obstructing plate. 

 

From the analysis of the graphs in Figure 3, it should be emphasized that when expressing the 

motion of the line flow under the influence of air forces, the components of the forces along 

the axes play a significant role in effectively separating impurities from the lint. The effects of 

these forces on the trajectories of the flow are presented [8]. The values of the forces along the 

coordinate axes and their influence on both the line flow and the obstructing plate show that 

the force values do not significantly decrease as the tilt angle of the plate changes. This is 

illustrated in the graphs, which, in turn, leads to an increase in the impact of the line flow on 

the plates and an improvement in the efficiency of impurity separation [9]. 
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