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 Abstract. In the article, the scheme of the rubber bushing, which provides the discretizing 

zone of the spinning machines, is designed with a cylinder structure, a gasket, and prismatic 

working elements with different grooves. On the basis of theoretical studies, the formulas for 

determining the friction force in the interaction of the fiber tape with the working elements of the 

supplying cylinder were derived, and the system parameters were justified based on the numerical 

solution. 
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In the process of interaction between the supply cylinder and the fiber tape, the following 

forces are generated: cylinder gravity force, centrifugal force, rubber bush unit force, fiber tape 

unit force, friction force and reaction force. 

Figure 1 shows the computational scheme of the discretizing zone affecting the fiber tape 

with the supply cylinder [1, 2]. 

 

 
Figure 1. Calculation scheme of exposure with a composite cylinder and fiber tape 

In this scheme, the friction force between the cylinder seat (rifles) and the fiber cylinder is 

almost constant and continuous during operation. The contact of the fiber tape with the supply 

cylinder with prismatic working elements of different riffles is recommended, both the surface of 

contact with the fibers and the friction force of different riffles will change. Figure 2 shows the 

scheme of the proposed supply cylinder [3].    
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                                  b)                                          c) 

 

 

                                        

 

                     d)                                        e) 

Figure 2. Scheme of the working element with different grooves 

          From the given scheme, we consider the schemes of interaction of various corrugated 

prismatic working elements with fiber tape (Fig. 3). 

  
 

                                          а) 

             
                                              b) 

  
                                             c) 

                
                                                 

                                               d) 

a-working element with a smooth surface; b-working element with a longitudinally ribbed surface; c-

discretely located pointed fluted working element; d-serial pointed fluted working element 
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      Figure 3. Schemes of interaction of the recommended supply cylinder with various corrugated 

prismatic working elements with fiber tape 

The method of determining the frictional force on the working zones of the supply cylinder: 

According to the calculation scheme (Fig. 1), the pressure force on the fiber tape is basically equal 

to the total weight of the supply cylinder, shaft, rubber bushing and gasket [4, 5, 11]. 

𝑁 = 𝐺ум = 𝐺в + 𝐺рв + 𝐺г (1) 

Taking into account the movement of the supply cylinder, an additional inertial force, a 

rubber bushing restoring force, and a centrifugal force are added to the top (1)                          [6, 

7, 12]:  

𝐹𝑘 =
𝐺ум

𝑔
𝑧̈  

                            𝐹мк =
𝐺в+𝐺рв+𝐺г

𝑔
 (

𝜋 𝑛ц

30
)

2

                       (2) 

 𝐹т =
СрвСл

Срв+Сл
 (1 − 𝑐𝑜𝑠

𝛼

2
)    

 

here Срв, Сл – rubber bushing and fiber tape uniformity coefficients; g – free fall acceleration;  nц- 

supply cylinder rotation frequency; α – coverage angle; π =3,14; We consider that the vertical 

vibration acceleration of the supply cylinder in the mode of steady motion is zero, and in this case 

Fi=0. 

Correspondingly, the frictional forces between the working elements of the prismatic fluted 

cylinder and the fiber tape are for each option: 

𝐹1 = 𝑁(𝑓 + 𝑘1);      𝐹2 = 𝑁(𝑓 + 𝑘2) 

𝐹3 = 𝑁(𝑓 + 𝑘3);      𝐹4 = 𝑁(𝑓 + 𝑘4) 
)          (3) 

here 𝑘1, 𝑘2, 𝑘3, 𝑘4 − additional friction coefficients in the engagement of the teeth of the prismatic 

element with the feed cylinder flutes on the fiber tape. 

These coefficients are mainly determined by the ratio of the toothed surfaces to the tips of 

the prismatic fluted elements:  

                                  𝑘1 =  
𝑆𝑘1

𝑆0
;  𝑘2 =  

𝑆𝑘2

𝑆0
; 𝑘3 =  

𝑆𝑘3

𝑆0
; 𝑘4 =  

𝑆𝑘4

𝑆0
;                         (4) 

𝑆𝑘1
= 𝑙 ∙ 𝑏1;        𝑆𝑘2

=
1

2
𝑙 ∙ 𝑏2;    𝑆𝑘3

= (𝑙1 + 𝑡)𝑘 ∙ 𝑏3;   𝑆𝑘4
= 𝑘 ∙ 𝑙1 ∙ 𝑏4 

𝑆𝑘1
, 𝑆𝑘2

, 𝑆𝑘3
, 𝑆𝑘4

- mating surfaces of prismatic fluted elements of the corresponding cylinder, S0- 

total surfaces. 

Based on the Amonton-Coulon law, taking into account the friction coefficients [13, 14, 

15, 16] in the mutual movement of two surfaces, putting (1), (2), (4) into (3), the following 

expressions are formed: 

𝐹1 = (𝑓 +
𝑙 ∙ 𝑏1

𝑆0
) [(𝐺в + 𝐺рв + 𝐺г) +

𝐺в + 𝐺рв + 𝐺2
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2
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      𝐹2 = (𝑓 +
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hare 𝑏1𝑏2, 𝑏3, 𝑏4 − width of working elements; l – total length of working elements; l1 – tooth 

thickness; 𝑘 – number of teeth. 

Numerical solution of the problem and analysis of the results. The frictional forces in the 

interaction of the fiber tape with the ribbed prismatic working elements of the supply cylinders are 

expressed by the expression (5). In this case, the initial values of the parameters are obtained as 

follows: 

𝑛ц=(8,0÷21) revolutions/minute;  r=(9,0÷12) ∙10-3m;                    𝑚𝑏=(10÷25) ∙10-2 kg;  

 𝑚р𝑏=(1,5÷2,6) ∙10-2
 kg;         𝑚2=(3,0÷4,5) ∙10-2

 kg;             α=(90÷150);  

 𝐶р𝑏=(20÷30) сN/mm;             Сл=(3,5÷6,5) сN/mm;                f=(0,15÷0,205);  

  𝑙1 = 0;              𝑏1𝑏2, 𝑏3, 𝑏4=(1,8÷2,5) м;    k=(6÷8);           l=(1,8÷2,2) ∙10-2
 m;  

  π=3,14; g=9,8 m/s2.   

Based on the obtained results, the friction forces between the working elements of the 

supply cylinder and the fiber tape were calculated separately for each option, and graphs of the 

dependence on the change of the corresponding parameters were constructed. In particular, Fig. 4 

shows graphs of the dependence of the friction forces between the fluted working elements of the 

discretizing link and the fiber tape on the frequency of the cylinder rotation .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 − 𝐹1 = 𝑓(𝑛ц); 2 − 𝐹2 = 𝑓(𝑛ц); 3 − 𝐹3 = 𝑓(𝑛ц); 4 − 𝐹4 = 𝑓(𝑛ц) 

Figure 4. Graphs of dependence of the friction forces between the working elements of the 

discretizing link and the fiber tape with the cylinder gasket on the frequency of rotation of the 

cylinder 

The constructed graphs show that the frictional forces between the working elements of the 

knurled gear and the fiber tape increase nonlinearly when the frequency of rotation of the supply 

nц=10 revol/min 

F,102 

cN 
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      cylinder increases from 8.0 rev/min to 22 rev/min. Correspondingly, the friction force increases 

from 0.14∙102 s to 0.39∙102 s at (𝑙1
′ = 0) without prismatic working element riffles (Fig. 4, graph 

1). Also, when the teeth of the working element with prismatic grooves are continuous in the gear 

set (variant 4), the friction force with the fiber tape increases from 0.33∙102 s to 0.86 ∙102 s in a 

non-linear pattern. The main reason for this is that the grooved teeth penetrate into the fiber tape, 

increase the contact surface, and reduce mutual sliding. Therefore, it is desirable that the frequency 

of rotation of the supply cylinder is up to (12÷18) rev/min in order for the friction force to be high. 

In this case, the change of the friction force during the cycle is in the range of ∆Ffriction=(0.35÷0.42) 

∙102 s, the mutual separation and transfer of fibers is accelerated, and the possibility of obtaining 

high-quality yarn is created. 

Fig. 5 presents graphs of the variation of the friction force between the ribbed working 

elements of the discretizing zone supply cylinder and the fiber tape depending on the ratio of the 

rubber bushing of the cylinder and the fiber tape units [17]. 

Connection graphs are linear (Figure 5, graphs 1-4). In particular, in case 1, when the values 

of Si/Srv increased from 0.12 to 0.55, the values of F1 increased from 0.16∙102 s to 0.57∙102 s in 

a linear relationship, and for the fourth case, the values of F4 increased from 0.305∙102 s to 0. It 

was found to increase up to 85 ∙102 s (Fig. 5, graph 4). Therefore, increasing the uniformity of the 

rubber bushing of the content supply cylinder, or decreasing the density of the fiber tape, and 

decreasing the uniformity will increase the friction force. Srv≥(35÷45) s/mm to ensure that the 

friction force does not change in one cycle for cases 1-4 (0.35÷0.42) ∙102s; Sl≤(4.0÷4.5) s/mm is 

recommended. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 − 𝐹1 = 𝑓 (
𝐶л

𝐶рв
⁄ ) ;   2 − 𝐹2 = 𝑓 (

𝐶л
𝐶рв

⁄ ) ;    3 − 𝐹3 = 𝑓 (
𝐶л

𝐶рв
⁄ ) ;    4 − 𝐹4 = 𝑓 (

𝐶л
𝐶рв

⁄ ) 

Figure 5. Discretization zones of the friction force between the grooved working elements of 

the supply cylinder gasket and the variation of the friction force between the zones and the 

ratio of the cylinder rubber bushing and fiber tape units 

It is known that increasing the total weight of the system increases the effect of fiber tape, 

that is, increases the friction force. Fig. 6 shows the graphs of dependence of the friction forces of 

the contact of the prismatic working elements with the fiber tape on the system generalized weight 

values. According to the analysis of the correlation graphs, when Gum values increase from 1.1∙10 

F,102cN 

Сl/Сrv 
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      g to 1.75∙10 g, F1 values increase linearly from 0.14∙102 s to 0.31∙102 s. It is recommended that 

the total weight of the supply cylinder be in the range of (1.75÷1.85) ∙10 g in order to ensure the 

limit values of the change of friction forces in the case of one rotation of the supply cylinder [18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 − 𝐹1 = 𝑓 (𝐺ум); 2 − 𝐹2 = 𝑓(𝐺ум); 

3 − 𝐹3 = 𝑓(𝐺ум);  4 − 𝐹4 = 𝑓(𝐺ум) 

Figure 6. Dependence graphs of system generalized weight values of the frictional forces of 

the contact of the prismatic working elements with a fiber tape 

Summary. The formulas for determining the frictional forces in the interaction of the ribbed 

prismatic working elements with the fiber tape in the zones of the cylinder set with the 

recommended composition of the spinning machine were obtained. Based on the analysis of the 

constructed graphs, the recommended values of the parameters are determined. 
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