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Annotation 

Mathematical expressions representing thread deformations of three-layer belt 

elements (bushes) of yarn transfer with different components on a ring spinning machine 

were obtained, connection graphs were constructed. Based on the analysis of the obtained 

graphs, it was determined that the total displacement of the belt bushings of the thread 

conductor, that is, the deformation along the radius does not exceed (0.35 ÷ 0.95) ∙ 10−3m. 

At the same time, it is recommended that the size of the outer belt bushing is (1.15 ÷ 1.32) 

times smaller than the size of the second layer of bushings, and the size of the third (outer) 

belt bushing should be (1.35 ÷ 1.45) times smaller than the size of the bushing. 

 

When the thread of different layers passes through the conductor, its tension 

changes and affects the belt elements of the conductor. In this case, it is ensured 

that the thread protection effect is smooth due to the overall deformation of the 

interlocking thread conductor layers. In that occasion, the change in thread tension 

is sufficiently decreased. 

We study the initial priority of the three-layer thread conductor shown in Fig. 

1 [2, 3, 4]. Let's assume that the thread conductor has three layers. Its cross-section 

is shown in Figure 2 
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Figure 1. Threader with yielding element 

To learn 

,; 211122   EE  

1Eget that the conditions are true. Here  - the modulus of elasticity of the outer 

2E 21,layers;  - modulus of elasticity of the inner layer;  - shows the thicknesses of 

the layers, respectively 

 
Figure 2. The cross-sectional surface of the thread conductor 

Considering the string conductor as a shell, we believe that the Kirchhoff-Liav 

hypothesis is valid for it. We enter 𝛼1, 𝛼2, 𝑧 coordinate system for each layer. In this 

case, we accept the calculation scheme in the form of Figure 3. 
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Figure 3. Calculation scheme of a three-layer thread conductor 

Based on the Kirchhoff-Liav hypothesis, the stress-strain state of the three-

)( iii  layer shell is determined by  the formula. Therefore, at each point in the 

i isample elongation diagram  and  are constructed. In general, voltage and 

deformation are connected through the formula 

)3,2,1(3/2)9/2( 0  iEEK iiccii  ,                            (1) 

K in this formula is related to the deformation deviator as follows 
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In general, formula (1) expresses the nonlinearity between voltage and 

))1(2/(33  EGEcdeformation. It   overlaps with the expressions of the theory of 

elasticity. After the voltage and deformation are determined, the forces and 

moments will be determined. We present the geometric connections for three-layer 

shells in the form below: 
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)(),( 1211  AA )(),( 1211  RRwhere  Lame coefficients;  are the main radius of 

iAcurvature, and for a cylindrical shell they are equal to each other.  and 

)2,1(/1  iRk ii  quantities are determined from the Gauss-Kodatsi equations 
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Components of bending deformations with displacements and torsions 
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are linked by the formulas, and the following angular functions are introduced 

to determine the angular deformations: 
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When obtaining the general equations for determining the voltage-

deformation state of three-layer shells, separate equations are derived for each 

layer. Boundary conditions are then imposed on each contour. In this case, the 

order of the equations is determined by the number of layers. 

We use Lagrange's variational principle to form the equation. As a result of a 

series of mathematical transformations, we create the following system of equations 
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Components of force vector 
THSMMTTN ],,,,,[ 22112211                         (8) 

through generalized deformations associated with an expression: 

][CN  ,                           (9) 
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ijcC],[Here are   the elements of the matrix. 
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are determined from formulas. 

We assume that the displacements in the layers are respectively related as 

follows: 

1. For the upper layer 
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111 ,, wvu  represents displacements in the upper layer. 

2. For the bottom layer 
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222 ,, wvu  displacements in the lower layer. 

3. For the middle layer 
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const1Boundary conditions for  while the boundary is free 
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and etc. 

Precedence equations with respect to displacements for three-layer shells 
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will be in the form. Let's consider a three-layer shell-like structural element 

1R 2Rwith identical outer layers. We denote the radius of curvature by  and , 

respectively. Here are the formulas that determine the displacements for the outer 

layers, losing priority: 

for the upper layer [6, 7] 
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for the bottom layer 
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111 ,, wvu 222 ,, wvuwhere  are displacements in the upper layer,  are 

displacements in the lower layer. And for the middle layer we get the formulas: 
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The system of equations presented above 
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can be seen. The solution of this equation will look: 

)/sin()/sin( bynaxmAw                                      (19) 

Substituting this expression into the above equation, after certain 

mathematical transformations we obtain the formula for the critical force. 
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In this formula D-bending stiffness of the three-layer shell; B-coefficient of 

uniformity in elongation and compression; K-coefficient of singularity in the 

2Gtransverse displacement of the three-layer shell;  - the modulus of elasticity in the 

displacement of the middle layer 
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is determined from the formula. We check this expression for a minimum 
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is determined from the formula. We introduce the following definition 
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is found from the expression At an arbitrary value of m, the parameter 𝜍 is 

determined from the formula. 
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The graphs representing the interrelationship of 𝜍 and m parameters are 

presented in Figure 4. 
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Figure 4. Graphs representing the dependence of the parameter 𝝇 on m 
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As another important issue, we investigate the priority of the three-layer 

cylindrical shell. In this case, the equations characterizing the priority 
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is reduced to a system of differential equations of the first order. To do this 
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we create a system of simple, first-order differential equations defining the 

problem, including the notations: 
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This system was solved numerically with the help of "Mathcad" mathematical 
105

3 10,2;3,0;10,3;2,0;01,0  EGth program. For a numerical example, let 
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The obtained results are presented in the form of graphs in figures 6÷9, 

respectively. 

It can be seen from this that the increase in the uniformity coefficient k leads to 

a decrease in the longitudinal displacement. A similar result holds for transverse 

displacement (Figure 8). 
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4 10
5
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u2
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  

u Figure 7. Variation of displacement   as a function of  at different values 

of k 
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w8 pictures. Graphs representing the variation of displacement  as a 

function of  at different values of k 
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As mentioned above, the system (23) is solved using the Mathcad program. 

The calculation results are presented in the form of graphs (Fig. 8). To solve the 

problem, the following values of the parameters included in the system (23) were 

.10,2;3,0;10,3;02,0;01,0 105

3  EGth adopted: . Figure 9 shows the graphs 

representing the dependence of the critical force on the coefficient k. 
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N1 k( )

N2 k( )

N3 k( )

k  
h1Figure 9. Dependence of the critical force on the coefficient k ( =0.01; 

h2 h3  =0.03; =0.05), 

Figure 10 shows the graphs representing the dependence of displacements on 

the  coordinate. 
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Figure 10. Dependence of displacements 

u v w (1- z(2) = ; 2- z(3)= ; 3- z(4)= ) ( =z(1) 
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As can be seen from the graphs, displacements have an increasing character 

until the critical force is reached. After that, we calculate the displacements in the 

layers. The calculation results are shown in Figures 11-13 

0 5 10 15

1

0

ub

un

uc

x  
Figure 11. Graphs defining longitudinal displacements in layers, 

respectively, by the x coordinate 
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Figure 12. Graphs representing the variation of the concerning voltage in the 

outer layer along the x-coordinate 
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Figure 13. Graphs representing the variation of the cutting force in the outer 

layer along the x-coordinate 

Transformations in the upper layer are found in formulas 

,)2/(,)2/(, 1
1

1
11

y

w
thzvv

x

w
thzuuww BBB









  

The displacements included in these formulas refer to the displacements of the 

111 ,, wvuupper layer  and have the following form. 

.,,, 21211  uuwwuuww   

Formulas for determining displacements for the inner layer 

,)2/(,)2/(, 2
2

2
22

y

w
thzvv

x

w
thzuuww HHH









  

222 ,, wvuwhere  characterizes the displacements in the middle layer, 

respectively. 

The displacements in the middle layer are determined from the following 

formulas: 

).(
2

)(
2

1
),(

2
)(

2

1
, 21212121

y

w
tvv

h

z
vvv

x

w
tuu

h

z
uuuww ccc









  

Concerning voltage in the middle layer 

))5.0()(
2

1
( 21

x

w
thuu

h

G
xz






 
is found from the formula. 

Transverse force in the middle layer: 

))5.0()(
2

1
(2 21

x

w
thuuGQx



  

Graphs of displacement, transverse force, and concerning voltage are 

presented in Figures 14–15 

Based on the analysis of the obtained graphs, it was determined that the total 

displacement of the belt bushings of the thread conductor, that is, the deformation 

along the radius does not exceed (0.35 ÷ 0.95) ∙ 10−3m. At the same time, it is 

recommended that the size of the outer belt bushing is (1.15 ÷ 1.32) times smaller 

than the size of the second layer of bushings, and the size of the third (outer) belt 

bushing should be (1.35 ÷ 1.45) times smaller than the size of the bushing. 
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Figure 14. Graphs representing the variation of longitudinal displacements (

),, ucunub ) in layers 
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Qxand the transverse force  depending on the coordinate 

Conclusion: Mathematical expressions representing thread deformations of three-layer 

belt elements (bushes) of yarn transfer with different components on a ring spinning 

machine were obtained, connection graphs were constructed. Based on the analysis of the 

obtained graphs, it was determined that the total displacement of the belt bushings of the 

thread conductor, that is, the deformation along the radius does not exceed (0.35 ÷ 0.95) ∙

10−3m. At the same time, it is recommended that the size of the outer belt bushing 

is (1.15 ÷ 1.32) times smaller than the size of the second layer of bushings, and the size of 

the third (outer) belt bushing should be (1.35 ÷ 1.45) times smaller than the size of the 

bushing. 
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