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Abstract
During the research, the main components of the curvature of the axis of the thread were determined, taking into account the deformation of the section in the contact zone with the guide. Irregularity of the geometric dimensions of the cross-section of the thread along the length and the input tension over time significantly affect the value of the tension of the thread after passing through the guide. At the same time, the speed of thread movement is important. When the speed of movement increases, the values ​​of dynamic loads in the zone of interaction of the thread with the cylindrical guide surfaces of large and small curvature, thread guides, increase. The dependences of the output tension of a complex thread or yarn on the radius of curvature of the guide surface of a large curvature are established, taking into account the input tension, the angle of coverage, the type of raw material, the ratio of the radius of the cross section of the thread and the inner radius of the guide, bending stiffness, deformation in the contact zone, nonlinear dependence of the coefficient of friction.
Keywords: main components of curvature, thread, deformation of thread cross-section, curvature of guide surface, tension.
Introduction. This theoretical study should contribute to a broad elucidation of the processes that take place in the zone of thread contact with guide surfaces of large and small curvature, thread guides, devices and compensators for tension and its stabilization [1-4, 5-8]. The main factor that affects the increase in tension is the angle of coverage of the guide. In real conditions, the actual value of the angle of coverage of the guide thread by the thread will depend on the bending stiffness of the thread and the degree of its crumpling in the contact zone [5-8, 11]. When the bending stiffness of the thread increases, the real coverage angle will be smaller than the calculated one, which is determined without taking into account the physical and mechanical characteristics of the thread [7-10, 12]. When the degree of crumpling in the contact zone increases, the real coverage angle will be greater than the calculated one [2, 3]. Real yarns and complex threads, which are processed on circular knitting machines of a large diameter, have both of these properties [3, 8, 11].
The amount of bending stiffness and crumpling in the contact zone with the guide depends on the amount of twist of the thread. High-twist threads and yarns have high bending stiffness and a small degree of deformation in the contact zone and conversely low-twist threads and yarns have low bending stiffness and a large degree of deformation in the contact zone [2, 11].
The purpose of the article. Determination of the main components of the curvature of the axis of the thread, taking into account the deformation of the section in the zone of contact with the guide.
Results.
Let us determine the curvature of the axis of the twisting thread, for which the unit orthos of the main trihedron at point A* will be represented in the form
	





	
	(1)


where α, β, γ - projections of the rotation vector ξ on the axis of the main trihedron Aτ0 n0 b0.

The displacement vector of the thread axis point S, characterized by the Euler coordinate S, will be presented in the form of projections
	

	
	(2)



where Uτ, Uν,  Uβ - projections of the vector on the axis of the main trihedron.
Solving the system equations (1) and (2) together we get
	

	
	(3)


The first derivatives of unit orthos with respect to the arc coordinate can be represented as vector products
	



	
	(4)



where  - vector of total curvature the value of which can be determined through the main components of the curvature of the axis of the thread at an arbitrary point 
	

	
	(5)


where
	



	
	(6)


ρ01 - the radius of curvature of the geometric twist of the axis of the thread; ψ0 - corner of Saint-Venant.
Let us solve together (4) і (5)
	



	
	


Substituting the obtained result into the expression we get
	
 
	              (7)


Equating the right-hand sides of equality (7) and the first equation of system (1) we project the resulting expression on the axis of the main trihedron for which we successively scalarly multiply it by unit orthos τ0, n0  і   b0
	





	
	(8)


	The resulting system of equations (8) is called a condition on displacements (by analogy with conditions on velocities and accelerations).
We differentiate the vector equation (8) along the arc coordinate S (we take the Saint-Venant angle to be zero, i.e. the normal coincides with the main normal to the surface).
	

	
	(9)


	We equate the left parts of the obtained equation (9) and the second equation of the system (1). We scalar multiply the left and right parts by the unit ort n0
	

	
	(10)


The obtained expression determines the value of the curvature of the axis of the thread taking into account the deformation of the cross section in the contact zone with the guide. The analysis of the obtained expression shows that the curvature of the axis of the thread consists of two components: ρ0-1 - geometric curvature (without taking into account wrinkling) and the curvature component due to the deformation of the cross section of the thread. 

If we neglect the projection of the vector  onto the tangential axis (Uτ=0) and assume that the thread is located in the tangential plane (Uβ=0), then 
	

	
	(11)


To determine the radius of gyration ρ*1 of the axis of the thread, we use the dependence for the main component of curvature and torsion of the axis of the thread taking into account formulas (1) we obtain 
	

	
	(12)


Solving the third equation of system (12) in conjunction with (8) and (10) we have
	

	
	


If in the last equality we consider the Saint-Venant angle equal to zero then
	

	
	(13)


If the thread is located in the tangent plane we get
	

	
	(14)



Conclusions. The main components of the curvature of the thread axis are determined, taking into account the deformation of the section in the contact zone with the guide. 
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