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Abstract
The values of the position vectors and unit tangents have been determined by research, defining the positions of points on the axis of the deformed thread using Eulerian and Lagrangian coordinates. The position vector defines the point's position on the line relative to the moving coordinate system. It determines the point's position on the line relative to the stationary coordinate system. Consequently, when the thread is displaced, the point moves to a new position. The new position vector defines the point's position on the line. The displacement vector of the point on the thread axis characterizes the shift of points due to deformation at the thread intersection. This has made it possible to use these theoretical relation at the initial stage of designing the technological process to derive equations for determining thread tension in the fabric and knit forming zone, reduce thread breakage rates, and enhance the quality of the finished products.
Keywords: thread, deformation, radius vector, Eulerian coordinate, Lagrangian coordinate.
Introduction.   Improving technological processes in the light and textile industries should be based on comprehensive studies of the interaction processes between threads and surfaces with small curvature [1-2,6, 7-12]. The interaction of threads with cylindrical guiding surfaces is encountered in many textile and knitting processes [3-5]. This interaction can be subdivided into interactions with surfaces of large and small curvature. The interaction of threads with cylindrical guiding surfaces of constant curvature is widely encountered in the knitting and weaving industries, involving relative motion between the guides and threads [1, 7-9]. Deriving theoretical relation will allow us to obtain equations for determining thread tension in the fabric and knit forming zone, reducing thread breakage rates, and improving the quality of finished products [1]. Many studies do not account for the nonlinear dependence of force and friction coefficient when deriving final equations [7, 8]. This leads to significant discrepancies between theoretical and experimental dependencies, making it impractical to use the former for specific calculations.
The purpose of the article.  Definition of the position vectors and unit tangents determining the point's location on the axis of the deformed thread for Eulerian and Lagrangian coordinates.
Results.
The tension arising at any cross-section of the thread can be represented by the principal vector Po and the principal moment Mo, which are applied at the center of tension of the cross-section. The collection of infinitely many such points for each of the cross-sections forms the axis of the thread. During processing on the technological equipment, interaction with guides leads to a change in the shape of the thread axis, resulting in changes in its curvature and torsion. Deformation of the transverse cross-section of the threads occurs during displacement, causing a shift in the center of tension of the cross-section. Therefore, in the contact zone with the guide, there is a change in the position of the thread axis relative to the line defining the shape of the thread axis under displacement. This displacement leads to an increase or decrease in the radius of curvature of the thread axis depending on the physico-mechanical characteristics of the guiding surface. Additionally, when deriving the differential equilibrium equations for the infinitesimal element of the displaced thread on the guiding surface, it is necessary to know the law governing the change in the curvature of the thread axis depending on the deformation of the cross-section.
For the investigation, we choose the thread model of the 1st modification. We assume that the material of the thread fills the entire volume without voids, uniformly, and the thread can stretch. At the initial moment in time, the thread is undeformed, so the cross-section can have a circular, elliptical, or stadium-like shape.
To describe the shape of the axis of a crumpled thread, it is necessary to introduce three coordinate systems. Two systems are movable: the natural trihedron τ*ν*β* and the principal trihedron τ*n*b*. The fixed coordinate system О1XYZ is formed by the intersection of the X, У, Z axes, the directions of which are determined by the unit orts i, j, k. The tangent axis τ* of the natural trihedron is obtained by intersecting the rectifying and tangent planes. The normal axis ν* is directed towards the center of curvature and is obtained by intersecting the normal and tangent planes. The binormal β* is obtained by intersecting the normal and rectifying planes. The normal axis n* of the principal trihedron τ*n*b* is directed perpendicularly to the guiding surface at a given point. In general, the normal n* of the principal trihedron and the normal ν* of the natural trihedron do not coincide. The angle between them ψ is called the Saint-Venant angle. The same angle will be between the binormals of the principal and natural trihedrons. The position of an arbitrary point A* on the thread axis can be determined by the Lagrangian (physical) arc coordinate S0 and the Eulerian (geometric) arc coordinate S . The relation between them can be represented as
	
,
	
	(1)


where ε is the relative deformation during stretching.
The position of an arbitrary point on the thread axis is determined using the corresponding radius vectors drawn from the origin of the fixed coordinate system. We will assume that the reference points of the Lagrangian and Eulerian coordinates 0 і 00 are coincident. The position of points А0 and А on the axis of the undeformed thread will be determined by the coordinates S0 and S, respectively, with the condition that (S=S0)t=0.
The radius vector R0 determines the position of point А0 on the S0 line with respect to the coordinate system О1XYZ. The radius vector R determines the position of point А0 on the S line with respect to the fixed coordinate system. As a result, when the thread is crumpled, point А(А0) moves to a new position. The new radius vector R0* will determine the position of point А0* on the S0 line, and the radius vector R* will determine the position of point A* on the S line. The vector between points А and A* will be denoted as U . This vector characterizes the displacement of points due to the deformation of the thread cross-section.
The vector expressions for determining the positions of points A0* in Lagrangian coordinates S0, t and A* in Eulerian coordinates S, t will have the form
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	(2)


By differentiating equation (2) with respect to the corresponding arc coordinates, we obtain a formula
	

  ,
	
	


where[image: ]   is the unit tangent ort of the moving natural trihedron in Lagrangian coordinates S0, t;
[image: ]  is the unit tangent ort at point А0 of the undeformed thread axis;
[image: ] is the unit tangent ort of the moving natural trihedron in Eulerian coordinates S, t; 
[image: ] - is the unit tangent ort at point А of the undeformed thread axis.

The obtained equations allow establishing the relation between unit vectors in different coordinate systems. Taking this into account, the final vector equations will take the next form
	

  .
	
	(3)


Taking into account expression (1), the relation between tangent points in Lagrangian and Euler coordinates will have the next form
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Solving equations (3) and (4) together, we get
	


	
	


Accordingly, we project the unit coordinates τ0 and τ* on the axis of the fixed coordinate system, taking into account the expression (4), we can present the projections in the following form
	











	
	




(5)


Conclusions. The values of the radius vectors and unit tangential orts that determine the position of a point on the axis of the deformed thread for Eulerian and Lagrangian coordinates are determined.
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