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Abstract
The theoretical study of the process of the movement of the thread, which is deformed in the contact zone with the guide, from the point of view of determining the speed, is of great importance for solving a number of specific applied problems. When determining the speed, it was assumed that the start of the Lagrangian and Euler coordinates coincided. Taking into account that the crumpling of the thread in the contact zone occurs at forces much lower than the forces required to stretch the thread, the thread was considered as non-extensible. To determine the law of the distribution of the speed of the points of the thread, an independent vector, which is always connected to the main triangle, was introduced into consideration. The relationship between the vector of total curvature and the vector of absolute angular velocity is obtained. The obtained values ​​of the speed at an arbitrary point of the axis of the thread as a function of the deformation vector, which determines the degree of twisting of the thread in the contact zone. The obtained results can be used to study various technological processes in the sewing, knitting, and textile industries, where the movement of the thread takes place along the guide surface of great curvature.
Keywords: speed, thread, thread cross section deformation, large curvature, arc coordinate.
Introduction. The interaction of the thread with guiding surfaces and working elements of large curvature, which include knitting needles, holes of heald frames in weaving looms, leads to a change in the position of the thread axis in the deformation zone [1, 5, 11]. The rate of change significantly affects the normal progression of technological processes [2-5, 9]. As the degree of compression in the contact zone increases, the rate of change in the actual wrap angle also increases [6, 8-12]. Both of these properties are inherent to real yarns and composite threads processed on large-diameter circular knitting machines [7, 11]. Research on determining the speed of points on the thread axis in the deformation zone should contribute to a broader understanding of the processes occurring in the contact zone of the thread with guiding surfaces of large and small curvature, thread guides, devices, and compensators for tension and its stabilization [1-4].
Considering the speed of modern knitting and textile equipment, it has been proven that the rate of change in the position of the thread axis points in the contact zone with the guide of large curvature significantly affects the thread tension after the guiding surface [5, 9]. The obtained dependencies of the thread axis points' speed on time and arc coordinates are used to determine the acceleration of the thread axis points. The stiffness in bending and compression in the contact zone with the guide depends on the amount of thread twist [11]. High-twist threads and yarns have high bending stiffness and a low degree of deformation in the contact zone, while low-twist threads and yarns have low bending stiffness and a high degree of deformation in the contact zone [3].
The purpose of the article. Determination of the speed of thread axis points considering cross-sectional deformation in the contact zone with the guide of large curvature.
Results.
Let's use the ratio
	
	
	(1)


Differentiating the vector equation (1) with respect to time, we obtain
	
	
	(2)


where V* - point velocity А*; V - point velocity А.
To determine the projections of the velocity vector V* onto the axes of the fixed coordinate system 01XYZ, it is necessary to scalar multiply the vector equation (2) by the corresponding unit i, j, k. We obtain
	
	
	


where
	
	
	


To determine the law of distribution of velocities and accelerations of the thread points, an independent vector Р is usually introduced. If this vector is consistently associated with the axes τ, n, b of the principal trihedron, then the partial derivatives with respect to time and arc length will be equal to
	
	
	(3)


and the local derivatives, in this case, are equal to zero.
If the vector Р, which can have an arbitrary physical nature, changes its orientation relative to the axes of the principal trihedron, then expression (3) will take the form
	
	
	(4)


where 	- the corresponding local derivatives.
Then, taking into account (1)–(3), the system of equations (4) for the velocities of the points on the axis of the deformed thread will have the following expressions
	
	
	(5)

	
	
	(6)


where
- components of the total curvature vector, ; ψ* - the value of the Saint-Venant angle at the point А*; V*τ, V*n, V*b - the corresponding projections of the velocity vector V* onto the axes τ*,n*, b* of the principal trihedron; ω1, ω2, ω3 - the corresponding projections of the angular velocity vector ωe​ of the thread element onto the axes of the principal trihedron (taking into account the angular velocity of the deformation twist).
The system of differential equations (5) allows for determining the law of change of the velocity V*as a function of the arc length coordinate S.
The relationship between the total curvature vector Ω and the absolute angular velocity vector ωe​ will be determined from the differential equation.
	
	
	(7)


Considering that
	
	
	(8)


and
	
	
	(9)


In the projections onto the axes of the principal trihedron, expression (7), taking into account (8)–(9), will take the form
	
	
	(10)


To determine the relationship between the projections of the velocity vector V* and the absolute angular velocity vector ωe ​, we will use the following relationships
	
	
	


Solving the last vector equation, we obtain
	
	
	(11)


Scalar multiplying the right side of equality (11) by the unit vectors τ*,n*, b* and equating the right sides of the corresponding equations (5), we obtain a system of differential equations ('speed conditions') that describes the motion of threads taking into account the deformation in the contact zone
	
	
	(12)


Solving the system of differential equations (12) must be done taking into account (5) and (10). Integrating this system of equations is greatly facilitated by using numerical methods when solving it on a computer.
Conclusions: The velocities of the points on the thread axis were determined, considering the cross-sectional deformation in the contact zone with the guide of large curvature
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