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KINEMATICS OF THREADS COOPERATES WITH THE GUIDING SURFACES OF ARBITRARY PROFILE
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Annotation
The goal. Defenition of velocity and acceleration of thread axis points, deformable transversely in its interaction with the guide surfaces of arbitrary profile.
Methods. The research based on the use of elements of theoretical mechanics, differential geometry, vector analysis, of threads mechanic.
Scientific and practical results. The improvement of many textile technological processes and garment industry should be based on theoretical and experimental research of the interaction of the threads with the working bodies of the process equipment. The theoretical study aims to determine the form, velocity and acceleration of axis points, deformable transversely in its interaction with the guide surfaces of arbitrary profile. The results can be used to improve technological processes and equipment in the garment and textile industry.

Keywords: the guide surface, speed, acceleration, the cross-sectional deformation, radius of curvature.
From the point of the velocity and acceleration determining, theoretical research of the process of wrinkled thread movement has great importance for the solving of a number of specific tasks. The results may be used in order to study different sewing processes of knitting and textile industries. There is a movement of the thread on directing surface of the large curvature in such industries.
Let us turn to the definition of velocity and acceleration of axis points of wrinkle thread. The 1st pic. shows us the computational scheme. Let us think that the counting start of Lagrange’s and Euler’s coordinates are coincide. In the contact zone thread creasing occurs with the effort, that is much smaller than the effort required to thread tension [1]. That’s why let’s assume that thread is inextensible  ∂S=∂S0, а  ε=0.
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Fig.1. Computational scheme
The position of А* point, relative to a fixed coordinate system 01XYZ, is determined by the R* radius vector. The position of А point determined by the R radius vector on uncompressed thread axis (dashed line in Fig. 1). During the cross-sectional deformation in the contact zone, the A point moves into the А* position. The AА* vector is denoted by U.

Using the correlation
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Differentiating vector equation (1) over time, we get
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Where the V* is a speed of А* point and the V is a speed of А point.

We must multiply scalar the vector equality (2) on appropriate unit vectors i, j, k in order to determine the projection of the velocity vector V* on axis of fixed coordinate system 01XYZ.  We get:
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It is usual to bring into review a Р [1] independent vector for determining the law of distribution of velocities and accelerations of yarn points. If the vector is invariably contained with the τ, n, b axes of the main trihedron that means that the partial derivatives will be equal by time and arc coordinate.
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and local derivatives will be a zero.

Then, the system of differential equations for the velocity axis points wrinkled thread, would have the following expressions
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where     
[image: image13.wmf]1
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 are the vector components of total curvature; Ψ* - is the San-Venant’s angle in А* point. V*τ, V*n, V*b - are accordingly to the projection of the velocity vector V* on axis τ*,n*, b* of the main trihedron. ω1, ω2, ω3 - respectively to the projection of the angular velocity ωe thread element on the axis of the main trihedron (taking into account angular velocity of deformation torsion [1,2]).
The system of differential equations (3) determines the law of V* speed changing, which depends on the S arc coordinate.
The ties, between the vector of Ω total curvature and vector of ωe absolute angular velocity, will be determined from the next differential equation.
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The expression (4) in projections on the axis of the main triangular looks like:
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The system of equations (3) are destined for determining of the acceleration vector projections on the τ*,n*, b* coordinate axis
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Where W*τ, W*n, W*b - are the projections of the acceleration vector on the axis of the main triangular.
Let’s differentiate the expression (6) for S in order to determine the relationship between the projections of the acceleration vector from the coordinates of the arc. So we will get:
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First derivative of the acceleration vector at the arc-coordinate may be represented as
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where ε1, ε2, ε3 - are the projections of the vector of angular acceleration on the τ*,n*, b*  axis.
Equating the corresponding projection of vector equation (8) to the right parts of the system (7), we will get:
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The system of equations (9) may be represented in expanded form using the components, which define the degree of filaments buckling in the contact zone. The system of differential equations (9) becomes
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If the thread moves in the plane (for example τ*,A*, n*), then the system of equations (10) becomes
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In the case of rectilinear motion of the thread system (11) is transforming into a identities system
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It is usual to neglect the longitudinal displacement during the wrinkling in the contact zone and take into account only the transverse component in the calculations. Then, the system of equations (10) will be simplified
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