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EQUALIZATIONS OF DYNAMICS OF FILAMENT INTERACTIVE WITH SURFACE
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Kyiv National University of Technologies and Desing
Annotation
Purpose. Definition of a dynamic equation of a filament at its interacting with directing surfaces any a profile.

 Methods. Researches are based on use of elements of theoretical mechanics, differential geometry, the vector analysis, mechanics of a filament.

Scientific and practical results. The improvement of many technological processes of textile and sewing industry must be based on theoretical and experimental researches of interacting of filaments with the workings organs of technological equipment. Theoretical research is directed on  determination of pull of filament in dynamic terms at its co-operating with the sending surface of arbitrary type. Can be drawn on research results for the improvement of technological processes and equipment in sewing and textile industry.
Keywords: filament, sending surface, pull, force of inertia, moment of inertia.
Going near development of the system of differential equalizations must be begun with the choice of the proper model of filament I or II modifications (fig. 1). It should be noted that mathematical equalizations, describing the conduct of filaments-models of II modification, are more simple [1,2]. However, they are utillized in those cases, when the real filaments are exposed to influence in the narrow spectrum of the power field.
On fig. 1 a, б, b various settlement circuit designs for a leading-out of the differential equations of traffic of a filament are presented. Filaments-models of I modification (fig. 1 б, b) on the structure and an aspect are most approached to the real. On fig. 1 б  the most widespread circuit design serving for a leading-out of the differential equations of traffic of a filament is presented. All superposed forces and the constraint reactions acting on an element of a filament of infinitesimal length ∂S, we present in the form of the main vector R0 and the main moment M0. The vector data we lead to point А* - to the centre of weights of the gated out element of a filament. In the given point it is resulted both a resultant force of inertia Ф* and a vector of Mф. The main trihedral τ *n*b *, with an apex in a point A*, serves as co-ordinate system concerning which conditional balance of all forces and the moments is observed.
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	Fig.1. Calculation charts for the conclusion of differential equalizations of motion of filament


Vector equations present traffic of an infinitesimal element of a filament look like
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 EMBED Equation.3  [image: image3.wmf].

0

Ф

M

Q

*

0

M

S

M

=

-

´

+

+

¶

¶

r

r

r

r

r

t


	
	(1)


At studying of interacting of complex filaments and a yarn with directing surfaces the model is offered  (fig. 1 b) is offered consisting of the separate rectilineal located elements (cylindricity). Every i elementary fibre will have a point  A*i - barycenter the center of adduction. Will lead all of the actively set forces and proper reactions of connections to the main vector  R0i and  main moment  M0i. Will bring forces over of inertia to the main vector  Ф*i  and main moment Mфi. For i  an element vector equations of equilibrium will look like
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In a projection on the co-ordinate axes X,Y,Z will get the system of six equalizations
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where the proper index  x, y or z specifies a projection on the proper ax.
Most acceptable, from point of simplicity of the got results, there is a filament-model of I modification at which all of volume is evenly filled material. For the receipt of the system of differential equalizations it is necessary to project vector equations (1) on the ax of main trihedron 
[image: image8.wmf]t

*n*b* the main vector R and main moment M equal
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We продифференцируем expressions (2) on an arc co-ordinate
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where Р - a filament tension; Q2, Q3 - projections cutting forces on a normal and a binormal; Mk - a twisting moment; Mu2, Mu3 - bending moments in matching cross-sections of a filament.
Force of inertia, included in expression (1), will be determined on a formula
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where Т - a linear closeness of filament.
For determination of size  MФ will take advantage of the correlation known from theoretical mechanics
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where J - tensor of inertia (taking into account that axes of main trihedron, located in a center the masses of element BC, are the axes of symmetry and main axes of inertia, consider that the centrifugal moments of inertia are equal to the zero and meaningful there will be the matrices of tensor of inertia only located on a main diagonal).
Constituents of tensor inertias, located on the main diagonal of matrix, are determined on formulas
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where Jτ*, Jn*, Jb* - accordingly moments of inertia of the selected element in relation to the axes of main trihedron; Jτ0, Jn0, Jb0 - geometrical moments of inertia in relation to the axes of main trihedron to transversal deformation of filament; ∆τ(U), ∆n(U), ∆b(U) - functional coefficients, determining the change of geometrical moments inertia due to transversal deformation in the area of contact; γ - bulk density.
Taking into account dependence (6) expression (5) will be accepted by a kind
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where ε1, ε2, ε3  - projections of vector of angular acceleration of element of filament ε* on the ax of main trihedron.
Work of single thirl τ*   on the vector of cutting force  Q from the second equalization of the system (4) will be equal
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The projection of main vector and main moment of all of external forces can express as follows
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where Fτ,  Fn,  Fb - making projections of vector R0 on the ax of main trihedron;  Mτ,  Mn,  Mb - the proper projections on the ax of main trihedron.
The projections of external forces  look like on the ax of main trihedron
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where Ft(A,μ,N) - the proper dependence between normal pressure N in an arbitrary point and by force frictions Ft ; μ - a coefficient of friction; φt - corner of azimuth of friction; A - coefficient, characterizing influence of Intermolecular interacting of the ground surfaces.
Nonlinear connection between between normal specific pressure N and relative deformation of cross-sectional  δ  expressed dependences
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where b - width of track of contact; δ - speed of relative deformation of cross-sectional of filament; η - coefficient, characterizing viscid properties of filament during its transversal deformation; E1 - the current module of inflexibility; b3, b4, b5, b6 - are experimental coefficients, determined from a diagram "loading is deformation".
Will define the main components of curvature on formulas
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