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ALGORITHMIC AND COMPUTER SOFTWARE FOR DETERMINATION OF THREAD TENSION AFTER GUIDE LARGE CURVACITY
V. Shcherban, N. Kolva, D. Egorov, A. Petko, Ju. Makarenko
Kyiv National University of Technologies and Desing, Ukraine
Abstract
The conducted studies of the effect of the structure of the threads on the amount of tension when interacting with guides and working bodies of weaving machines and knitting machines, which have a large curvature in the zone of contact with the thread, established a mechanism for the process of increasing the tension of the thread after the guide by changing the radius of curvature of the guide and friction forces in the zone contact. It is proved that the increase in tension is explained by a change in the angle of coverage of the thread of a guide of large curvature, and for complex threads and yarns, the real angle of coverage will be greater than the calculated one, due to deformation of the thread diameter in the contact zone, and for monofilaments it is less than the calculated one due to bending stiffness. The sequential passage of the thread along the guides, from the entry zone to the formation zone of fabric and knitwear, leads to a stepwise increase in tension. In this case, the output parameter of the tension after the previous guide will be the input parameter for the subsequent guide, which makes it possible to use recursion when determining the tension in front of the formation zone.
In this regard, research on the computer implementation of the algorithm for determining the thread tension on technological equipment using recursion should be considered relevant.
Keywords: dichotomy algorithm, tension, thread, recursion, guide, radius of curvature.

Introduction.   Modeling the process of processing threads on weaving machines and knitting machines is to study the process of interaction of threads with the surfaces of the working bodies of technological equipment [1–3, 7, 12, 11]. The shape of the surface of the working bodies is close to a cylindrical surface [4, 5]. Therefore, during the experiment, cylindrical rods of various diameters were used as guiding surfaces [6-10].


The increase in tension is explained by a change in the angle of coverage of the thread with a guide of large curvature, and for complex threads and yarns, the real angle of coverage will be greater than the calculated, due to deformation of the thread diameter in the contact zone, and for monofilaments less than the calculated  due to the modulus of bending stiffness [2, 5]. The value of the modulus of stiffness for bending, for complex threads and yarns, is influenced by the value of their twist [5]. With an increase in the twist of the thread, the modulus of its bending stiffness also increases [4-7]. This can be explained by the fact that with an increase in twist, the specific pressure between individual filaments increases, which leads to an increase in frictional forces that prevent the movement of elementary fibers during bending [9-11].
In this regard, research on the computer implementation of the algorithm for determining the thread tension on technological equipment using recursion should be considered relevant.
The purpose of the article. Development of algorithmic and software for determining the tension of the thread after the guide of large curvature.
Results. The program for determining the tension of the thread after the guide of great curvature includes five forms:  Tfrm1NN1 = class (TForm); Tfrm1NN2 = class(TForm); Tfrm1NN3 = class(TForm); Tfrm1NN4 = class(TForm) ; TF Errors = class(TForm). On the first form of the program (fig.1) the following elements are located: btn1NN1: TButton; lbl1NN1: TLabel; lbl2NN1: TLabel;  lbl3NN1: TLabel; lbl4NN1: T Label; Image1: TImage.
 [image: 2]
Figure.1. The first form Tfrm1NN1 = class (TForm) program and the main form of the program for determining the tension of the thread after the guide 

On the main form of the program Tfrm1NN2 = class(TForm) (fig.1) the main menu of the program is located  MainMenu1: TMainMenu. It includes three menu sections: file; calculation; certificate. The file menu section includes the following sections: data entry; printing of results; graphic printing; Entrance. The calculation section includes the following subsections: calculate tension; build a schedule; calculate the optimum. This form has five one-time windows for entering data and displaying calculation results:  edt1NN2: TEdit; edt2NN2: TEdit; edt3NN2: TEdit; edt4NN2: T Edit; edt5NN2: TEdit. One term window edt1NN2: TEdit designed to set the initial boundary of the search interval of the root of the transcendental equation to determine the tension of the thread after the guide of great curvature. One term window edt2NN2: TEdit designed to set the final boundary of the search interval of the root of the transcendental equation. One term window edt3NN2: TEdit designed to specify the accuracy of calculating the roots of the transcendental equation. One term window edt4NN2: TEdit designed to set the initial step in the iterative process. One term window edt5NN2: TEdit designed to display the value of the optimal value of the radius  guide large curvature.


Many time window Memo1: TMemo designed to introduce a transcendental equation in the form . Many time window mem1NN2: TMemo designed to determine the results of calculations of the roots of the transcendental equation. This window displays the values ​​of the tension of the leading branch of the thread after the guide of large curvature depending on the radius of curvature .
When activating the data entry unit, file menu section, the procedure is performed procedure Tfrm1NN2.n2NN2Click(Sender: TObject). This activates the form Tfrm1NN4 = class(TForm). This form is designed to enter the necessary data to calculate the thread tension (fig.2). 
[image: 3]
Figure.2. Form Tfrm1NN4 = class(TForm) to enter data to calculate the thread tension








One term window edt2NN4: TEdit designed to introduce the tension of the driven branch  to the guide. One term window edt3NN4: TEdit designed to enter the value of the width of the contact trace  threads on the guide. One term window edt4NN4: TEdit designed to enter the value of the calculated radius  cross section of thread or yarn. One term window edt5NN4: TEdit designed to enter the value of the modulus of elasticity of the thread or yarn during compression . One term window edt6NN4: TEdit designed to enter the value of the modulus of stiffness of the thread or yarn when bending . One term window edt7NN4: TEdit designed to enter the value of the calculated value of the angle of coverage of the guide . This angle is determined provided there is no deformation of the cross section of the thread or yarn in the area of ​​contact with the guide and the stiffness of the thread to bend. One term window Edit1: TEdit designed to enter the value of the angle of radial coverage of the guide surface of the thread in the contact area . One time window edt8NN4: TEdit, edt9NN4: TEdit designed to enter the value of empirical coefficients .
Procedure procedure Tfrm1NN2.n7NN2Click(Sender: TObject) designed to perform the calculation of thread tension. 


As an algorithm for determining the root of the transcendental equation, we will use the method of dividing the segment in half (dichotomy method). The program allows you to determine the tension of the thread after the guide for different values ​​of the radius of curvature  guide large curvature. The program implements two cycles. The first allows you to determine the tension of the thread after the guide of large curvature in the form of a torus for a fixed value of the radius of curvature  guide of large curvature in the form of a torus. The outer cycle provides a change in the radius of curvature at the selected interval, the value of which is due to the design of the individual guides of the circular knitting machine of large diameter. 
When performing the procedure procedure Tfrm1NN2.n7NN2Click(Sender: TObject) the results are displayed sequentially in a multi-term window mem1NN2: TMemo.

Execution of procedure procedure Tfrm1NN2.n8NN2Click(Sender: TObject) (fig.3а) allows you to build a graphical dependence of the value of the tension of the leading branch of the thread depending on the radius of curvature  guide large curvature. The value of the interval of changing the radius of the guide can be changed programmatically.

A computer program allows you to determine the radius of curvature  guide large curvature, at which the tension of the leading branch of the thread will be minimal. A procedure has been implemented for this purpose procedure Tfrm1NN2.n9NN2Click(Sender: TObject).
The input data for the implementation of the algorithm for dividing the segment in half is carried out using the following software operators: Val (edt1NN2.Text,a,code); Val(edt2NN2.Text,b,code); Val(edt3NN2.Text,e,code); Val(edt4NN2.Text,h,code).

When you enter a transcendental equation in a multi-term window Memo1: TMemo transcendental equation in form  the program implements a translator using reverse Polish records. This is done using a separate unit Synt module. This module in the program is implemented without a form.
The TF Errors = class (TForm) form is used to control the input of information into the multi-term window Memo1: TMemo and to correct input errors.
Fig.3b presents the results of the program for determining the amount of tension of the leading branch of the thread depending on the radius of curvature of the guide of large curvature.
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Figure.3. Procedure Tfrm1NN2.n8NN2Click (Sender: TObject) and program results for determining the amount of tension of the leading branch of the thread
Conclusions. An algorithm and a computer program for determining the value of tension when the thread interacts with the guides in the form of a torus feed system of circular knitting machines based on the numerical implementation of the algorithm for half-segment separation in solving transcendental equations and developed a translator using inverse Polish records.
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