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Abstract. The article covers the technology of computer modeling of technological processes 

on example of the research of transverse oscillations of the thread in weaving process. During 

the formation of the fabric, various dynamic processes took place, including fluctuations in the 

threads. As an example, the longitudinal oscillations and tension of the threads in the process of 

surf on a loom are considered. The program and the results of the calculation are given using the 

software package "Mathcad". 

1.  Introduction 

Any other object that fully or partially matches the original characteristics of individual properties is a 

physical model. Since this model is expensive or inconvenient, it cannot be carried out on a real object, 

this model is created only for research.  The main goal of creating models is: 

 

• to determine whether variables are related to each other, the laws of change in quantities 

associated with variables over time. Alternatively, dependencies directly related to its 

performance are defined in the equations; 

• to be able to anticipate its movement and control different movements by experimenting with 

various motion control options in the considered model; 

• using models to determine the best options for the interdependence of parameters and the best 

mode of operation [1]. 

 
Computer model is a software expression of a mathematical model filled with programs designed to 

perform various tasks. The computer model is the representation in the computer when the properties of 

the physical model, i.e. the indefinite components, are represented by programs [2]. Computer model is 

not only a program, but also an integral part of experimental stands and virtual laboratories as a material 

device. Computer modeling is very convenient for changing mathematical models without much 

difficulty, and high-precision results can be obtained using computer modeling. [3]. 
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2.  Materials and methods 

Let us consider a mechanical system consisting of threads and parts of a loom. In this case, during the 

formation of the fabric, various dynamic processes occur, including vibrations of the threads, in 

particular, longitudinal and transverse vibrations. Longitudinal vibrations are described by second-order 

equations, and transverse vibrations are described by a fourth-order differential equation, respectively: 
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After applying the method of separation of variables, equation (1) is reduced to ordinary differential 

equation with respect to time: 
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With a number of assumptions (linearity of the restoring force, absence of a disturbing force, a certain 

relationship between the kam ,,  parameters), a simplified mathematical model can be used [4] 

                     )sin()( += ktAtx                                            (4) 

Using (4), the solution of a less complicated differential equation (4) is written in explicit form. For 

the mathematical models (4), (3), a computer model can be created. Figure 2 shows a model created 

using the «Mathcad».  

 

 

Figure 1. Vibration of the thread 

 
Mathematical model 1; 

),(2
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Mathematical model 2; 

+= ktAy sin(  

Physical model; 

𝑦 = [
0
0
]; 

 

𝐷(𝑡, 𝑥) = [
𝑦

−𝑘2 ∙ 𝑦 + 50 ∙ sin(0,05𝑡)
]; 

 

𝑧 = 𝑟𝑘𝑓𝑖𝑥𝑒𝑑(𝑦, 0.100,400, 𝐷); 
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Figure 2. Computer modeling. 

 
The process of building and research the computer models is called a computational experiment. For 

this, the following steps are needed [5]: 

 

• Highlight the essential properties of the objects under consideration 

• Debugging a computer model 

• Assessment of the adequacy of model constructed 

• Research the model 

• Analysis of obtained results 

 

As an example, we consider the longitudinal oscillations and tension of the threads during the surf 

on a loom [6]. We consider that one end of the thread is fixed on a rock, and impact is made on the other 

end. Let the end of the main thread at the edging be connected with the reed, so the speed of this end 

during the surf is equal to the speed of the reed, and this speed can be considered linear tvv −= 0 , 

where ïðtv /0= ; ïðt is surf time. In contrast to [7], we will consider the thread to be viscoelastic [8]. 

Then the integral-differential equation of motion of the thread will be written as follows: 
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Boundary and initial conditions must be added to this system of equations: 

0)0,(,0)0,(,5.0),(,0),0( 2

0 ==−== xuxuttvtlutu   at lx 0  and 0)0,( vxu =  

at .lx =  
Therefore, the mathematical model of the task has been built, and now we need to write a program 

that implements it [9]. 

The program and calculation results are shown in Figure 3. In this case, the software package 

"Mathcad" has been used.   

 

𝑣0 = 2;  𝑏 = 3; 𝑎 = 3; 𝑙 = 12; 𝜔𝑠 = 25;  𝜀 = 0,5;  𝛼 = 2;  𝑘 = 1,2, … ,10;  
 

𝑥 = 2; 𝑡 = 2; 
 

𝑏(𝑘) = √𝛼 ∙ 𝜇 ∙ 𝛽 ∙
𝑙

𝑘 ∙ 𝜋
; 
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𝑝(𝑘) = 𝜋 ∙
𝑘

𝑙 ∙ √𝛼 ∙ 𝜇
; 

 

𝑎(𝑘) =
(−1)𝑘

𝑘2
; 

 

𝑢1(𝑥, 𝑡) = 2 ∙ √𝛼 ∙ 𝜇 ∙
𝑙

𝜋2
; 

 

𝑢2(𝑥; 𝑡) = exp(−0,5 ∙ 𝜀 ∙ 𝜔𝑠 ∙ 𝜆𝑛 ∙ 𝑡; 
 

𝑢3(𝑥; 𝑡) = (−1)𝑛 ∙ 2 ∙ 𝑏 ∙ 𝑙2 ∙ (cos(𝑙 − 0,5 ∙ 𝜀 ∙ 𝜔𝑠) ∙ 𝜆𝑛 ∙ 𝑡) ∙ (𝑎2 ∙ 𝜋 ∙ 𝑛)−3; 
 

𝑢4(𝑥; 𝑡) = (−1)𝑛 ∙ 2 ∙ 𝑣0 ∙ 𝑏 ∙ 𝑙
2 ∙ (cos(𝑙 − 0,5 ∙ 𝜀 ∙ 𝜔𝑠) ∙ 𝜆𝑛 ∙ 𝑡) ∙ (𝑎2 ∙ 𝜋 ∙ 𝑛)−3; 

 

𝑢(𝑥, 𝑡) = 𝑢1(𝑥, 𝑡) +∑[(𝑢2(𝑥, 𝑡) ∙ (𝑢3(𝑥, 𝑡) − 𝑢4(𝑥, 𝑡)) ∙ sin(𝜆𝑛 ∙ 𝑎−1 ∙ 𝑥)]

100

𝑛=1

; 

 

 a) 
 

          b) 

Figure 3. Changes in displacement components: a) changes in displacement depending on x; b) 

changes in displacement depending on t; 

 
The expected result can be obtained by trying several experiments or models several times [10]. Our 

main goal is parametric optimization of initial values. A separate run of the model is used to solve this 
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problem. Several parameter values included in the equations of motion are achieved by optimizing 

algorithms [11]. Numerical experiments of input parameters are achieved by assigning different values 

to these parameters [12]. 

3.  Results and discussion 

In this case, it consists in determining the special values of the coefficients that improve the quality of 

the behavior of the model [13]. To this end, let us consider the analysis of numerical results (Figure 3-

5). Figure 3 shows a graph of changes in time for different values of the initial voltage. In this case, the 

lower curve corresponds to the initial tension value Т0 = 2, the middle one corresponds to Т0 = 4 and the 

upper one Т0 = 6. Similar curves are shown in Figure 4. In this case, the values of the initial speed varied 

from 0,2 to 1,2 m/s. The results show that the value of the initial speed of the thread should not exceed 

1,2 m/s. 

The nature of the change in tension depending on the x coordinate is shown in Figure 5. In this case, 

as in the previous example, the curves are plotted for different values of the initial speed, and the time 

is fixed [14]. 

 

Figure 4. Changes in thread tension depending on time for different values of the initial tension. 

 

 

Figure 5. Changes in tension as a function of x for different values of initial tension at a fixed value of 

time. 

 

Determining the optimal values of the characteristic quantities for this example is not very difficult. 

In the general case, to use numerical expressions in determining the optimal values of input parameters 

that qualitatively improve the nature of the problem under study, it is necessary to know their existence 

and be able to estimate the search range of the required parameters [15]. 
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Figure 6. Changes in tension depending on time for different values of the speed 

4.  Conclusion 

Figure 6 shows the change in tension depending on x for different values of the initial tension at a fixed 

value of time. The following in our case are the parameters for the most optimal values included in the 

resolving equations: 

.125,0;4,0;2,0;2,1;6 00 ===== AvT   

Methods of technology of computer modeling the dynamic processes on the example of the 

transverse vibration of the thread during the weaving process has been proposed, and the optimal values 

of the input parameters have been determined. 
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