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ABSTRACT
The paper deals with the creation of a control system for a dynamic object with an elastic property, described by

a system of second-order differential equations, which is further transformed into two polynomial equations in
matrix form. To solve the problem of synthesizing a control system , a two-matrix polynomial with unknown
parametersis introduced into the system of equations, which is the transfer function of the controller, whose
order is equal to two, giving the system the properties of astaticismi. To solve this problem, the matrix
polynomial equation is transformed into a matrix linear equation with real coefficients. The proposed method of
controller synthesis allows to ensure the stability of the system, while it gives the properties of astatism, the
duration of transitionof one process is determined by the location and poles of the system and the desired quality
indicators. The results of the simulation showed that the synthesized control system meets the requirements of
the object.

Keywords: keywords: synthesis, regulator, two-channel , two-mass, multichannel regulator, polynomial

decomposition, regulator implementation, astaticism.

INTRODUCTION
Currently, one of the most important tasks of automatic control of technological processes in the textile industry

is the production of high-quality products using resource-saving technologies. This is directly related to the
reduction in the cost of the finished product. It is known that the quality of textile products depends on the
quality of the thread. And the quality of the thread depends on the process of pulling the tape, which ensures
parallelization, thinning and straightening of the fibers. Anew requirement for pulling the belt pulling process is
to obtain a product with a given number of fibers.

Due to the randomness of the field of the friction force of the fibrous material in the exhaust device, the pulled
tape has an uneven shape, which significantly affects such qualitative indicators as the evenness and density of
the tape. In addition, the process of tape extraction is significantly influenced by the quality of cleaning and the
humidity of the quality of fiber interleaving in mixtures, etc. These factors are of an uncertain nature, which
determines the use of methods of intelligent technologies to solve the problem of controlling the object (process)
under consideration. Currently widely used intelligent control systems in various industries have the ability to
adapt the control system to various types of disturbances.

Currently, there are many methods that are used as the basis for the development of intelligent control systems
for technological processes. The most common of them are expert systems (knowledge-based systems), fuzzy
logic, genetic algorithms, neural networks, etc. [7,8,10,11,12,13,14,16,17]. At the same time, special attention is
paid to the hybrid application of methods of intelligent technologies and modern management theory.

In this regard, there is a need for research and development of a control system for the process of pulling fibrous
material based on the joint use of methods of intelligent technologies and the theory of automatic control. Such
systems have the ability to understand and learn about the control object, environmental disturbances, and
working conditions. With this approach, artificial neural networks, due to their abilities for self-organization and

learning, are as promising means of creating intelligent control systems for the object under consideration. The
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paper considers the issues of synthesis of a control system for the process of pulling a fibrous material in the

class of a two-dimensional two-mass system, [1,2,3].

METHOD
As an object of control, we consider a two-mass system without damping [5,6,9]. It is known that the most

general form of writing the differential controls of the motion of such systems is the equations of motion of a

fibrous material in generalized coordinates-the Lagrange equations [4].

Let the control object receive two control signals - U, and U, , applied to the masses of the material m, and m,

. The controlled values are the coordinates (the thinning and the speed of the tape) - Y, and Y, , calculated from

the equilibrium state. The equation of the dynamics of the control object in the absence of friction forces will be

written in the following form:
MY, =—k Yy, +K, (Y, = y1) +u;,
m, ¥, ==K, (Y, — Y1) +U,,
where K, and K, is the stiffness of the system (control object)

In matrix form, these equations are written as follows:

m 00, flutke K]\
0 m, =k, "ok,

Here y=(y,y,)'and U= (U, U,)" . Let's introduce the notation

0 k, +k, =k
Dzz[rgl }; Doz{ﬁk ? kz};
m, AN 2

Then the dynamics of the object npencrasasis represented in the following form: D(s)y=u , rde

D(s)=D,(s)>+D, , coorsercrByromuiicorresponding to the left-hand matrix polynomial description

y = D(s) "N (s)u.Here y=D(s)™N(s) =W, (S) -the matrix transfer function of the object, N(S) = I -
the identity matrix. Let's take the standard structure of the management system:
y=W,(s)u, u=W,(s)e, e=v-y,
where W, () is the transfer function of a two-dimensional controller , v and is the vector of setting actions.
Let's define the transfer function of the system:
W, (8) = (1 + W (W, (8) "W, (S)W, (). 1)
Using the equality A(l + BA) ™' = (1 + BA) A, , we get
W, (8) =W, (S)(1 +W, (SW,y,()) W, (5). @
W, (8) =Wo, (SIW, (S)(1 +W,, (SIW, (5)) . ®
Taking into account A(l +A)™ = (1 + A™)™ expression (3), we obtain

Wy (8) = (1 + Wy (SIW, () ) ™ @

There arefour possible ways to describe the transfer function of the system (1) -(4).

We choose the right decomposition of the object and the left decomposition of the controller:
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W, (s)=N(s)D(s)™, W.(s)=Y *(s)X(s). ()
We find thecharacteristic matrix of the system by substituting (5) into (4):
y =N(s)(Y (s)D(s) + X (s)N(s)) " X (s)v.
The denominator of the transition function Y (S)D(S) + X (S)N(S) is the characteristic (matrix) polynomial.

Thus, with a known right-hand representation of the object, assuming, that we are looking for a regulator in the

form of a left expansion, the synthesis problem reduces to solving the equation
C(s)Y(s)D(s)+ X (s)N(s), (6)

shere C(S) is the desired characteristic matrix of the system.
We use the representation of the object and the regulator (5), which leads to uthe need to solve equation (6). In
our case D(s)= DZS2 +D,, N (s)=1. For the regulator, we choose polynomial matrices of the
"numerator" and "denominator" of degree two:

Y(S)=Y,8° +Y,s, X(s)=X,8%+ X5+ X,. )
In the regulator equation (5) Y (S)u = X (S)e , we substitute the values of the "numerator" and "denominator"
polynomials (7):

(Y,8% +Y,8)u = (X,8% + X5+ X, )e.
We transform the formula so that the calculations are reduced to integration:
u=Y, (X, +s(-Yu+ X,e+sX.€))..

here it is assumed that detY, = 0.

They required the system to meet the astaticism condition, i.e. they set Y0 = 0iit. Then the degree of the
characteristic matrix is four:
C(s)=C,s* +C,s* +C,s* +C;s+C,. (8)
After substituting (7) in (6) and taking into account (8), we obtain
C,s* +C,8°+C,8° +C;s+C, = (Y,58° +Y,8)(b) + (X,8* + X, + X,).

We equate the coefficients for the same powers of s:

Y,D,=C,, Y,D, =C,, Y,D,+ X, =C,, Y,D, + X, =C,, X,=C,. 9)
Equations (9) in matrix form are written as follows:
- D, 0 D, O
0 D, 0 D,
CIXXX) 0y o |F(CCLLCo). (10)
0O 0 O I
0 0 0 0

Transposing the previous equation we obtain a more familiarayro form sanucof writing:
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DD 0 :0 0 0)(Y) (C!
0 D:oo0of|ly]||ct
DL 0 : 1 0 0||X!|=|cC!
0 Dol ofllXx| |c
0 0 00 I)ly) |c

Letthe management board object have the following data:

m =6 m,=2 k =1 k,=2.

o (60 5_(3 -2 .
2o 2) -2 2) )

ANALYSIS OF RESEARCH RESULTS
The characteristic matrix determines the poles of a closed system and, consequently, the speed of the system.

then

Let all poles be -1. Thus, the characteristic matrix of the system has a simple form:
C(s)=(s+D)*1,
where | is a diagonal matrix of size 2x 2. We open the polynomial C(s) andobtain
c,=1, C,=4l, C,=6l, C =4I, C,=I. (12)

Substitute D,, D,, C,, C,, C,,C,,C, from formulas (11) and (12) in (10):

Y, Y, i X, X, X|x

6 0 0 0 3 -2 0 0 0 0]

0 2 0 0 -2 2 0 0 0 O

O 0 6 0 0 0 3 -2 0 0

0O 0 0 2 0 0 -2 2 0 0
x0 0 0 0 1 0 0 0 0 O0]=

0o 0 0 0 0 1 0 0 0 O

0o 0 0 0 0 0 1 0 0 O

0o 0 0 0 0 0 0O 1 0 O

0o 0 0 0 0 0 0 0 1 O
0 0 0 0 0 O O O 0 1|
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The matrix of unknowns is denoted by K, the matrix of size 10 x10 is denoted by A, and the matrix on the right

side of the previous equation — C we obtain the solution of the equationK=C*A™:
B 017 O : 067 0 : 033 2 : 2 133 : 1 0
L0 05: 0 2: 5 414 0 101

DISCUSSION
To model an object, we use expression (5) and write: N(S)D™"(S)u = Y. For our example N(S) = I , which

allows us to get D,s°+ D, Next up (D,s*+D,)y=u It remains to write down the modeling

algorithmuus y =D, (D,y +U).

The implementationof the management Board's system is shown in Fig. 1, and the transients are shown in Fig. 2
and 3.

Figure 1 .. Control system model implemented in MATLAB
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Figure 2 .. Transients in the system when v =[10]
h(t)

0 5 10 15
Figure 3 .. Transients in the system when v =[0 1]

Transients in the system during exposure v :[1 O]( are unsatisfactory in terms of overshoot. However, in
steady-state mode, the errors are zero.

CONCLUSION

In this work, in order to control a two-mass dynamic object, it is proposed to use a two-dimensional Pl

controller, which makes it possible to achieve zero in a static mode and ensure the autonomy of communication

channels of a control system in a static mode. The proposed polynomial method is distinguished by the

simplicity of the implementation of the control system in real language and provides the required quality of

regulation.
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