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Abstract

The paper considered issues of research into a fuzzy control system for the warping process.
To study the warping process its mathematical model is constructed. The process of breakage
the warp of the threads under oscillation conditions in a warping machine is considered. The
forces and moments that arise due to oscillations, tensions and hanging threads and the
influencing effects on the sag have been studied. In the initial mode, the time constant is
reduced and additive disturbances are not taken into account; the transient process is not
significantly improved by using a fuzzy controller. With an increase in the time constant or
when taking into account external disturbances, the presence of a fuzzy controller made it
possible to improve the quality of control.

Keywords: A warping machine, a frame of warp, a tension of thread, a fuzzy controller, a
fuzzy control system, warping threads, a model.

Introduction

In recent years, as a result of growing demand and competition for textile products in the world,
improving product quality and production efficiency has become urgent. To solve these
problems locally, it is necessary to create and improve a high-quality and effective process of
control system. Also, one of the important issues is the use of modern digital technologies,
which allow saving energy and resources and increasing the efficiency of production.

The paper considered issues of research into a fuzzy control system for the warping process.
During the warping process, the reasons that cause defects in the final finished product have
been studied, firstly which are thread breakage, thread tangling, the formation of loops on or
under the belt, hanging loose threads and similar factors [3,4].
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Research Methods and the Received Results
For research of the warping process the warping process, its mathematical model was generally
expressed as follows:
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X=Ax+Bo+CW, (1)
where
w, a;, a, 0 by, Cu Cp W
Xx=| B A= Ay Ay 0,B= b21 ,C= Can Cyp ’W:{O}
[0 1 0 0 0 0 O 7

¢ — atension of thread;
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! /ﬂ/ o, — the speed of the angular shaft of the warp;
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S —thread speed;

o — condition of thread frame;

6,(t) — changing of thread shaft diameter;

W — various impacts in the warp frame;

1,815, 8,,85,0,;,0,1,C4,Cp», Cyp, €, — Parameters of the warping process model;

The warping process and the parameters of its model are presented in the Table 1. For the
research and synthesis process, consider a fuzzy controller as an object for controlling the
warping process with the above parameters:

Table 1. Warping machine parameters.

Designation and

Size of measurement .
unit of measurement

Determination of warping parameters

The linear density of warp 29 V,m?
Length of thread on spool 14875 L,m
Width of warping machine 54 B,m
Distance between warp spool coils 1.8 T,m

Table 2. Kinematic parameters of the warping process model

a21 a22 bll bZl Cll CZl ClZ
0.584 | -0.002 | 0.167 | 0.0088 | 0.0048 | 0.0021 | 0.345

Ay
-0.159

P
0.0048

Cy
0.82

Kinematic parameters of stationary movement, this mode of balancing the renewal process,
economic solutions to the equation of movement with a nonlinear functional matrix [14,15,16].
However, this task represents a separate issue beyond the scope of this study, therefore, in the
work under review, values corresponding to this type of warping machine were used.

If there are fluctuations (conditionally up to 4 points), the process of breaking the thread warp
is considered. Influences affecting tension include forces and moments caused by oscillations,
tension and sag of the warp thread [16,17].

Table 4 shows the values of the dispersion D, =0.0358 *h* oscillation ordinate Dr depending

on the level of oscillation for oscillations with several characteristics.

Table 3. Characteristics of oscillations
Scores of Scores of

Scores of

S h,sm o h,sm L h,sm
oscillations oscillations oscillations
1 0-0,25 4 1,25-2 7 6-8,5
2 0,25-0,75 5 2-3,5 8 8,5-11
3 0,75-1,25 6 3,5-6 9 Above 11

The approximate spectrum of wave ordinates for the selected speed of the warping process has
the following form:
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A 4D, a, @’
WY ‘_:.,!2."7 S (CU) — rk ,
o = ° o'+ 2(05k2 ~ B )a)z + (akz + B )2
_ N\ The transfer function of the filter that forms the indicated wave effect was obtained in the
. following form

H(s) = o3 e ©)

2+ 2a,5+(a?+ B2)

)

B =pA+(V/g)cosg),a =ap,,

herein

a — the attenuation coefficient of oscillatory impacts;

B, — the angular frequency of the correlation function of the wave ordinate

¢ — collisions angle with oscillation;

S=jw

The speed of the threads is V=2.57 m/s and at different values of oscillations the transfer
function of the shaper filter H(s) and the spectral density SB(w) are equal to the following:

1) when 1-point oscillation occurs (D, = 0.0358 *h* = 0.0022 m?).

0.00003720* 0.61s
SB(a)) 4 2 ,H (S): 2 '
o —9.673w" +30.046 s°+1.136s +5.48
2) when 2-point oscillation occurs (D, = 0.0358 *h* =0.0201 m?).

0.000350° 0.0187s
SB(C‘)) 4 2 H (S): 2 J
o —8.1906w° + 21.54 s°+1.045s +4.64
3) when 3-point oscillation occurs (D, = 0.0358 *h?* = 0.0559 m?).

0.001w” 0.033s
sB(a)) 4 2 H (S)= 2 J
o —5.6980w° +10.42 s°+0.8716s +3.23
4) when 4-point oscillation occurs (D, = 0.0358 * h? = 0.1432 m?).

S, (o) 0.00310° (s)= 0.051s

o' -3.770° +4.6’ s +0.71s+2.134’
According to the basic technical requirements for the warp thread speed control system, the
speed overshoot should not exceed 10%.
If the thread tension varies under different conditions, the coefficients, which cannot be
achieved by automatic means, must include a system allowing manual adjustment in the
automatic control system.
During the warping process, the tension of the threads does not allow for high - quality control,
which is constructed by traditional methods, external influences and parameters of the control
plant under non-stationary conditions. This situation is characterized by the need to constantly
adjust the controller coefficients and the fact that it is impossible to estimate the exact value of
all parameters [2,20].
Figure 1 shows a structural scheme of a typical warping process control system with an optimal
controller (OC).

(w=0.195) (4)

(w=0.78) (5)

(w=1.362) (6)
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(w=2.14) ()
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Fig. 1. Structural scheme of the warping process control system with an optimal controller.

Based on the structural scheme presented above, a fuzzy control system for the warping process
was developed. In Fig. 2 shows a scheme for modelling a fuzzy control system in the Matlab

= program, this model allows the evaluation of the quality of control systems with an optimal
‘= and fuzzy controller (FC) [1].
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Fig. 2. Scheme of research of control systems with an optimal controller and a fuzzy optimal
controller.

The parameters of the control function u=G,G=-A"'B'k for vector coefficients
G =[G, G, G,] of the optimal controller were calculated using the equation

kA+ ATk —kBA,'B'k =-4,, 8)

herein

k — Positive definite solution to the Riccat equation;
A, 4, —matrices of integer quadratic functional.
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The solution of the Riccat equation with real parameters given in Table 2 is carried out using
the Care Control System function of the Matlab program. The control law is selected based on
the condition of ensuring a minimum of the integral criterion.

J =%Iow(xT/1Xx+uT/1uu)dt 9)

therein
A, 0 0 1 0 0
=0 4, 0]=/0 001 0ju4 =L
0 0 4, 0 0 1

The invariant part of the system (8) is specified by the model and the quality indicator criterion
(9) is equal to the inverse coupling vector coefficients G =[2.8 0.03 1] of the law u=Gx
[8,9].

To reduce the complexity of the database analysis process, we set the number of terms to 3 for
each fuzzification of the fuzzy controller input variable (le=3), (lee=3): N,Z,P - negative, zero,
positive. Therefore, the number of fuzzy outputs of the fuzzy controller is 3x3=9. Fuzzy outputs
and membership functions for the fuzzy controller parameters NM (N, Z, R) are defined using
the ANFIS editor in the “Fuzzy” section: : e-[-14.85 42]; de-[-4.636 4.64]. The membership
function of the input variables is presented in Figure 3, e-(a), de-(b). (Rk) fuzzy rules of the
fuzzy controller are presented in Table 4. The fuzzy conclusion parameters yx are presented in
Table 6. Limit for changing the control signal yk: [-1.26 100.1].

Table 4. Fuzzy rules of fuzzy controller

e de
N Z P
N V1 2 Y3
Z 2 Ys Ye
P y7 ys Yo
Table 5. Parameters of fuzzy conclusion
y bo b1 b2
Y1 1 10 0
y2 20 -0.11 -0.01
Y3 1 100.1 -0.001067
ya 1 0.4724 0.2073
Yys 1 0.7175 0.0002176
Y6 1 -2121 0.007882
y7 1 -0.31 -1.26
ys 1 0.3 0.92
Yo 1 10.45 0.72

Based on the fuzzification of the error e =—Gx and its derivative de="e, we obtain a set of
productive rules G, (e,de) for synthesizing the signal of a fuzzy optimal controller.
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Fig.3. Membership function of input values of the fuzzy controller

For a comparative analysis of the efficiency of regulators in the case of non-stationary
parameters of the control planta,, sa;,, the plant parameter changes (in this case, y - multiple
change).

To preserve the input and output relationships, the matrix elements A and B are changed in the
i - row accordingly. This configuration of changes in matrix elements A and B is equivalent
to a change in the values of the time constants corresponding to the aperiodic link of the process
model. Changing the parameters in this way reflects real changes in the dynamics of the plant
under study [10,12].
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Fig.4. Change curves of a real process.

Conclusion

In the initial mode and with a decrease in the time constant and without taking into account
the influence of the additive disturbances, the quality of the process did not decrease due to the
use of a fuzzy controller. By increasing the time constant of the plant or taking into account
external disturbances, the fuzzy controller significantly improves the quality of control.

The result of comparing fuzzy control with optimal control in regulation thread tension during
the warping process shows that the fuzzy controller demonstrates its advantages when taking
into account the influence of the disturbances and non-stationary parameters of the plant. The
system setup time using a fuzzy controller is t, =10s, overshoot is o =0.3%, and for a system

Web of Technology: Multidimensional Research Journal

with an optimal controller - the setup time is t, = 68s, overshoot is ¢ =40%
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