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Abstract — The introduction of new generation mechanisms in technological processes poses the
tasks of ensuring their control, which require urgent solutions. For this reason, solving tasks that
meet the arising challenges that have arisen and are aimed at improving the efficiency of control
systems for electric drives of mechanisms becomes a priority. This paper presents a new approach
to adaptive control of the mechanical part of the electric drive system of mechanisms operating in
uncertain conditions. The proposed approach is modeled in the MATLAB sofiware environment and
provides high control speed, accuracy, adaptability and the ability to expand capabilities. This is
achieved due to the fuzzy reference model used in the system and the coordinated operation of the
PID controller, as well as the neural network's ability to learn quickly and accurately. The
observations and studies necessary for the development of the control model were carried out for
both the two-mass and three-mass mechanical parts of the electric drive system. This took into
account the possible changes in connection stiffness that occur in mechanical parts and the ability
of the control system to adapt to them. Tests of the model show that it suppresses the elastic
vibrations of the mechanical part. Copyright © 2024 Praise Worthy Prize S.r.1. - All rights reserved.
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Connection Stiffness

Nomenclature

Ji Moment of inertia of the first mass

J2 Moment of inertia of the second mass

J3 Moment of inertia of the third mass

Mp Torque of the motor

Mz Elastic torque

M3 Elastic torque between the gearbox and the
technological mechanism

o)l Angular velocity of the first mass

2 Angular velocity of the second mass

03 Angular velocity of the third mass

c Stiffness of the elastic link connection

ci2 Connection stiffness between the drive
and the gearbox

€23 Connection stiffness between the gearbox
and the technological mechanism

M. Torque of the load resistance

®o Set value of the motor rotation speed

1. Introduction

The efficiency of modern industries, transport and life
support is determined by the quality of management of the
electric drive system used in them [1]-[3]. The synthesis
of an electric drive control system is based on the
requirements set to the system and changes in operating
conditions determined by the application purpose of the
controlled object. Some mechanisms operate under
conditions of random changes in the technological process
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[4]-[8]. During the operation of a number of technological
mechanisms, due to elastic vibrations of the mechanical
parts of the electric drive system, their transmission
elements can be destroyed, deformed or gradually wear
out [9]-[11]. They occur during electrical transients, as
well as under the influence of sharply changing loads.
Elastic vibrations have a negative impact on the
performance of the electric drive system, causing an
increase in dynamic loads on the elements and a decrease
in productivity [12], [13]. The ineffective operation of the
electric drive system of such mechanisms leads to
dangerous operating conditions or premature failure, as
well as to a decrease in the product quality. Obviously, for
reliable operation of the electric drive system, there is a
need to limit elastic vibrations in the transmissions of its
mechanical part. For the effective operation of
technological mechanisms operating under the above-
mentioned hard conditions, it becomes necessary to ensure
such control of its electric drive system, which would
allow adapting the operation of the electric motor to the
current situation. Due to their versatility, simplicity and
reliability [14], [15], standard controllers are used in
dynamic object control systems. Proportional Integral
Differential (PID) regulators are still used to control the
mechanical part of various electric drive systems. A large
number of studies are known in which the use of a PID
controller has made it possible to provide the expected
indicators [16]-[20]. In order to improve the functioning
of control systems in [21], the PID controller has been
used in combination with Model Predictive Control
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(MPC). The approach described above with standard
controllers is applicable to the electric drive systems
operating in a predictable mode. The use of traditional
methods of controlling the electric drive system is
especially ineffective in cases of the technological
mechanisms operating with a random change in load [22],
[23]. In order to solve this problem, the idea of replacing
the linear regulators with nonlinear ones is applied. There
are known studies in which controllers of artificial neural
networks are used to control an electric drive [24]-[26].
[24] has presented a speed controller developed on the
basis of a neural network and it has been tested on a
synchronous drive. The results obtained provide an
accurate assessment of the load and shaft rotation signals
for a two-mass system. The author of the paper proposes
an optimal neural network control system depending on
the operating modes of the equipment [25]. In this work,
interconnected electric motors are controlled individually
by using a neural network controller for each electric
drive. [26] has presented an adaptive neural network
controller for direct control of the torque of the power part
of an electric vehicle. The proposed INS tool optimizes the
parameters of a Proportional Integral (PI) controller with
real-time data and provides excellent dynamic stability.
Although neuroregulators provide high speed and high
control efficiency, one of their disadvantages is that the
neural network controller is mainly designed and adapted
for a specific control object. In addition, it is difficult from
an implementation point of view. The use of fuzzy logic
capabilities is of particular importance for controlling
electric drives operating under uncertain conditions [27]-
[30], which reduces the complexity of control algorithms,
the design and the execution time. Controllers built based
on fuzzy logic are especially effective in control systems
for complex technological processes. The authors of [28]
have managed to suppress significantly elastic vibrations
of a two-mass system by using an adaptive fuzzy
controller. In this case, the Petri transition has been used.
A fuzzy control system for a two-mass electric drive, in
which classical linear and nonlinear functions are used for
the fuzzification process, is known. In order to find
optimal values of the membership function parameters, a
genetic algorithm is used [29]. A model of nonlinear
control of a rolling ball is considered by using a PID
controller and two different fuzzy logic controllers in the
Matlab Simulink environment. In order to obtain a
complete understanding of the simulation results, the
application possibilities of various controllers are
analyzed. Finally, conclusions are drawn about the
advantages and the disadvantages of each control strategy
[30]. In [31], the characteristics of traditional PID
controllers, direct-coupled PID controllers and fuzzy PID
controllers have been considered for temperature control.
Recommendations on the feasibility of using direct-
coupled PID controllers and fuzzy PID controllers are
proposed. In order to improve the frequency stability of
the microgrid, S. Romfochai has proposed an adaptive
neuro-fuzzy controller [32]. It is found out that the
proposed method improves frequency stability during
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disturbances, reduces transient time, and operates
smoothly and with high performance. The adaptive
control approach presented in [33], based on the use of a
reference model, is of particular interest. Control is carried
out by internal and external loops. The system provides
such design of input data that corresponds to the
description of the reference model [33]. The effectiveness
of adaptive control of fuzzy systems is mainly determined
by the correspondence of the membership functions of the
input variables to the numerical value of the output
variable. Some researchers have addressed the issue of
creating a rule base. Ignatyev V. et al. have developed a
base of optimal rules, which is formed automatically based
on the knowledge of the object obtained under the control
of the classical regulator [34]. The task of optimization is
solved by using the method of grouping the values of input
and output signals in order to reduce the number of rules
and increase the speed of the control system. The analysis
shows that, although the results obtained in the field of
electric drive control are of great practical importance,
they are nevertheless focused on individual special cases
of the control of the electric drive system. They lack the
ability to return quickly to the steady state of the system
with high performance and accuracy after the
disappearance of the external influence and the
completion of the transition process. Although adaptive
control capabilities make it possible to record significant
successes in solving control tasks, there is still a
significant reserve for their improvement, which can be
provided by using intelligent approaches. By taking into
account the peculiarities of controlling the mechanical part
of the electric drive system of mechanisms operating with
uncertain changes in technological conditions and the
possibility of its improvement, it can be stated that the
synthesis of a regulator taking into account their fuzzy
characteristics is an urgent task of scientific and technical
interest, on the basis of which the purpose of the study is
formed. The goal of the study is to develop an adaptive
control system for the mechanical part of the electric drive
of mechanisms used in technological processes operating
under uncertain conditions with the help of which the
system can independently adapt to changes in external
conditions and function effectively in various situations.
The paper is organized as follows. Section II presents
the structure of the two-mass and three-mass mechanical
parts, its mathematical description. The changes in angular
velocities and elastic torques of two-mass and three-mass
electric drive systems operating with dynamic load in
transients, in the systems without a regulator and with a
PID controller are presented. A block diagram of the
proposed control system and an algorithm for its
implementation are presented. Section III presents
adaptive control models for two-mass and three-mass
electric drive systems and the characteristics obtained as a
result of their testing. The construction and training
algorithm of the reference model of the fuzzy controller is
considered. The results of training a neural network using
the input and output signals of a fuzzy model are
evaluated. Section IV presents the discussion. Finally,
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Section V presents the conclusions.

II. Materials and Methods
II.1.  Statement of the Problem and Justification
of the Methodology

In practice, mechanisms of different power, different
types and structures are used, and their electric drives use
different approaches to energy transfer [35], [36]. Two
types of energy transmission from the drive motor to the
technological mechanism are widely used: with a gearbox
and without a gearbox, in which a clutch is mainly used.

The first of them is used in the drive systems of
mechanisms with high (more than 1000 kW) power, and
the second one with low (up to 1000 kW) power. By
considering that both types of transmission are used in
dynamic systems operating under uncertain conditions, it
becomes necessary to consider issues of improving the
efficiency of control of the electric drive systems both
with and without a gearbox. The mechanical part of the
electric drive system without a gearbox is two-mass, and
there is an elastic connection between the motor and the
mechanism (Fig. 1). The mechanical part of the electric
drive system with a gearbox is three-mass, and there are
elastic connections between the motor and the gearbox, as
well as between the gearbox and the mechanism (Fig. 2).

A mathematical model describing the dynamics of the
mechanical part of a two-mass electric drive system is
presented by the following differential equation:

do
Mp-M,,=J—L
ddt dM M
(O]
M,-M. =J,—%2, —L2_(t(n -0
12 c 2 dt dt (1 2)

The mathematical model characterizing the dynamics
of the mechanical part of the three-mass electric drive
system is presented by the following differential equation:

MD_Mlzle%
M12_M23=J2%’ dt,[tlzzclz(% (02) 2
My -M, = 3%, dt,[;z:cB(mz ;)
Mp o, M2 Me
o oy

Fig. 1. The two-mass system
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3 . N ; . v 32. M{L
[O)] 2 @3

Fig. 2. The three-mass system
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By taking into account the fact that the change in the
elastic torque of the mechanical part is manifested in a
change in the connection stiffness, various values of the
connection stiffness are considered when developing the
control model. The importance of such consideration is
due to the fact that during operation, elastic links can
deform, wear out, causing a change in the stiffness of the
connection. Developing a control system capable of
adapting to these changes is at the basis of the adaptive
control proposed in this paper. Transients in the
mechanical part of the electric drive system are studied by
using a system of differential equations (1) and (2).

11.2.  Characteristics of the Transients

of the Mechanical Part

Figures 3-8 show the changes in the angular velocities
and the elastic torque in two-mass and three-mass systems
of electric drives with dynamic load in transients for
systems without a regulator and with a PID controller.

From the given characteristics, it is clear that the
angular speeds of rotation and elastic torques of the
mechanical parts of a two- and three-mass electric drive
without a regulator do not enter a steady state during the
observed period.

An unstable change in elastic torques in the transient
process over a long period will lead to deformation and
wear of individual units of transmission links, which leads
to an emergency situation and unnecessary losses of
transmitted energy. When using a PID controller, the
characteristics of the system are stabilized with some
delay. The construction method of an adaptive model with
a double tuning is presented.
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Figs. 3. Changing the rotation speed of the first mass of the two-mass
electric drive system (a) without a regulator, (b) using a PID controller

International Review of Electrical Engineering, Vol. 19, N. 5



M. Baghdasaryan, A. Ulikyan, V. Hovhannisyan

M., [N*m]

i !
0 1 2 3 4 5
Time [s]
(a)
x10*
10 -
8l
E s}
*
&£
o~ 4
o
=
2
0
[} 1 2 3 4 5
Time [s]
(®)

Figs. 4. The elastic torque of a two-mass electric drive system, changes

in transients (a) without a regulator, (b) with a PID controller
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Figs. 5. Changes in the angular velocities of the three-mass electric

drive system, (a) the first (b) the second, (c) the third masses in
transients without the use of a regulator
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Figs. 6. Changes in the three-mass electric drive system, (a) in the first
(b) in the second, and (c) in the third masses, changes in angular

velocities when using the PID controller in transients
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Figs. 7. The change in the elastic torque M2 of a three-mass electric
drive system in transients (a) without a regulator (b) with a PID

controller
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Figs. 8. The elastic torque M»s of a three-mass electric drive system,
changes in transients (a) without a regulator (b) with a PID controller

11.3.  An Adaptive Control System

with Reference Model

A block diagram of the adaptive control model for the
mechanical part of the electric drive of the technological
mechanism is shown in Fig. 9.

It is a double tuning control system with one of the
controllers serving as a reference model. In the proposed
adaptive control system for the mechanical part of the
electric drive, a fuzzy controller is used as a reference
model.

This regulator generates the desired signal of the
rotation velocity of the motor, which provides the best
course of the technological mechanism operating under
uncertain changes in working conditions, in accordance
with the established quality criteria.

The signal received at the system output is subtracted
from the output signal of the reference model, and the
output signal of the reference model is added to the
resulting error. The received signal is fed to the input of
the system with negative feedback. This leads to improved
system control indicators.

11.3.1.  Neuro-Fuzzy Controller

The neuro-fuzzy system, created as a result of the joint
use of a fuzzy logic system and a neural network has been
widely used due to the following [37], [38]:

e [t can have several input and output variables that are
interconnected by rules and operate in parallel;

It has a nonlinear structure, so it can work successfully
under both linear and nonlinear external influences;
High ability to learn a large amount of data.
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Fig. 9. A block diagram of the adaptive control

For the mechanical part of the electric drive system, a
neuro-fuzzy controller of the rotation speed of the motor
rotor with four input and one output variables is
developed, which has a Sugeno type output [39], [40]. The
Fuzzy Logic Toolbox environment of the MATLAB
software package is used as a modeling tool. The Gaussian
membership function [41], [42] is selected for the input
variables, whose number is set in accordance with the
number of points in the sequence of the input signal. A
database of rules has been formed. Each rule establishes
the correspondence of the membership functions of the
input variables to the numerical value of the output
variable. The fuzzy system is trained by using an
algorithm developed based on a neural network. For this
purpose, the Adaptive-Neuro-Fuzzy-Inference-System
(ANFIS) of the MATLAB software package is used.

I11.

The model of the adaptive control of the mechanical
part of the described two-mass and three-mass electric
drive system is shown in Figures 10 and 11.

Results

.j o] ....:-i
| b i
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Fig. 11. Adaptive control model for three-mass electric drive systems
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The input sequences of the fuzzy system are formed by
the current and delayed signals of the angular velocity of
the electric motor (Fig. 12). The output signal is generated
by taking into account the degree of delay. The number of
input signals for the considered mechanical part of the _
electric drive system is set to 12. Figures 13 and 14 show ;
the membership functions of the input signals after fos
training. From the sequence of input and output signals of ’
the neuro-fuzzy regulator, 16 fuzzy rules are formulated
for control. Below there are some rules:
- Ifwo(k) is mf12 and wo(k-1) is mf12 and w.(k-1) is mf1 . E N M
and wz(k-2) is mfl then wi(k) is 24; ‘ = : s
- If wo(k) is mf12 and wo(k-1) is mf12 and w=(k-1) is mf1 S
and wz(k-2) is mf2 then wi(k) is 25.5;
- Ifwo(k) is mf12 and wo(k-1) is mf11 and w2z(k-1) is mf1
and wz(k-2) is mfl then wi(k) is 14;
- Ifwo(k) is mf12 and wo(k-1) is mf11 and w:(k-1) is mf2 !
and wz(k-2) is mfl then wi(k) is 7;
- Ifwo(k) is mfl1 and wo(k-1) is mf12 and w:(k-1) is mfl
and wz(k-2) is mfl then wi(k) is 32. i
Training samples are generated by using four input and i
output signals of the fuzzy model. This data is loaded to ¥
train the neural network. In this case, during the training
process, it is set that the network should be trained for 300
cycles. However, after the 40 Epoch, the error no longer
decreases, which means that the network is already
trained. It turns out that for the model formed according to

ol - — — =

-30 -20 -10 0 1o 20 30

the fuzzy rule 16, the root-mean-square error is 0.0013. L(b)*
By using the Neuro-fuzzy Designer interface, the . ' .
system has been trained, tested and checked. About 2000 Figs. 13. Membership function for (a) Wo(k) and (b) We(k-1)

data have been collected at the input and output of the

system. The collected data have been divided into three

separate datasets, 50% of which have been used for !
network training, 25% for testing, and 25% for re-

checking. The training error has been 0.015, and the

testing error has been 0.024 (Figs. 15). In Figs. 15, the test
and training data are marked with blue dots, and the :
corresponding to them output values of fuzzy logic are i
marked with red asterisks. The testing data are used to

evaluate the effectiveness of the trained network. The

checking data are used to prevent the retraining of the :
model. After training, the structure of the ANFIS neural J 8 A
network, which is shown in Fig. 16, can be evaluated. Ao R S 100 150

8
0f = e e =
-150 -100 -50 — ‘._(.}’ —— 50 100 150
(b)
Fig. 12. The block diagram of a fuzzy controller Figs. 14. Membership function for (a) Wz(k-1) and (b) Wz(k-2)
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Figs. 15. (a) Testing and (b) training data
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Fig. 16. ANFIS architecture with input—output membership functions

The ANFIS architecture consists of five levels. The
values entered in the first layer are converted to their fuzzy
interpretation. In the second layer, the values of the
membership functions for each input variable on each
fuzzy ensemble are calculated. The Gauss function is used.

The parameters of the membership functions are
selected by using the error backpropagation algorithm. At
the third level, the degree of activation of each rule is
determined.

At the fourth level, the final output value of each rule is
calculated. In the fifth layer, a defuzzification operation is
performed, i.e. the fuzzy signal is converted into a crisp
one. The developed adaptive control system has been
tested for two-mass and three-mass electric drive control
systems in accordance with the data given in Table I.
Studies have been conducted for the resistance torque,
varying according to the characteristic shown in Fig. 17.

The results obtained are compared with a system with
a PID controller with the same data. The values obtained
for the coefficients of the transfer function of the PID
controller in the developed adaptive system are shown in
Table I1. All the studies shown in Figures 18-22 are carried
out for different values of the connection stiffness. This is
because during operation, changes in elastic connections
occur in the links of the mechanical part for various
reasons.
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TABLEI
CALCULATED DATA
Type of electric drive system  Parameter Value
I 2500 kg m?
I 3170 kg m?
Two-mass system 186667 N m/rad
@ 560000 N m/rad
1680000 N m/rad
i 2500 kg m?
g 600 kg m?
A 3170 kg m?
186667 N m/rad
Three-mass system ci 560000 N m/rad
1680000 N m/rad
140000 N m/rad
23 420000 N m/rad
1260000 N m/rad
16220
15
14f
i A
£
& 12
= 11f
1
09
0.8 - = i =
0 2 4 6 8 10
Time [s]

Fig. 17. The characteristic of the change in torque resistance
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Fig. 18. For different values of connection stiffness, a change in the
angular velocity of rotation of the motor rotor of a three-mass system
with a PID controller and for fuzzy controllers

3or

w, [rad/s]

w2:c12, €23
—w2:c12, 3°c23

w2:ci2, c2313

2 3 4

Time [s]

@

5

w, [radis]

—w3:cl12,c23
—w3:c12, 3°c23
w3:c12, c23/3

2 3

Time [s]

(b)

Figs. 19. For different values of connection stiffness, changes in the
velocities of (a) the second and (b) the third masses with adaptive
control of a three-mass system
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TABLE II
COEFFICIENTS OF PID CONTROLLERS OF THE ADAPTIVE SYSTEM
OF THE MECHANICAL PART OF TWO-MASS AND THREE-MASS
ELECTRIC DRIVE SYSTEMS

. Proportional Integral Differential
Type of electric ) . . . . .
. amplification  amplification amplification
drive system
factor factor factor
Two-mass 0.936 0.126 164.41
Three-mass 0.900 0.120 100.0

This especially appears in systems that are in operation
for a long period. The change in connection stiffness is
considered for a two-mass system for the cases ¢, 3¢, ¢/3
shown in Table I, and for a three-mass mechanism for
various combinations of c12, 3ci2, c12/3 and c¢23, 3¢23, €23/3.

The use of the fuzzy logical controller as a reference
model makes it possible to smooth out the frequency and
the amplitude of oscillations of changes in the rotation
speed of the first, second and third masses in the transient
processes (Figs. 18, 19). This is especially important
because the wear rate of the drive links slows down. From
a comparative analysis of elastic torques between different
masses in transients, it can be seen that the developed
adaptive control system leads to suppression of elastic
vibrations of the mechanical part and a reduction in the
time of transition to a stable mode (Figures 20-22). Studies
of the influence of the moment of inertia of the mechanical
part on the change in the rotation speed of the load also
gives good results. The adaptive control system provides
stabilization of the rotation speed of the mechanism in the
shortest possible time, which cannot be said about a
system with a traditional regulator (Fig. 23). Only the
characteristic parameters of the adaptive control systems
with a PID controller and with the neuro-fuzzy reference
model are compared (Table II) for combinations of
different connection stiffness values.

x10*
10 —_—Mi1la
1 — 23] |
8 —uu:ra-
E 6
=
~ 4
=
2
0
0 1 2 3 4 5

Time [5]

(a)

M, [rad/s]

Time [s]

(b)
Figs. 20. In the two-mass drive system, the change in elastic torque M2

for different values of connection stiffness (a) only with the help of a
PID controller, (b) adaptive control
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The results obtained show that the developed adaptive
model makes it possible to increase the efficiency of
control by reducing the rise time, overregulation and
regulation time (Table III).

IV. Discussion

The analysis shows that an effective control of
mechanisms operating with uncertain changes can be
achieved through the development of a reliable, adaptive,
high-speed and high-precision control system for the
mechanical part of the electric drive system.

TABLE III
PARAMETERS CHARACTERIZING THE MODES OF OPERATION OF
ADAPTIVE CONTROL SYSTEMS WITH ONLY A PID CONTROLLER AND
THE NEURO-FUZZY MODEL
Connection stiffness
values, N m/rad
I

Type of Rise Over- Tuning
control system time, s regulation, % time, s

¢, =560000
PID only 1.4 6.8 6
¢,y = 420000
11
¢, =560000
€53 =1260000 with PID and
1 the neuro- 0.9 6.2 2.4
¢, = 560000 fuzzy model
¢,3 =140000
I
¢, =186667
€55 = 420000 PID only 1.5 7 6.1
11
¢, =186667
¢,3 =1260000 .
with PID and
1 the neuro-  0.93 6.4 2.5
¢, =186600 fuzzy model
¢,3 =140000
x10*
10 —12:e12 )
=M1l )
8 M1Z:c12, ¢33
-_:_ 6
:= 4
2
0
0 2 4 6 8 10
Time [s]
(@)
x10*
——WiZet2,c21 |
9 ——M12:c12, 3°c23 | |
——Mi2iet2, 213 |
Ee |
Z
:2 3
0
0 2 4 6 8 10
Time [s]
(b)

Figs. 21. The change in the elastic torque M at different values of ¢ in
a three-mass electric drive system (a) only using a PID controller, (b)
adaptive control
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Figs. 22. Change in the elastic torque M»; in the electric drive system
for different values of ¢ (a) only using a PID controller,
(b) adaptive control
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Figs. 23. Changing the motor rotation speed in a two-mass electric
drive system at different values of the moment of inertia (a) only using
a PID controller, (b) adaptive control

The combined use of neuro-fuzzy and PID controllers
allows avoiding the disadvantages inherent in classical
control systems and achieve new results thanks to the
advantages inherent in these controllers. A comparative
analysis of changes in the elastic torque at different values
of connection stiffness confirms that the adaptive control
system developed in contrast to the known methods:
Reduces the transition time to stable mode;
Suppresses elastic vibrations of the mechanical part;
Reduces fluctuations in the angular velocities of
rotation of the masses included in the system in
transients.
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The developed system has excellent characteristics. In
particular, compared to the classical tuning, it provides a
reduction in rise time by 33%, debugging time by 60% and
overregulation by 8.8%. By taking into account the results
obtained, in a further research, the authors will implement
the developed adaptive control system into a general
automated control system and evaluate the effectiveness
of its coordinated work with other systems. A new
hypothesis on the development of an adaptive control
model for the mechanical part of the electric drive system
proposed by the authors can also be successfully applied
to improve the efficiency of control of systems operating
with a shock load. By considering that in this case the
torque of resistance created by the mechanism is a time-
dependent function that changes sharply by indefinite
values, the new requirements that follow from this should
be considered.

V.

The challenges arising from the development of
industry pose new challenges to the control of electric
drive systems of technological mechanisms. The key to
solve these problems is the development of a highly
efficient control system by using new approaches. This
paper presents an adaptive control system for the
mechanical part of the electric drive of mechanisms
operating under uncertain conditions, in which the
application capabilities of neuro-fuzzy and PID
controllers are integrated. As a result of the study of the
developed adaptive control model, the following
conclusions are made:

1. The vibrations of the elastic torque of the mechanical
part are reduced, and the duration of the transition
process is shortened due to the applied reference
model;

The study of transients at different values of
connection stiffness have shown that, although a
decrease in connection stiffness leads to an increase in
the amplitude and intensity of vibrations of the elastic
torque, due to the high adaptability of the control
system, the levels of their elastic torque are aligned in
the steady state mode;

The system demonstrates high efficiency when
changing the moment of inertia of the mechanism load.
This is fixed as a result of comparing the changes in
the rotational speeds of the mechanisms of the classical
and adaptive control systems developed by us;

The adaptive control system provides high speed and
accuracy due to the high learning ability provided by
the neural network. The network has been trained for
40 Epoch. Under the conditions of the formed rules,
RMSE is 0.0013.

The conclusions drawn allow stating that the developed
control model can be successfully applied to improve the
efficiency and the reliability of the electric drive systems
of technological mechanisms operated in various fuzzy
conditions. Unlike the well-known adaptive control
systems, which are mainly applicable to a specific

Conclusion
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mechanism, the model developed in this paper can show
the best results in control systems of the mechanisms
operating under uncertain conditions and changing
according to various laws. The analysis of the results
obtained shows that the proposed system has many
opportunities for development due to the expansion of the
base of rules and their effective learning ability. This
allows for integrated work with various control systems.
The presented comments allow stating that the results
obtained have wide opportunities for development and can
be successfully applied to the development of control
systems that provide high reliability, speed and
adaptability of various technological mechanisms.
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