International Conference on Developments in Education
Hosted from Saint Petersburg, Russia
https: econferencezone.org October - 2374 2024

MATHEMATICAL MODEL-BASED SMART CONTROL SYSTEMS
FOR ELECTRIC DRIVES
Bekzod
Master's student, Fergana Polytechnic Institute, Fergana, Uzbekistan

0. R. Salomov
Scientific adviser, Doctor of Philosophy in Physical and Mathematical Sciences,
Fergana Polytechnic Institute, Fergana, Uzbekistan

Abstract

This article focuses on enhancing the efficiency of regulating combined systems
of asynchronous motors in multi-link electric drives with power ratings ranging
from 0.25 to 400 kW. A key approach to achieving this is the development of an
intelligent control system, which is optimally suited for asynchronous motors
operating at voltages up to 440 V. This advanced control system is adaptable for
use in multi-link motor applications within manufacturing plants, including
Integration into existing machine tools and tracking systems. The significant
improvement in operational performance for interconnected multi-link electric
drives can be realized through the implementation of dynamic models and the
synthesis of control laws that account for the complex interactions and
movements within these systems. Furthermore, optimizing the intelligent control
system in such multi-link drives not only enhances system responsiveness but
also contributes to a substantial reduction in energy consumption—up to 12%.
This makes the proposed approach highly beneficial for energy-efficient
industrial operations.

Keywords: Asynchronous motor, integrated system, multi-communication
motor, adaptive control, associative memory, coordinates DQ control unit.

Introduction

The increasing demand for high-performance, energy-efficient electric drives in
industrial and manufacturing processes has driven the need for more advanced
control systems. Traditional control methods often fall short in optimizing the
performance of multi-link electric drives, especially when faced with complex
dynamic interactions between interconnected components. To address these
challenges, intelligent control systems, grounded in robust mathematical models,

have emerged as a promising solution [1].
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Electric drives, particularly asynchronous motors, are widely used across
industries due to their reliability and flexibility. However, their efficient
operation, especially in multi-link systems with power ratings from 0.25 to 400
KW, requires precise regulation. The integration of smart control systems,
utilizing mathematical models, provides a method for enhancing the performance
of such motors. These systems can adapt to changing load conditions, improve
response times, and reduce wear on mechanical components, all while
maintaining optimal energy use [2].
Mathematical models allow for the simulation and analysis of complex drive
systems, enabling control algorithms to anticipate and react to variations in
system behavior. By using these models, intelligent control systems can
dynamically adjust to multiple variables such as voltage, current, and torque,
offering an efficient means of controlling asynchronous motors operating at
voltages up to 440 V . This approach is particularly beneficial in manufacturing
plants, where it supports the use of multi-link motors in existing machine tools,
automation processes, and tracking systems [3].
Moreover, the adoption of these model-based smart control systems contributes
to significant improvements in energy efficiency. By synthesizing control laws
that account for the dynamic nature of multi-link systems, energy consumption
can be reduced by up to 12%. This reduction not only lowers operational costs
but also supports sustainability efforts in energy-intensive industries.
It is known that [1-3] control should be addressed when the complexity of the
controlled process reaches a level at which it is necessary to take into account the
influence of uncertainty on the conditions of the system functioning. According
to the definition of control processes, adaptive control systems are divided into
self-regulating systems, adaptive systems in special phase cases, and learning
systems.
In the control of electric drives available at manufacturing enterprises, the
intelligent control system is distinguished by the following indicators and
features:
— improvement of indicators of speed control in the frequency range;
— reduction of energy consumption of electric drives;
Improving the regulation of variable parameters of electric drives by combining
3 or more motors;
— significantly expanded interface functions and increased efficiency;




International Conference on Developments in Education
Hosted from Saint Petersburg, Russia
https: econferencezone.org October - 2374 2024

— create an opportunity to analyse the basic principles of building intelligent
control systems, methods and problems of implementing the technology of
associative memory;

You can use the Matlab Simulink program to improve an existing control system.

An important stage in the organization of a mathematical model is the

consideration of variable dynamic equations in the electric drive.

Determine the frequency value generated by the oscillation using the following

expression.

(1.1)

o = citla+/3) (b(f1 + /2 +]3))2
: Ju2J3 3J1)2J3
In this case a and b are variable coefficients, J,/,/; moments of inertia of the
combined electric motor.

Results
The variable part of the mathematical model of a single-engine system is as
follows (Fig. 1.2).
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Fig.1. General power and double acting AC motor control.
1- Rotor-side VSC, 2- Grid-side VSC, 3- Rotor filter, 4- Grid filter

Using mathematical expressions 1.1. according to the figure (Fig. 1.2), you can
build the following model.
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From Equation (1.2), for example, if the voltage drop across the stator resistor is
small, the stator current will be constant because the stator is connected directly
to the mains at a constant AC voltage; hence d ||- {~ equals zero. The last two
equations show that it is possible to control the rotor currents dq using a regulator
for each current component, as shown in fig. 1.3.

By relating DQ to mains voltage, we can construct a mathematical expression
given the following equation.
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To help the controller in the program, the inverse conditions of equation (1.3) can
be included in the output signal of each controller. The stator current and w, must
be calculated according to the conditions of interaction, but this is simple and
does not lead to an increase in additional difficulties. The check must be made in
dq coordinates, but then the rotor voltages and currents must be converted to DQ
coordinates. First, you can get the angle of the phase vector of the stator voltage,

(1.3)
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then subtract 900 from this calculated angle and thus get 8s. In the control block
diagram shown in fig. 1.3, the current rings operate with the rotor currents
corresponding to the stator side and the conversion to the values shown on the
rotor is done during the current measurement phase and before the generation of
pulses. Using the above model (Fig. 1.3,1.4,1.5), the following characteristics can
be obtained.

This, in turn, shows that the control systems are chosen correctly and the
expression of the variable parameters in them has changed.
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Fig. 3. Changing the current Idr through the control unit
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Fig. 5. Changing the current through the control unit
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The main feature of the control of a multi-link motor drive system is the
interaction of mobility levels at high speeds of the working body [1-5].

When building intelligent control systems, an increase in the speed of generating
control signals is achieved through the use and processing of knowledge in the
process of generating control signals [10]. By using the knowledge embedded in
the control system, it will be possible to significantly increase the speed of
calculating the control law, since the results necessary for this are not calculated
in the control process, but are taken from the knowledge base. For example, in
contrast to adaptive control systems, where the parameters of a controller with a
certain motion trajectory must be calculated during operation, in intelligent
systems, a set of controller settings can be included in the knowledge base and
this knowledge can be used.

References

1. ApunoB H.M., VYcmono HILIO., Kyukapoa [I.T. Omnpeneneuue
MaKCHUMaJIbHO JIOTTYCTUMOTO 3HAUYCHHSI M THAIla30Ha PETYIUPOBAHMS CKOPOCTH B
MpoIecce TMEPEMOTKH IIEeNKa-ChIplla ¢ MPUMEHEHHEM HWHTEUICKTYaIbHOTO
anekTpornpuBoza // Ilpobnemsl nHPpOpMATUKH U dHEpPreTuKU. — Tamkent, 2020.
—Ne 2. — C. 59-65

2. CynranoB P. A. VY. PexkomeHmanuu 1o BbIpaOOTKE D3JIEKTPOIHEPTUU U

KOMIICHCAllUK TIOTEPSHHOM SHEPIUH C TOMOILBIO CUCTEMBI OXJIAXKICHMS
anekTpoaBurateneli //BectHuk Hayku u oopasoBanus. — 2019. — Ne. 19-3 (73).
3. YemonoB . HO. YacToTHO-peryiaupyemblii  DIEKTPONIPUBOI IS
BEHTUJIITOPHOM HAarpy3ku //DNEKTPOHHBIA NEPUOJUYECKHI pPELeH3UPYEMbIi
Hay4HbIH xypHan «SCI-article. RU». — 2018. — C. 15.

4. Mukaramovich A. N., Yulbarsovich U. S. Calculation of the speed control
range of an intelligent asynchronous electric drive during rewinding raw silk
//anextpuka. — 2011. — No. 4. — C. 26-28.

5. Jaloliddinova N. D., Sultonov R. A. Renewable sources of energy: advantages
and disadvantages //JlocTrxenust Hayku u oOpazoBanus. — 2019. — Ne. 8-3. — C.
49.

6. Ycmonos Ul FO., Kyukaposa JI. T. CunTe3 anropuTMOB UHTEIUIEKTYaJIbHON
CUCTEMbl  yNpaBICHUS MHOTOCBSI3HBIMHM  DJIEKTpOIpUBOAaMu  //I'maBHBIN
penaktop: AxmeroB Caiipan6ek MaxcyToBu4, A-p TEXH. HAyK; 3aMeCTUTEIb
IJIaBHOTO penakropa: AxmenHabueB Pacyn MaromenoBud, KaHJ. TE€XH. HayK;

Unens! penakuronnoi komieruu. — 2022, — C. 50.




International Conference on Developments in Education
Hosted from Saint Petersburg, Russia
https: econferencezone.org October - 2374 2024

7. ApunoB H. M. wm gap. Onrumuszanuss TEXHOJOTMYECKHX PEKHUMOB
KOKOHOMOTAJIBHOT'O aBTOMaTa Cc peryJimpyeMom ACUHXPOHHOM
anektponpuBoaam /I naBublil penaktop: AxmetoB CaiipanOek MaxcyToBud, 1-p
TEXH. HayK; 3aMecTHTelb [IJIaBHOIO peaakTopa: AxmenHadbueB Pacyn

MaromenoBud, KaHJI. TeXH. HayK; UneHbl penakiimonHoi komterun. — 2021, — C.
11.



