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THE IMPROVEMENT OF THE ELECTRIC DRIVE SYSTEM
OPERATING UNDER DYNAMIC LOAD USING AN ARTIFICIAL
NEURAL NETWORK

V.D. Hovhannisyan
National Polytechnic University of Armenia

The extensive use of electrical equipment systems operating under dynamic loads
across various industrial sectors has underscored the importance of enhancing their
management capabilities. This study presents a novel approach to improving the efficiency
of managing electrical equipment. Specifically, we propose a new management strategy for
electrical equipment that, by considering the system instability and implementing suitable
adjustments through an artificial neural network, can guarantee high productivity and
synchronized operation within the management system.

To develop a model for detecting instability, a database of over 2 million data points
was created. Using the ANOVA algorithm, the degrees of influence of the input data on the
output signal were estimated. It was revealed that the resisting moment created by the
mechanism and the angular rotation speed, as well as the angular displacement of the engine
shaft, have high degrees of importance. For a specific example, the training error and
accuracy for different neural network algorithms were tested. The speed and accuracy of
neural networks with different structures were analyzed.

The possibility of combined operation of a neurocontroller and a stability state
detection classifier based on an artificial neural network was considered. A structural diagram
for implementing this approach in an automated control system was proposed.

The possibilities of its application for detecting and controlling the stability of an
electrification system were analyzed. It was found that despite the expansion of the
possibilities of using neurocontrollers in control systems, the practical possibilities of using
intelligent approaches in stability assessment problems have not been observed.

The obtained results have wide practical applicability and can be used for the
development of control systems that ensure high reliability and speed of various
electrification systems.

Keywords: artificial neural network, electrical drive, training method, neuroregulator,
stability conditions.

Introduction. The automation of modern technological processes is
accompanied by the use of electric drive systems, which dictates the continuous
improvement of their operating modes. This makes it possible to increase the
efficiency of technological equipment operation [1-6].
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Electric drive systems are widely used in metallurgy, aerospace engineering,
energy, transport systems, and elsewhere [7,8].

Many electrical power systems operate under the influence of randomly
varying loads. Applying traditional control methods to these systems is not always
appropriate or effective. The quality indicators and accuracy of an automated control
system (ACS) depend on the system's ability to return to a steady state after the
external influence disappears and the transient process completes. Therefore, there
is a need to consider new approaches and methods proposed for controlling electrical
drive systems with various technological mechanisms and motors.

Literature Review. Numerous works are devoted to electrical drive systems
and their control. This section refers to works that consider intelligent control
approaches and system stability assurance issues [9-12].

Acrticle [13] proposes a model for assessing the stability of the mechanical part
of a grinding mill electrical power system using machine learning. The work creates
six stability assessment models. The proposed model, in uncertain operating modes,
provides high accuracy and speed of instability detection. The proposed model, at an
intelligent level, makes it possible to develop the capabilities of electrical power
systems operating with dynamic loads [13].

The authors of [14] propose a neuro-fuzzy controller for regulating the angular
position of an electromechanical device based on Boolean relations. The structure of
the fuzzy system based on Boolean relations takes into account the operation of the
existing sensors and actuators. For optimization of the fuzzy controller, the
continuous model is transformed into a discrete-time model to include the closed-
loop controller training equations.

A novel approach to adaptive control of the mechanical subsystem within an
electrical power system for mechanisms operating under uncertain conditions is
presented in [15]. This is accomplished by integrating a fuzzy reference model with
PID controllers, leveraging the fast and precise training capabilities of a neural
network. The testing of the proposed model demonstrates its effectiveness in
mitigating elastic oscillations within the mechanical subsystem, while
simultaneously ensuring high control speed, accuracy, adaptability, and minimal
overshoot.

Of particular interest is the method for controlling the speed of a DC motor
proposed by the authors of [16]. Simulation results demonstrate the effectiveness of
the proposed NARMA L-2 controller, which exhibits the advantages of zero
overshoot and excellent speed tracking performance.

The performed analysis demonstrates significant scientific and technical
interest in research aimed at improving electrical power systems. A portion of the
published work focuses on controlling oscillations that occur in the elastic
components of these systems and mitigating their detrimental effects through the
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implementation of various controllers. Undeniably, the results achieved in this area
are crucial for ensuring stable operation and preventing fault conditions within
electrical power systems.

A further group of studies under review proposes models, algorithms, and
methodologies for determining the stability criteria of an electrical machine, or other
element, within an electrical power system. The results presented in these works are
typically case-specific, and, moreover, often lack generalized solutions that
explicitly address stability conditions. Our analysis indicates a substantial potential
for enhancing the stability assurance of electrical power systems operating under
dynamic load conditions. This potential remains largely untapped due to:

e a lack of sufficient integration between the control system design and
stability analysis methods and tools;

« the absence of high-performance and accurate methods and tools for real-
time detection of the system instability;

e the underutilization of intelligent techniques for detecting and classifying
instances of the system instability.

Given the critical importance of precise knowledge regarding the system
stability for advancements in electrical power system performance, and recognizing
the significant opportunities for improving the effectiveness of stability condition
consideration, the objective of the present work has been defined.

The objective of the work is to propose a control strategy for electrical power
systems that, by considering the system instability and implementing appropriate
control actions using an artificial neural network, will ensure high performance and
a potential for seamless integration within the overall control system.

Selection of methodology. In this work, an artificial neural network model is
used for stability classification. To determine the stability status of the system using
the neural network, the following main problems are addressed:

e acquisition of a database;

« evaluation of the influence of the input data of the database;

o comparative analysis of neural networks trained using different methods;

e proposition of a model for detecting the stability status within the control
system;

e proposition of a structural scheme for improving the control system of an
electrical power system operating with a dynamic load.

Individual components and parts of the mechanical subsystem of an electrical
drive system operating with a varying load can experience wear and deformation,
which can result in the system entering an unstable regime. Considering the above,
the work considers the stability status of the mechanical subsystem of the electrical
power system.
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Results. To evaluate the stability status of the mechanical subsystem using a
neural network, a database (Data Base) was created. For this purpose, an algorithm
developed based on the mathematical model presented in [17] (Fig. 1) was used.

Random Input

(wz,¢p1,J1. Mg, €, w1, ¢b3)
Data Generator

|

Extract equations of
Stability Condition

4

System_Stability = System_Stability =
False True
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| DATA LOGING |

Fig. 1. A database acquisition block diagram

When creating the database, the following factors affecting the stability of the
mechanical subsystem of the electrical power system were considered: the moments
of inertia of the rotor of the motor and the mechanism respectively (J,,J,), the
initial torque of the resistance of the mechanism (m, ); the rigidity of the connection

between the mechanism and the motor (c ); the angular displacement of the motor
shaft (¢, ); the movement of the mechanism reduced to the motor shaft (¢, ); the
electric rotation speed of the rotor (w-); the angular velocity of the actuating link of
the mechanism («,); the torque of the mechanism (m, ).

A database containing more than two million data points was created,
consisting of 7 input features and one response.

To increase the efficiency of the database, the influence of the input data on
stability conditions was evaluated.
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The degree of importance of the influence of the input data on the output signal
was evaluated using the ANOVA algorithm [18]. In this case, the input data are
estimated by digits from 0 to infinity, and the higher the score, the more this factor
will affect the performance of the system.

As shown in Table 1 the resistance torque and angular velocity of rotation
created by the mechanism, as well as the angular displacement of the motor shaft,
play an important role.

Table 1
Numerical results of data impact assessment
Features o | ¢y | 1| Mg c @ 0P
Degree ofthe data | | | & | 677 | 444 | 3079 | 637
impact

The successful choice of network structure, activation function and training
algorithm will improve the accuracy and performance of the artificial neural
network.

First, it involves the use of various teaching methods. The neural networks
trained using different methods were compared. To ensure the comparability of the
results, training was performed for a network with homogeneous parameters.

The research was carried out using the TensorFlow and Keras packages using
various algorithms for optimizing the network training. The following algorithms
were used: Adam, RMSProp, Stochastic Gradient Descent (SGD), AdaDelta and
Nadam. A total of 1,008,422 data elements were used, 30% of which were used for
the network validation.

In the hidden layer, the neuron activation function was chosen by ReL U, and
in the output layer by sigmoid.

The training rate was assumed to be 0.1, and only for SGD - 0.3. At a given
training rate, the errors in detecting the system instability and accuracy for various
training algorithms were estimated. The results are shown in Table 2.

Table 2
Results of the teaching methods

Training | Training | Training [Validation |Validation

method Loss Accuracy loss accuracy
Adam 0.0156 0.999 0.0153 0.999
RMSprop | 0.0356 0.9862 0.0373 0.9831
SGD 0.1337 | 0.9791 0.1313 0. 9783

AdaDelta | 0.8833 0.4525 0. 8830 0.4511
Nadam 0. 0136 0. 9970 0.0131 | 0.9971
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Fig. 2. The dependence of the accuracy of the validation on the number of neurons in the
hidden layer

The results show that the AdaDelta optimization algorithm is unsuitable for
use, because unacceptably poor results are obtained, whereas the other algorithms
show acceptable results and can be used to assess the state of stability.

A change in the number of neurons in the hidden layer does not lead to any
significant changes in the case of the Adam, RMSProp and Nadam algorithms, or in
the case of SGD. Changing the number of neurons has a significant impact on the
AdaDelta algorithm (Fig. 2), but because this algorithm provides results with low
accuracy, it is unsuitable for use in this case.

The performance of neural networks with different numbers and activation
functions in the hidden layer was studied using the Data Standardization algorithm

(Table 3).
Table 3
Performance results for neural networks with different structures
Neuron Numbe_r of Act_lvat_lon Dat.a_ Duration of | Accuracy
structure ne_urons in the fur_lctlon in the clas§|f|— training (s) (%)
hidden layer hidden layer cation

Model 1 5 RelLU - 557 48.8
Model 2 10 RelLU - 652 51.1
Model 3 20 RelLU - 712 48.9
Model 4 5 RelLU + 168 98.2
Model 5 10 RelLU + 248 98.3
Model 6 20 RelLU + 388 98.1
Model 7 5 Sigmoid + 748 97.8
Model 8 10 Sigmoid + 882 98.3
Model 9 20 Sigmoid + 906 98.2
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The results show that the number of neurons in the hidden layer does not have
a significant impact on the accuracy of the network. The use of the input data
standardization algorithms has a significant impact on the network performance.

It is obvious that to improve the control system of electric drives operating
with a dynamic load, it is most appropriate to use a model with one hidden layer,
five neurons and a model architecture with a ReLU activation function in this layer.

The analysis of the development of a model for detecting the state of
instability based on an artificial neural network provides a reason to assert the
expediency of its application in control systems. In modern ACS, neurocontrollers
have begun to be used, and can be successfully adapted to our proposed model for
detecting the state of instability. Fig. 3 shows a block diagram of the possibility of
using the instability-detection model in the ACS of the electric drive.
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Fig.3. A block diagram of the automated control system

The automated control system comprises both a stability classifier (Neural
Observer) and a neural controller (Neural Controller). Control signals are input to
the system via a graphical user interface (User Interface), where the required control
parameters are entered, and all the necessary information for system diagnostics is
displayed. A variable frequency drive (VFD) connected to the power unit (Power
Unit) converts single-phase voltage to three-phase voltage, which, in turn, supplies
power to the motor. A tachogenerator is used to determine the rotational speed of the
technological mechanism. Vibrations at the motor-load coupling are measured by
accelerometers (Accelerometr) mounted on both the motor and the technological
mechanism.

Initially, the control parameters are input. Subsequently, the neural controller
determines the appropriate frequency and voltage settings for the VFD. The stability
classifier then processes the signals acquired from the accelerometers and the
technological mechanism. Employing the previously described algorithm, the
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classifier evaluates the stability status of the mechanical subsystem and transmits
this information to the neural controller for further action or adjustments.

Conclusions

1. Testing a neural network model with observable structured data and a
training algorithm shows that the accuracy of training increases by 1.9 times, and the
training time decreases by 2.6 times with standardized input data. The results
obtained allow us to assert the expediency of the standardization of input signals for
the development of neural network models of electromechanical systems.

2. To detect the instability of the electric drive system, models created on the
basis of an artificial neural network, with the right choice of architecture, are
preferable to models based on the known classification algorithms.

3. The presented analysis provides grounds to conclude that the results
obtained have a wide range of applications, in particular, they can be used to develop
intelligent control systems that ensure a high reliability and high performance of
various electrical drive systems.
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1hLUUhYy PEMNY UThUSNT ELEUSMUPULESUUL LUV ULUNMSh PULPELUYNRU L
ur<tusuuul ve3rnuu3ht SuLsh uhfuUNUUUR

4.1 <ndhwuuhujwi

Upryntuwpbpnigjwt mwppbp §ninGpnid nhuwdhy pbinng  wyfuwwnn  LiGYunpw-
pwubgdwtu hwdwlwnpgbph (wju Yhpwnnipintup hpdp £ wwhu donwwbu wpnhwlwu
nhwnb| npwug Yuwnwywpdwu huwpwynpnieniuttiph pwpbjwydwu fuunhputipp: Unwowny-
ynw k Elyunpwpwubgdwu hwdwywpgh Yuwnwdwpdwtu wpryniuwybunigjw pupépwg-
dwu unp dnunbignut: Uwutwynpuwbu' wnwowpyyt & EEywnpwpwubgdwy  wjuwhup
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Ywnwywpnud, npp, hwodh wnubin hwdwlwpgh wulwjniingeniup b hpwwuwgubing
hwdwwwuwuluwt Yuwpgquynpnud* wphbunwwt ubjpnuwihu gwugh Yhpwndwdp, Ywpnn
E wwwhndb] pwpép  wpnwnpnnuywungeniu b unwywpdwtu  hwdwuwpgnid
hwdwdwjutigwsd woluwwnbiint huwpwynpniejniu:

UuYwyniunigjwu yhdwyh hwyinuwpbpdwu dnnbh dowlydwu dwwwnwyny unbindyby
E 2 dphjhnup gbipwquugnn myjwiutiph pwqw: ANOVA wignphedh dhongny quwhwwnyt) Gu
pwquwjh dnwnpwihu wyjwiubph wgnbgnyejut Yuplnpnigjwu wunhbwuubpp Gpwhu
wqnwuowuh Ypw: Pwgwhwjnyty £, np difuwuhqdph unbndwé nhdwnpnn dndbunp L
wwnndwu wuyniiwiht wpwgniginiup, huswybu bwl owpdhsh |hubinh wuyniuwihtu nbinw-
owndU nwbu pwpdp Yuplnpnigjwu wuwmhdwuubp: Ynuypbin opphuwyny thnpéwpyyt| Gu
ubpnuwghtu gwugh wwppbp wignphedutph hwdwp nwnigdwt ufuwp W Gounniejniup:
Jdbpindyb) Gu wwppbp Yunnigwdpny ubjpnuwihu gwugbph wpwqwuagnpdnigynitut nt
Gownnieniup:

“Thwwnyytb) £ ubpnyuwpguynphsh W wphbGunmwywu ubjpnuwiht gwugh hbupny
Yuwjniunypjwtu  yhtwlh hwjwnuwpbpdwt  nuwuwlwpgsh  hwdwnbnjwsé  wouwwnbint
huwpwynpnieniup: Unwewpyyby £ wynndwnwgywsé junwywpdwu hwdwlwpgnid wyn
dnunbgdwt hpwlwuwgdwu Yunnigywdpwiht ufubdwu:

ElGYwnpwpwutgdwt hwdwlwpgh uyniunigjwu hwjntwpbpdwt ne junwdwpdwu
uwwwwyny Yybpndyby Gu npw Yhpwndwu huwpwynpnieyniuutipp: Mwnpgyb , np, suwjws
Yuwnwywpdwu hwdwlwpgbpnwd ubipnyupqwynphsubiph ogunwgnpédwu  huwpwynpnt-
pInwutph  purqwjudwup, &0 Ujwwnyb] huwnbGyunuw]  dnnbgnwdubph Yhpwnwwu
huwpwynpnieniuubp Yujniunigjwu guwhwwndwl fuunhpubpnud:

Unwgywd wpryntupubpt niubtu Yhpwnwwt jwju huwpwynpnipyntu bW Ywpnn Gu
ogunwagnndyb] wwppbp EEYunpwpwutigdwu hwdwlwpgbph pwpép  hnwwipnygniu b
wpwgwagnpdnieintt wwwhnynn Yunwywpdwu hwdwlwpgbph dowydwu hwdwp:

Unwugpuypti pwnbp. wphbunwywu ubpnuwihu  gwugbp, LGYnpwowndhs,
nwunigdwu wignphpdutp, ubjpnywpgwynphs, Yuyntuniyegjwu wwjdwuubip:

VJAYUYIIEHUE CUCTEMBI SJIEKTPOITPUBOJIA C JMHAMUYECKOMN
HAI'PY3KOU C UCITIOJBb30BAHUEM UCKYCCTBEHHOW HEMPOHHOM
CETH

B.A. Orannucsx

Iupokoe MpUMEHCHHE CUCTEM OJIICKTPOIPHUBOJA B PAa3IUYHBIX OTPACIAX IPO-
MBIIUICHHOCTH, pa0OTAOIIUX C JHHAMUYCCKOW HArPy3KOH, JaeT OCHOBAaHUE aKI[CHTUPOBATh
BHUMAaHHE Ha TpOOJIEMBbI yIyUIIEHHS BO3MOXKHOCTEH WX ympaBineHus. B mannoi pabore
MpeJIaracTcsl HOBBIA TOJXOM K MOBBIMICHUIO 3()(EKTUBHOCTH YIPaBICHHS CHUCTEMaMHU
JJIEKTPONPHUBO/Ia. B YacCTHOCTH, NPEMIOKEHO TaKOE YIPABICHUE JICKTPOIPUBOIOM,
KOTOpOE, YIUTHIBasE HECTAOMIBHOCTh CHCTEMBI M BHEIPSSI COOTBETCTBYIOIIYIO HACTPOHKY C
WCTIOJIb30BAaHUEM HCKYCCTBEHHOW HEHUPOHHOW CETH, MOXKET OO0ECIeUnuTh BBICOKYIO
MIPOU3BOTUTEIHLHOCTD U CIIOCOOHOCTH PabOTaTh COTIIACOBAHHO B CUCTEME YITPABIICHHS.

C 1menpio pa3pabOTKH MOJEIH OOHAPYKEHHS COCTOSHHUS HECTaOWIBLHOCTH Oblia

co3mana 0aza JaHHBIX, MpeBbImaronias aga Muwuinona. C momomsio anmropurMa ANOVA
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ObLTa OIlCHEeHA CTETIeHb BaKHOCTH BIHMSHUS BXOTHBIX JaHHBIX 0a3bl NaHHBIX HA BBIXOIHOM
curHas. OOHapy>X€HO, YTO MOMEHT COIPOTHBIICHHS W YTJIOBas CKOPOCTh BpAIICHUS,
CO3/1aBacMbIC MECXaHU3MOM, a TAKXKE YIIIOBOC CMCIICHUE BaJla IBUTATEIISI HMCIOT BBHICOKYIO
CTETIeHb BKHOCTH. J[JIs1 KOHKPETHOTO MpUMepa OblIa IPOTECTHPOBAaHA OMIMOKa 00ydeHUs
JUTSL Pa3IMdHBIX AITOPUTMOB HEHpoHHOW ceTH. IIpoaHanm3upoBaHBl OBICTPOACHCTBHE WU
TOYHOCTb HEUPOHHBIX CETeHl ¢ Pa3IMUHON CTPYKTYPOH.

PaccMoTpeHa BO3MOXKHOCTh COBMECTHOM pabOTHI HEHPOKOHTpOILIEpA M KIaCCU(H-
KaTopa OIpeIeICHIsI COCTOSHUS CTAOMIILHOCTH Ha OCHOBE CKYCCTBEHHON HEHPOHHOM CETH.
[IpemnokeHa CTPYKTypHas CXeMa pealu3alldil 3TOT0 IOAXO0Ja B aBTOMAaTH3MPOBAHHOU
CHUCTEME YIpPaBIICHUSI.

[IpoaHamu3upoBaHbl  BO3MOXKHOCTH  €r0  IPUMEHEHHS IS ONpeeTCHHUs
CTaOMIIBHOCTH CHCTEMBI AJIEKTPONPUBOIA U ynpaBieHus uM. OOHapyKEeHO, ITO, HECMOTPS
Ha pacHIUpeHHEe BO3MOXKHOCTEM MCIOJIb30BaHUS HEUPOKOHTPOJUIEPOB B CHCTEMax
YIOpaBJICHUS, BO3MOXHOCTH IIPUMCHEHUS WHTEIUICKTYaIbHBIX TIOJAXOMIOB B 3a/1a4aX OLICHKU
YCTOHMUYMBOCTH HE HAOIIOAIHCE.

ITomy4yeHHBIC PE3yIbTaThl UMCKOT IIMPOKUN CIEKTP MPUMEHEHUS M MOTYT OBITh
UCIIONB30BaHbl JIIs  pa3pabOTKA CHCTEM YIPAaBJICHUS, OOCCICUMBAIOIINX BBICOKYIO
HAJIe)KHOCTD U OBICTPOACHUCTBHIE PA3IMIHBIX CHCTEM JJIEKTPOIIPHBO/IA.

Knrwouesvie cnoea. WCKyCCTBEHHAsh HEWPOHHAs CETh, 3JICKTPOJBUTATENb, METOJ
00y4eHHs, HEUPOPETYIATOP, YCTOWIHBOCTD.
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