EHEPTETUKA, EKOHOMIKA TA EJIEKTPOTEXHIKA

YK 621.039 doi: 10.20998/2313-8890.2022.11.03

Zachepa Iurii, Ph.D., Associate Professor, Department of Automatic Control Systems and Electric Drive, Tel.
(050)4026212; E-mail: sm261245@gmail.com

Zachepa Nataliia, Ph.D., Associate Professor, Department of Automatic Control Systems and Electric Drive, Tel.
(050)4026212; E-mail: sm261245@gmail.com

Ganzevich Ivan, doctoral student PhD, Tel. (050)4026212; E-mail: sm261245@gmail.com

Kremenchuk Mykhailo Ostrohradskyi National University, 39600, Kremenchug, st. Pervomayskaya, 20

Shokarov Dmytro, Ph.D., Associate Professor, Department of Power Plants, Tel. (050)4026212; E-mail:
sm261245@gmail.com

National Technical University "Kharkiv Polytechnic Institute" 61002, Kharkiv, st. Kyrpychova, 2

Cherkashyna Halina, Ph.D., Associate Professor, Department of Power Supply, Tel. (050)4026212; E-mail:
sm261245@gmail.com

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute” 03056 Kyiv Peremohy Av., 37

THE PRINCIPLES OF CREATION AND APPLICATION OF COMPUTER
SIMULATORS IN THE TASKS OF ELECTRIC POWER INDUSTRY

Abstract. The work presents the structure and the necessary complex of elements that ensure the functioning of
computer simulators-simulators in the tasks of electric power engineering. The organization of the system for
ensuring work in the given computer simulator-simulator is proposed. On the basis of the formulated general
technical requirements for simulator software, their tasks and functions, a computer simulator-simulator of an
autonomous power-generating installation was developed to practice the skills of technical operation of electrical
installations of consumers. Mathematical support for the formation of subprograms as independent elements
capable of interacting with each other is proposed. On the basis of the formulated general technical requirements
for the software of the simulator, its tasks and functions, a computer simulator of an autonomous power plant was
created to form the skills of technical operation of the consumer of electrical equipment. An algorithm for software
and hardware implementation of a computer simulator-simulator, identical to a real physical autonomous mini-
power plant based on a diesel-generator unit, has been developed.
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INPUHOUIIN CTBOPEHHA TA 3ACTOCYBAHHSA KOMII'IOTEPHUX
TPEHAKEPIB-IMITATOPIB B 3AJAYAX EJIEKTPOEHEPTETUKH

Anomauyin. B pobomi npeocmasieno cmpykmypy ma HeoOXiOHULl KOMNJIEKC eleMeHmis, wo 3abe3neuyroms
@DYHKYIOHYBAHHA KOMN TOMEPHUX MPEHAXHCePis-iMimamopie 6 3a0ayax eleKmpoeHepeemuKy. 3anponoHo8aHo
opeanizayiio cucmemu 3abes3nedentst pooomu 6 HaeOeHOMY KOMN IOMEPHOMY mpeHadxcep-imimamopi. Ha ochosi
CPOPMYTLOBANHUX 3A2ANLHOMEXHIYHUX BUMO2, WO BUCYBAIOMBCS 00 MPEHANCEPHUX NPOSPAMHUX 3ac00i8, iX 3a0ay i
Qynxyil, 0ns BIONPAYIOBAHH HABUYOK MEXHIYHOI eKchiyamayii eiekmpoyCmaHo8OK CNnodjcusadie po3poobreHo
KOMN 10mepHUti mpeHadicep-imimamop asmoHOMHOI eHep202eHepYIod0i YCMaHO8KU. 3anponoH08aHO MaAmMeMamuiHe
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EHEPTETUKA, EKOHOMIKA TA EJIEKTPOMEXAHIKA

3abe3neuents QOPMYBaHHI NIONPocpaM AK CAMOCHMIUHUX eleMeHmis, 30amHux ésaemodiamu mixc cobor. Ha
OCHOGI CHOPMYTLOBAHUX 3A2ATILHUX MEXHIYHUX 8UMO2 00 NPOSPAMHO20 3abe3neyents mpeHajicepd, 1020 3a80aHs i
@ynryit cmgopeno Komn 10mepHUll mpenaxcep asmoHOMHOL eleKmpoCmanyii 0ist popmy6ants HABUHOK MeEXHIYHOL
excnayamayii  cnoxcugaua enekmpoycmamxygeauus. Pospobneno aneopumm npoepamuo-anapamuoi  peanizayii
KOMN 10MepHO20 MPEHANCepa-iMimamopa, MmomoNCHO20 PeabHill Qi3uyHil a8MOHOMHIU MIHIeIeKMPOCMAanyii Ha
basi duzenvb-ecenepamopHoi yCmaHo6Ku.

Kniouosi cnosa: sipmyanvhi 1a60pamopHi KOMRIJIEKCU, KOMN TOMEPHUL MpeHaxdcep-imimamop, oucmanyiine
HABYAHHS, ABMOMAMU3OEAHI HAGUATILHI CUCTEMU.
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MPUHIAIBI CO3JIAHUSA U IPUMEHEHW S KOMIIBIOTEPHBIX TPEHAXKEJIEH-
NMHUTATOPOB B 3AJAYAX SJIEKTPOOHEPT'ETUKHA

Annomauusn. B pabome npedcmasiena cmpykmypa u HeoOX0OUMbIL KOMIIEKC IAEMEHMO8, 00eCnedusarouux
DYHKYUOHUPOBAHIUE KOMNLIOMEPHBIX MPEHAICEPOS-UMUMAMOPO8 6 3a0auax snekmpodnepeemuku. IIpednoscena
opeanuzayusa cucmemvl obecneuenus pabomvl 8 NPUEEOEHHOM KOMNbIOMEPHOM mpenadxcep-umumamope. Ha ocnose
copmynuposannvix  obujemexHudeckux —mpebdosanull, NpeovACNAEMbIX K  MPEHAMNCEPHLIM — NPOSPAMMHBIM
cpedcmeam, ux 3a0auam u QYHKYUIM, 0151 OMpaboOmKu HAGLIKOG MEXHUYECKOU IKCIIYAmayul 2AeKmpoyCmano8oK
nompebumenei  pazpaboman  KOMNLIOMEPHINL  MPEHANCEP-UMUMAMOP — ABMOHOMHOU  dHEp2o2eHepupyoujell
yemanogku. Tlpednodiceno mamemamuueckoe obecneuenue 6 hopMupoSarHuy NOONPOSPAMM KaK CAMOCIOAMENbHbIX
21eMEeHMO8, CHOCODHBIX 83AUMOOeCMB08amyb mexcoy coboli. Ha ocnoge cgpopmynuposantsvix oouux mexHuyecKux
mpebosanuli K NPOSPaAMMHOMY 0OecnedeHur0 mpeHaxcepa, e20 3a0a4am U (DYHKYUAM CO30aH KOMNbIOMEPHbIiL
mpeHaxcep A6MOHOMHOU  ANEKMPOCMaHyuy Ond  (POPMUPOBAHUS  HABLIKO8  MEXHUYECKOU OIKCNIyamayuu
nompebumens  nekmpoobopydosanua.  Paspaboman — aneopumm  npopamMMHO-ANNAPAMHOU  pearusayuu
KOMNBIOMEPHO20 — MPEHANCePA-UMUMAMOPA, — TMOHCOECTNBEHHO20 — PeanbHOU  Qu3uyeckou  A6MOHOMHOU
MUHUDTIEKMPOCAHYUY Ha 6a3e OU3eNb-2eHEPAMOPHOU YCTNAHOBKU.

Kniouesvie cnosa: esupmyanvhvie 1aOopamopuvie  KOMNIEKCbl, KOMNLIOMEPHBIL — MPEHANCEP-UMUMAMOP,
oucmanyuonHoe odyyenue, agmomamu3uposanHvle 00yyaiouue CUCHeMbl.

Introduction. Electric power industry is among the sectors of the national
economy, in which the need for highly qualified specialists with practical
experience is especially acute. The modern realities, the pandemic and the war
imposed certain restrictions on the practical training of highly qualified specialists
in the electricity industry of Ukraine. Moreover, it can be added that when
performing a number of technological operations, the workers are forced to be in
constant contact with working electrical equipment, which determines the high
level of injuries

No11-12(177-178) 2022 EHEPTO3BEPEKEHHA e EHEPTETUKA e EHEPTOAYAUT 35



EHEPTETUKA, EKOHOMIKA TA EJIEKTPOTEXHIKA

Results and Discussions. Currently, one of the effective directions for
improving the efficiency of the process of offline training of specialists in the
specialty 141 «Electric Power Engineering, FElectrical Engineering and
Electromechanics» are automated training systems (ATS) [1]. The most effective
technical means of working out the safe and remote labor techniques is a computer
simulator based on multimedia computer programs, which simulates real working
conditions (specific operations of the technological process) [2] and implements a
physical and functional model of the human-machine-production
environment system, its interaction with the subject of work and the technological
process.

Research materials. The general requirements for a computer simulator
software [3]. The computer simulator should include the necessary set of elements
in its structure that ensure its functioning. The composition of the simulator is
shown in fig. 1.

Computer simulator

Technical

Y

A

The electrical, electronic and mechanical components of
computer workstations, thanks to which the simulator functions

The measures and provisions regulating the general procedure of
the simulator

»  Organizational

A

»  Mathematical »| The methods, models and algorithms to control the learning
process

Educational and

-

» The set of training and control procedures for occupational safety

v
Material Support
Y

methodical and training manuals focused on working with the simulator
»  Information » The data used or generated in the learning process in the form of
ordered organizational structures
> Pcslychci)loglqall » The didactic training techniques that allow the adaptive dialogue
and pedagogica between participants in the educational process
> Software >

The set of programs that ensure the functioning of the simulator

Fig. 1. Composition of computer simulator
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The basis of the organization of the system for ensuring work in the given
CS (Computer Simulator) is the block principle of building a mathematical
support [4, 5], which consists in the formation of subroutines as
independent elements capable of interacting with each other under the
control of the organizing program. Such an aggregate principle of
construction allows us to propose a systematic approach to ensure the proper
level of healthy and safe working conditions for workers of different
professions, to increase mathematical support, to create libraries of ready-made
elements of the technological process [6], to configure CS on the development of
various kinds of skills (speed of decision-making in a particular situation, working
out a clear sequence of actions or operations in both regular and abnormal
modes, etc.).

The following construction principles were used when creating the CS:

- the principle of conformity of the structure of skills formed with the help of
a computer simulator with the structure of real labor skills in the execution of
technological process operations, which means the simulation of the professional
activity of the worker is fully carried out;

- the principle of target training, for which the main purpose of using the
simulator is not to acquire knowledge, but to master the skills of safe performance
of work;

- the principle of the active approach, which means that the computer
simulator is necessary for the training of workers who need the skills of real
production work.

The use of CS for the training of specialists in both the electric power
industry and specialists in other industries allows: to improve the quality of
training of employees from the electric power industry, to reduce the cost of
professional training by reducing its terms, to conduct training in safe conditions,
to increase the degree of objectivity of assessment of qualification of employees
undergoing training (their knowledge and skills) due to the maximum realism of
the task [7].

Therefore, based on the peculiarities of the activity, when preparing
employees from the electric power industry, it is advisable to use CS as an addition
to the adopted training system and form the basis of a systematic approach of
training for ensuring the safe working conditions during technological operations
[8, 9]. The ATS software for ensuring safe labor methods includes the
corresponding software modules (Fig. 2.)

These software modules ensure compliance with all the requirements
for CS and functions, as well as provide a full (network) version of the
software. To implement this option, you need to have a local network. In this
case, all data are stored on the central (server) PC. There should also be Module 2
and Module 3. There are interactive training modules - Module 1 on the
workstations.
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Software Components

Y
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¥

The interactive program
module of the person
undergoing training
(Module 1)

The program module of the
teacher, designed for the
formation of individual tasks
(Module 2)

The teacher program module
for learning results processing
(Module 3)

The registration of a The processing of
B || protocols of current

person . .
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) The access to archive data
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The interaction with other eliminatlon of outdated 0 ogs and prp 0co S. of
T software modules tasks previous training periods

Fig. 2. Composition of CS software

The implementation of software and hardware part of computer simulator on
the example of an autonomous power generating unit.

A real power generating plant compared to CS has a higher cost, more
complex internal structure and voluminous technical documentation. This kind of
equipment is difficult to upgrade and change the technical characteristics and
purpose. Therefore, in order to train specialists in the development of safe work
performance during production, increase labor productivity, prevent injuries, study
of energy processes in autonomous power generating units (APG) based on diesel
generator units (DGU) with an asynchronous generator (AG), CS was developed
[10, 11]. In addition, the created simulator allows you to simulate different
operating modes, change and test different characteristics of the equipment,
analyze the factors of emergencies, etc.

The front panel of CS is shown in Figures 3 (a, b).

The basis of the organization of the labor support system in the given CS is a
block principle of building mathematical support, lies in the formation of
subroutines as the independent elements capable of interacting with each other
under the control of the organizing program.
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Such an aggregate principle of construction allows to provide an integrated
approach to the professional training of workers from the electric power industry,
to increase mathematical support, to create libraries of ready-made elements of the
technological process, to set up CS for practicing various kinds of skills (speed of
decision-making in a particular situation, working out a clear sequence of actions
or operations, etc.).

Fig. 3. CS front panel: typical power consumers

CS consists of the following main units:

- the "drive engine" unit - diesel internal combustion engine;

- the "electric energy converter" unit - asynchronous generator with
capacitive excitation and stabilization systems of output voltage AG;

- the "consumers of electric energy" unit - includes AC consumers, both
single-phase and three-phase. Thanks to the rectifier, the ability to connect DC
consumers is realized;

- the "instrumentation" unit- contains current and voltage sensors, speed,
torque, etc. These blocks form the basis of the interactive program module of the
person undergoing training (Fig. 2, Module 1);

- the "virtual meter" unit - power signals are generated, then energy
processes running in the system are determined with corresponding
real-time implementation of all processes. The unit is also supplemented
with an operator action retainer, which allows implementing various programs
(Fig. 2, Module 2) for practicing the skills of safe execution of technological
operations.

In addition to using the proposed virtual complexes in the educational
process for the independent work of students and remote laboratory work, it is also
possible to implement them in industry and in the field of scientific research. The
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creation of mobile virtual complexes is especially interesting since it allows you to
conduct the necessary research directly in the conditions of production, quickly
receive and process the results of modeling and form the recommendations for
improving the quality of management and the efficiency of using real equipment.
The introduction of the developed systems in industrial enterprises is preceded by
extensive research work. In this case, the developed CSs allow you to study the
static and dynamic modes of operation of technological equipment visually, the
study of its effective modes of operation.

Conclusion. The use of computer simulators is proposed to develop the
skills for the training of specialists of the electrical profile and the implementation
of technological operations.

On the basis of the formulated general technical requirements for the
simulator software, their tasks and functions, a computer simulator of an
autonomous power generating plant has been created to develop the skills of
technical operation of the consumer of electrical equipment.

The algorithm for software and hardware implementation of a computer
simulator, identical to a real physical autonomous mini-power plant based on a
diesel-generator plant, has been developed.

The developed CS allows to solve a number of research problems: the
analysis of technological capabilities and energy indicators of various methods of
regulating technological parameters; the study of dynamic processes in the
generator-motor system; the determination of regulatory and energy characteristics
of systems, etc.
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